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National foreword

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on High Voltage Test Techniques under the authority of the Industry
Standards Committee on Generation, Transmission and Distribution of Energy.

This Malaysian Standard is identical with IEC 383-1:1993, Insulators for overhead lines with a
nominal voltage above 1 000 V - Part 1: Ceramic or glass insulator units for a.c. systems -
Definitions, test methods and acceptance criteria, published by the International
Electrotechnical Commission (IEC). However, for the purposes of this Malaysian Standard, the
following apply:

a) inthe source text, "this International Standard" should read "this Malaysian Standard";

b)  the comma which is used as a decimal sign (if any), to read as a point;

c) add NOTE under Clause 2, INOTE. For impulse puncture test, IEC 61211:2004,
Insulators of ceramic material or glass for overhead lines with a nominal voltage greater

than 1 000V - Impulse puncture testing in air is referred(;

d) the basis IEC 383-1 is printed in English and French version. However, only the English
version is retained for this Malaysian Standard; and

e) reference to International Standards should be replaced by corresponding Malaysian
Standards as follows:

Referenced International Standards Corresponding Malaysian Standards

IEC 60-1, High-voltage test techniques - MS [IEC 60060-1, High-voltage test
Part1:  General definitions and test techniques - Part1: General definitions and
requirements test requirements

MS IEC 60383 consists of the following parts, under the general title/nsulators for overhead
lines with a nominal voltage above 1 000 V:

Part 1: Ceramic or glass insulator units for a.c. systems - Definitions, test methods and
acceptance criteria

Part 2: Insulator strings and insulator sets for a.c. systems - Definitions, test methods and
acceptance criteria

In 1997, the IEC introduced a new numbering system for all of its International Standards,
guides and technical reports. The new number for the IEC Standard is IEC 60383-1:1993.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content,
structure, and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in
an International Standard or is identical in technical content and structure although it may contain the
minimal editorial changes specified in clause 4.2 of ISO/IEC Guide 21-1

© STANDARDS MALAYSIA 2013 - All rights reserved
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATORS FOR OVERHEAD LINES
WITH A NOMINAL VOLTAGE ABOVE 1000 V

Part 1: Ceramic or glass insulator units
for a.c. systems -
Definitions, test methods and acceptance criteria

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the 1EC is to
promote international cooperation on ail questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the 1EC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subject dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC also participate in this preparation. The IEC
collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

8) They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the |IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

International Standard IEC 383-1 has been prepared by sub-committee 36B: Insulators for
overhead lines, of IEC technical committee 36: Insulators.

Part 1, together with Part 2, replaces the third edition of IEC 393 (1983) and constitutes a
technical revision.

The text of this standard is based on the following documents:

Six Months' Rule Report on Voting Two Months' Procedure Report on Voting
36B(CO)87-1 and i 36B(CO)91 36B(CO)9e5 36B(C0O)97 and 97A
36B(CO)89 36B(C0)93

Full information on the voting for the approval of this standard can be found in the reports
on voting indicated in the above table.

IEC 383 consists of the following parts, under the general title: Insulators for overhead
lines with a nominal voltage above 1 000 V.

- Part 1: Ceramic or glass insulator units for a.c. systems — Definitions, test methods
and acceptance criteria

— Part 2: Insulator strings and insulator sets for a.c. systems — Definitions, test
methods and acceptance criteria

Annexes A, B and C are for information only.
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INTRODUCTION

This part of IEC 383 is divided into nine sections.

The first five sections cover general clauses, including general requirements and relevant
test procedures.

Sections six to nine deal with four different types of insulators:

Section 6: Pin insulators

Section 7: Line post insulators

Section 8: String insulator units

Section 9: Insulators for overhead electric traction lines.

Sections 6, 7 and 8 begin with a cross-reference table giving the tests applicable to the
insulators and the quantity of insulators to be tested.

Section 9, dealing with traction insulators, does not have a cross-reference table as
traction insulators can be referenced to one of the three other types of insulator dealt with
by this part of IEC 383.

The user of this part need only refer to the section dealing with the type of insulator to be
tested and to the general requirements and relevant test procedures contained in sections
one to five.
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INSULATORS FOR OVERHEAD LINES
WITH A NOMINAL VOLTAGE ABOVE 1 000 V

Part 1: Ceramic or glass insulator units
for a.c. systems -
Definitions, test methods and acceptance criteria

Section 1: General

1 Scope and object

This parnt of IEC 383 applies to insulators of ceramic material or glass for use on a.c.
overhead power lines and overhead traction lines with a nominal voltage greater than
1 000 V and a frequency not greater than 100 Hz.

1t also applies to insulators for use on d.c. overhead electric traction lines.

This part applies to string insulator units, rigid overhead line insulators and to insulators of
similar design when used in substations.

It does not apply to insulators forming parts of electrical apparatus or to parts used in their
construction or to post insulators which are covered by IEC 168: Tests on indoor and
outdoor post insulators of ceramic material or glass for systems with nominal voltages
greater than 1 000 V.

It may be regarded as a provisional standard for insulators for use on d.c. overhead power
lines. IEC 438: Tests and dimensions for high-voltage d.c. insulators, gives general
guidance for those insulators.

NOTE - An international standard dealing with tests on insulators for d.c. overhead lines is in preparation
and is intended to replace the relevant clauses of IEC 438.

Tests on insulator strings and insulator sets (for example, wet switching impulse voltage)
are dealt with in part 2 of IEC 383.

NOTES

1 This part does not include artificial pollution tests, radio-interference tests or residual strength tests.
These subjects and relevant test methods are dealt with in the following |EC reports:

IEC 437: Radio interference test on high-voltage insulators

IEC 507: Artificial pollution tests on high-voltage insulators to be used on a.c. systems

IEC 797: Residual strength of string insulator units of glass or ceramic material for overhead lines after
mechanical damage of the dielectric.

2 The term "ceramic material" is used in this part to refer to porcelain materials and, contrary to North
American practice, does not include glasses.

© STANDARDS MALAYSIA 2013 - All rights reserved
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The object of this part is:

- to define the terms used;

— to define insulator characteristics and to prescribe the conditions under which the
specified values of these characteristics shall be verified;

-~ to prescribe test methods;
— to prescribe acceptance criteria.

This part does not include requirements dealing with the choice of insulators for specific
operating conditions.

NOTE - A guide for the choice of insulators under poiluted conditions has been published, see IEC 815.

Numerical values for insulator characteristics are specified in IEC 305, IEC 433 and
IEC 720.

2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this part of IEC 383. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this part of IEC 383 are encouraged to investigate the possibility of
applying the most recent edition of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

IEC 50(471): 1984, International Electrotechnical Vocabulary (IEV) - Chapter 471:
Insulators

IEC 60-1: 1989, High-voltage test techhiques — Part 1: General definitions and test
requirements

IEC 120: 1984, Dimensions of ball and socket couplings of string insulator units

IEC 305: 1978, Characteristics of string insulator units of the cap and pin type

IEC 372: 1984, Locking devices for ball and socket couplings of string insulation units:
Dimensions and tests

IEC 433: 1980, Characteristics of string insulator units of the long rod type

IEC 471: 1977, Dimensions of clevis and tongue couplings of string insulator units
IEC 720: 1981, Characteristics of line post insulators

IEC XXX: 19XX, Puncture testing of insulators of glass or ceramic material for overhead
lines with a nominal voltage greater than 1 000 V (under consideration)

© STANDARDS MALAYSIA 2013 - All rights reserved
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ISO 1459: 1973, Metallic coatings - Protection against corrosion by hot dip galvanizing —
Guiding principles

ISO 1460: 1973, Metallic coatings — Hot dip galvanized coatings on ferrous metals -
Determination of the mass per unit area — Gravimetric method

ISO 1461: 1973, Metallic coatings — Hot dip galvanized coatings on fabricated ferrous
products — Requirements

ISO 1463: 1982, Metal and oxide coatings — Measurement of coating thickness -
Microscopical method

1ISO 2064: 1980, Metallic and other non-organic coatings - Definitions and conventions
concerning the measurement of thickness

ISO 2178: 1982, Non-magnetic coatings on magnetic substrates — Measurement of
coating thickness — Magnetic method

3 Definitions

For the purposes of this part of IEC 383, the following definitions apply.

The term "insulator" is used in this part to refer to the object being tested.

The definitions given below are those which either do not appear in IEC 50(471) or differ
from those given in IEC 50(471).

3.1 Insulator string

One or more connected string insulator units intended to give flexibie support to overhead
line conductors and stressed mainly in tension.

3.2 Pininsulator

A rigid insulator consisting of an insulating component intended to be mounted rigidly on a
supporting structure by means of a pin passing up inside the insulator. The insulating
component may consist of one or more pieces of insulating material permanently
connected together. The fixing of the insulating component to the pin can either be
separable or permanent (pin insulator with integral pin).

Unless otherwise stated, the term “"pin insulator” does not include the pin if separable.

NOTE - The pin can have two basic shapes. With one shape, the insulating component is fixed to the end
of the pin and does not aliow contact of the insulating component with the supporting structure. With the
other shape, the insulating component is fixed by means of the pin in contact with the supporting structure
either directly or with a plate in between, the plate being either a separate washer or part of the pin
(sometimes referred to as a pin post insulator).
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3.3 Line post insulator

A rigid insulator consisting of one or more pieces of insulating material permanently
assembled with a metal base and sometimes a cap intended to be mounted rigidly on a
supporting structure with the metal base attached by means of a stud or one or several
bolts.

3.4 Traction insulator

An insulator or insulator set intended to give flexible or rigid support for overhead electric
traction lines. All types of overhead line insulators may be used for this purpose.

3.5 Lot

A group of insulators offered for acceptance from the same manufacturer, of the same
design and manufactured under presumed similar conditions of production. One or more
lots may be offered together for acceptance; the lot(s) offered may consist of the whole, or
part, of the quantity ordered.

3.6 Flashover

A disruptive discharge external to the insulator, connecting those parts which normally
have the operating voltage between them.

NOTE - The term "flashover™ used in this part includes a flashover across the insulator surface as well as
disruptive discharges by sparkover through air adjacent to the insulator.

3.7 Dry lightning impulse withstand voltage

The lightning impulse voltage which the insulator withstands dry, under the prescribed
conditions of test.

3.8 50 % dry lightning impulse flashover voltage

The value of the lightning impulse voltage which, under the prescribed conditions of test,
has a 50 % probability of producing flashover on the insulator, dry. Represented by Ug,.

3.9 Wet power-frequency withstand voltage

The power-frequency voltage which the insulator withstands wet, under the prescribed
conditions of test.

3.10 Electromechanical failing load

The maximum load reached when a string insulator unit is tested under the prescribed
conditions of test.

3.11 Mechanical failing load

The maximum load reached when a string insulator unit or a rigid insulator is tested under
the prescribed conditions of test.
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3.12 Puncture voltage

The voltage which causes puncture of a string insulator unit or a rigid insulator under the
prescribed conditions of test.

3.13 Creepage distance

The shortest distance or the sum of the shortest distances along the ceramic or glass
insulating parts of the insulator between those parts which normally have the operating
voitage between them.

NOTE - The surface of cement or other non-insulating jointing material is not considered as forming part
of the creepage distance. If high resistance coating is applied to parts of the insulating part of an insulator
such parts are considered to be effective insulating surfaces and the distance over them is included in the
creepage distance. '

3.14 Displacements

Axial or radial displacement

The maximum positional variation of a definite point of the considered insulator during one
complete revolution around the insulator axis.

Angular displacement

The angular deviation around the insulator axis between corresponding planes of the two
coupling pieces.

3.15 Short standard string

A short standard string is used to verify characteristics of a unit which are significant only
for an insulator string. It consists of:

For cap and pin units:

An insulator string of a least 5 insulator units and not more than 1,5 m in length.

For long rod insulator units:

An insulator string between 1 m and 2 m in length for long rod insulator units intended to
be assembled in a string. For long rod insulator units less than 1 m long intended to be
used singly as a string, the unit itself is considered as a short standard string.

3.16 Specified characteristics

A specified characteristic is:

— either the numeric value of a voltage or of a mechanical load or any other
characteristic specified in an IEC international standard;

- or the numeric value of any such characteristic agreed between the purchaser and
the manufacturer.

Specified withstand and flashover voltages are referred to standard atmospheric
conditions (see clause 10).
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Section 2: Insulators

4 Classification, types of insulators and insulating materials

4.1 Insulator classes

Overhead line string insulators are divided into two classes according to their design:

Class A: an insulator or insulator unit in which the length of the shortest puncture path
through solid insulating material is at least equal to half the arcing distance. An example
of a class A insulator is a long rod insulator with external fittings.

Class B: an insulator or insulator unit in which the length of the shortest puncture path
through solid insulating material is less than half the arcing distance. An example of a
class B insulator is a cap and pin insulator.

4.2 Insulator types

For the purposes of this part of IEC 383, overhead line insulators are divided into the four
following types:
— pin insulators
- line post insulators
— string insulator units, divided into two sub-types:
e cap and pin insulators —
¢ long rod insulators
~ insulators for overhead electric traction lines

NOTE - Insulators for overhead traction lines are normally insulators of one of the first three types above,
with or without special adaptations of the metal fittings, designed for use on overhead electric traction
lines.

4.3 Insulating materials
The insulating materials of overhead line insulators covered by this part are:

— ceramic material, porcelain;

— annealed glass, being glass in which the mechanical stresses have been relaxed by
thermal treatment;

- toughened glass, being glass in which controlled mechanical stresses have been
induced by thermal treatment.

NOTES

1 Further information on the definition and classification of ceramic and glass insulating materials can be
found in IEC 672-1 and |IEC 672-3.

2 The term "ceramic material” is used in this part to refer to porcelain materials and, contrary to North
American practice, does not include glass.
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5 ldentification of insulators

Each insulator shall be marked, either on the insulating component or on a metal part, with
the name or trade mark of the manufacturer and the year of manufacture. In addition, each
string insulator unit shall be marked with the specified eleciromechanical or mechanical
failing load whichever is applicable. These markings shall be legible and indelible.

The designations included in IEC 305, IEC 433 and IEC 720 may be used.

Section 3: Classification of tests,
sampling rules and procedures

6 Classification of tests
The tests are divided into three groups as follows:

6.1 Type tests

Type tests are intended to verify the main characteristics of an insulator which depend
mainly on its design. They are usually carried out on a small number of insulators and only
once for a new design or manufacturing process of insulator and then subsequently
repeated only when the design or manufacturing process is changed. When the change
affects only certain characteristics, only the test(s) relevant to these characteristics need
to be repeated. Moreover, it is not necessary to perform the electrical, mechanical and
thermal-mechanical type tests on a new design of insulator if a valid test certificate is
available on an insulator of equivalent design and same manufacturing process. The
meaning of equivalent design is given in the relevant clauses when applicable. The resuits
of type tests are certified either by test certificates accepted by the purchaser or by test
certificates confirmed by a qualified organization.

For mechanical tests, the certificate shall be valid for ten years from the date of issue.

There is no time limit for the validity of certificates for electrical type tests.

Within the above limits, the type test certificates remain valid while there is no significant
disparity between the results of the type tests and subsequent corresponding sample
tests. A method for comparing type and sample test results is given in annex A.

Type tests shall be carried out only on insulators from a lot which meets the requirements
of all the relevant sample and routine tests not included in the type tests.
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6.2 Sample tests

Sample tests are carried out to verify the characteristics of an insulator which can vary
with the manufacturing process and the quality of the component materials of the
insulator. Sample tests are used as acceptance tests on a sample of insulators taken at
random from a lot which has met the requirements of the relevant routine tests.

NOTE - The acceptance coefficients and sample sizes used in this part of IEC 383 for the statistical
evaluation of results by variables have been chosen to reproduce as closely as possible the operating
characteristic (OC) curves of the method by attributes used in former editions of IEC 383 for usual lot
sizes. For other lot sizes, the OC curves will be different. Further information on the statistical evaluation of
test results and calculation of OC curves can be found in ISO 2859-1974, /1-1989, /2-1985: Sampling
procedures and tables for inspection by attributes and 1SO 3951-1981: Sampling procedures and charts for
inspection by variables for percent defective. IEC 591 gives methods for statistical evaluation of test results
on insulator units.

6.3 Routine tests

Routine tests are intended to eliminate defective units and are carried out during the
manufacturing process. Routine tests are carried out on every insulator.

NOTES

1 When, in certain cases, the type, sample and routine tests are carried out as a whole on a new design
of insulator, they are referred to as "prototype tests".

2 Only routine tests applicable to complete insulators are considered in this part. The choice of routine
tests carried out on unassembled insulators is left to the manufacturer as they are most often carried out
during the manufacturing process.

7 Quality assurance

A quality assurance programme taking into account the requirements of this part can be
used, after agreement between the purchaser and the manufacturer, to verify the quality of
the insulators during the manufacturing process.

NOTE - Detailed information on the use of quality assurance is given in the following ISO standards:
ISO 9000-1987: Quality management and quality assurance standards guidelines for selection and use.

1SO 9001-1987: Quality systems — Model for quality assurance in design/development, production, installa-
tion and servicing.

ISO 2002-1987: Quality systems — Model for quality assurance in production and installation.

ISO 9003-1987: Quality systems — Model for quality assurance in final inspection and test.

1SO 9004-1987: Quality management and quality system elements — Guidelines.

ISO 9002-1987 is a recommendable guideline for a quality system for insulators.

Certain well established national standards for quality assurance programmes are also
available.
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8 Procedures for type and sample tests

8.1 Insulator selection for type tests

The quantity of insulators to be tested for each test, as indicated in the cross-reference
table in the relevant section (6, 7, 8 or 9), shall be taken from a lot of insulators which
meets the requirements of all the relevant sample and routine tests.

NOTE - This selection is normally carried out by the manufacturer.

8.2 Sampling rules and procedures for sample tests

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

Sample size

Lot size (N
ot size (N) Eq E2

N < 300 Subject to agreement

300< N <2000
2000< N <5000
§000< N <10000 12

The insulators shall be selected at random from the lot. The purchaser has the right to
make the selection.

The samples shall be subjected to the applicable sample tests shown in the
cross-reference table given in the relevant section (6, 7, 8, or 9). In the case of failure of
the sample to satisfy a test, the relevant re-test procedure (see subclause 8.3) shall be
applied.

Insulators which have been submitted to sample tests which may affect their mechanical
and/or electrical characteristics shall not be used in service.

8.3 Re-test procedure for sample tests

When specified in the acceptance criteria, the following re-test procedure applies for
sample tests.

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 part and shall be withdrawn by the manufacturer.

Provided the cause of the failure can be clearly identified, 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 preceded by those
tests which may be considered as having influenced the results of the original test. If any
insulator fails during this re-testing, the complete lot is considered as not complying with
this part.

Section 4: Test procedures for electrical tests

This section gives the test procedures and requirements for electrical testing of the
different types of insulators which fall within the scope of this part of IEC 383. The lists of
tests, mounting arrangements and acceptance constants are given in sections 6 to 9 for
each type of insulator.

9 General requirements for high voltage tests

a) The lightning impulse voltage and power-frequency voltage test procedures shall be
in accordance with IEC 60-1.

b) Lightning impulse voltages shall be expressed by their prospective peak values and
power-frequency voltages shall be expressed as peak values divided by V2 .

¢) When the natural atmospheric conditions at the time of the test differ from the
standard values (subclause 10.1), it is necessary to apply correction factors in
accordance with subclause 10.2. :

d) The insulators shall be clean and dry before starting high-voltage tests.

e) Special precautions shall be taken to avoid condensation on the surface of the
insulators, especially when the relative humidity is high. For example, the insulator
shall be maintained at the ambient temperature of the test location for sufficient time for
thermal equilibrium to be reached before the test starts.

Except by agreement between the purchaser and the manufacturer, dry tests shall not
be made if the relative humidity exceeds 85 %.

f) The time intervals between consecutive applications of the voltage shall be
sufficient to minimize effects from the previous application of voltage in flashover or
withstand tests.
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10 Standard atmospheric conditions and correction factors for electrical tests

10.1  Standard reference atmosphere

The standard reference atmospheric conditions shall be in accordance with IEC 60-1.

10.2 Correction factors for atmospheric conditions

The correction factors shall be determined in accordance with IEC 60-1. If the atmospheric
conditions at the time of test differ from the standard reference atmosphere, then the
correction factors for air density (k,) and humidity (k,) shall be calculated and the product
K = k, x k, determined. The test voltages shall then be corrected as follows:

Withstand voltages (lightning impulse and power frequency)
Applied test voltage = K x specified withstand voltage

Flashover voltages (lightning impulse and power frequency)

Recorded flashover voltage = Measured flai(hover voltage

NOTE - For wet power frequency voltage tests no correction for humidity shall be applied i.e. k, = 1 and
K= k,. .
1

11 Artificial rain parameters for wet tests

The standard wet test procedure described in IEC 60-1 shall be used. The artificial rain
shall be in accordance with the requirements of IEC 60-1.

NOTE - When tests are made on insulators in the horizontal or inclined positions, an agreement shall be
reached between the purchaser and the manufacturer regarding direction of rainfall.

12 Mounting arrangements for electrical tests

The particular mounting arrangements are specified in the section relevant to the type of
insulator to be tested.

13 Lightning impulse voltage tests (type test)

The normal procedure for determining the dry lightning impulse withstand voltage on
single insulators and short standard strings shall be by calculation from the 50 % flashover
voltage level determined by the up and down method described in IEC 60-1.

NOTE - By agreement between purchaser and manufacturer, the withstand voltage may be verified by the
15-impulse method as described in IEC 60-1.
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13.1  Test procedure

The standard 1,2/50 lightning impulse shall be used (see IEC 60-1).
The insulator shall be tested under the conditions prescribed in clauses 9 and 10.

Impulses of both positive and negative polarity shall be used. However, when it is evident
which polarity will give the lower withstand voltage, it shall suffice to test with that polarity.

The number of insulators to be tested shall be in accordance with subclause 8.1.

13.2 Acceptance criteria

The 50 % lightning impulse flashover voltage determined by the above procedure shall be
corrected in accordance with subclause 10.2.

When the test is made on one insulator or on a short standard string, the insulator passes
the test if the 50 % lightning impulse flashover voltage is not less than (1/(1 - 1,3 ¢)) =
1,040 times the specified lightning impulse withstand voltage, where ¢ is the standard de-
viation (assumed equal to 3 %).

When the test is made on three insulator units, the mean value of the three 50 % lightning
impulse flashover voltages is calculated. The insulators pass the test if the mean 50 %
lightning impulse flashover voltage is not less than (1/(1 - 1,3 o)) = 1,040 times the
specified lightning impulse withstand voltage, where ¢ is the standard deviation (assumed
equal to 3 %).

The insulators shall not be damaged by these tests; but slight marks on the surface of the
insulating parts or chipping of the cement or other material used for assembly shall be
permitted.

14 Wet power-frequency voltage tests (type test)

14.1  Test procedure

The test circuit shall be in accordance with IEC 60-1.

The insulator shall be tested under the conditions prescribed in clauses 9 and 10.

The characteristics of the artificial rain shall be in accordance with the requirements of
IEC 60-1.

The test voltage to be applied to the insulator shall be the specified wet power-frequency
withstand voltage adjusted for atmospheric conditions at the time of the test (refer to
subclause 10.2). The test voltage shall be maintained at this value for 1 min.

The number of insulators to be tested shall be in accordance with subclause 8.1.

NOTE - When this test is carried out on insulators for overhead traction lines, the standard frequency of
the test voltage is applicable to insulators intended for use at other frequencies from 0 Hz to 100 Hz.
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14.2 Acceptance criteria

When the test is made on one insulator unit or one standard string, the test is passed if no
flashover or puncture occurs during the test.

When the test is made on three insulator units the test is passed if no flashover or
puncture occurs on any unit.

NOTE - If flashover occurs on any insulator tested, a second test on the same unit may be performed
after verifying the rain conditions.

To provide information when specially requested at the time of order, the wet flashover
voltage of the insulator may be determined by increasing the voltage gradually from
about 75 % of the wet power-frequency withstand voltage with a rate of rise of about 2 %
of this voltage per second. The flashover voltage shall be the arithmetic mean of five
consecutive readings and the value after correction to standard atmospheric conditions
(see subclause 10.2) shall be recorded.

15 Puncture withstand test (sample test, for class B insulators only)

The puncture test may be either a power-frequency puncture withstand test or, by
agreement between the purchaser and the manufacturer, an impulse overvoltage puncture
withstand test. '

15.1  Power-frequency puncture withstand test

The insulators, after having been cleaned and dried, shall be completely immersed in a
tank containing a suitable insulating medium to prevent surface discharges on them. if the
tank is made of metal, its dimensions shall be such that the shortest distance between any
part of the insulator and the side of the tank is not less than 1,5 times the diameter of the
largest insulator shed. The insulating medium temperature shall be at about room
temperature.

It is not possible to define exactly the properties of the insulatinbg medium, but one
desirable propenrty is a slight conductivity (resistivity of the order of 10° Q.mto 108 Q.m).

The test voltage shall be applied between those parts which normally have the operating
voltage between them. During immersion in the insulating medium, precautions shall be
taken to avoid air pockets under the sheds of the insulator.

The test voltage shall be raised as rapidly as is consistent with its value being indicated by
the measuring instrument to the specified puncture voltage. No puncture shall occur below
the specified puncture voltage.

To provide information, and when specially requested at the time of ordering, the voltage
may be raised until puncture occurs and the puncture voltage recorded.

The re-test procedure in subclause 8.3 applies to this test.
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16.2 Impulise overvoltage puncture withstand test

If this test is required, a type 2 technical report gives details and guidance on impulse
overvoltage testing (see IEC XXX, under consideration). '

16 Routine electrical test (only on class B insulators
of ceramic material or annealed glass)

String insulator units and rigid insulators in ceramic material or annealed glass shall be
subjected to a continuously applied alternating voltage.

Rigid insulators shall be placed head downwards in a tank containing water to a depth
sufficient to cover the side conductor groove. The voltage shall be applied between the
tank and the water practically filling the pin hole or cavity of each insulator. Alternatively,
metal electrodes may be used provided the electric stress in the porcelain or glass is not
reduced.

The alternating voltage may be at power-frequency or at high frequency.

When using power-frequency the test voltage shall be applied for three to five consecutive
minutes and shall be sufficiently high to produce sporadic or occasional flashover (every
few seconds).

When using high frequency this shall be a suitably damped alternating voltage with a
frequency between 100 kHz and 500 kHz. The test voltage shall be applied for at least
three consecutive seconds and shall be sufficiently high to cause continuous flashover. A
power-frequency voltage applied to the insulators, or any other suitable means, shall be
used to detect puncture of the insulator either during or after the high frequency test.

Insulators which puncture during the test shall be rejected.

Unless otherwise specified, this test shall be carried out after the mechanical routine test,
in order to eliminate insulators which may have been partially damaged in the mechanical
test.

NOTE - For certain designs of class B rigid insulator, it may not be possible to apply the test described
above. By agreement between the purchaser and the manufacturer at the time of ordering, the test on the
assembled insulator may then be replaced by a test on the insulating components before assembly.

Section 5: Test procedures for mechanical and other tests

This section gives the test procedures and requirements for mechanical testing of the
different types of insulators which fall within the scope of this part of IEC 383. The lists of
tests, mounting arrangements and acceptance constants are given in the relevant section
(6. 7, 8 or 9) for each type of insulator. For the mechanical and other tests, certain test
procedures are common for both the type and sampie tests but the acceptance criteria
may differ.
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17 Verification of the dimensions (type and sample test)

The dimensions of the tested insulators shall be checked in accordance with the relevant
drawings, particularly with regard to any dimensions to which special tolerances apply
(e.g. spacing specified in IEC 305 and IEC 433) and details affecting interchangeability
(e.g. coupling dimensions which form the subject of [EC 120 and IEC 471).

Gauging of ball and socket couplings of string insulator units shall be verified on both E1
and E2 samples, for other dimensions and other types of insulators only the E2 sample
shall be used.

Unless otherwise agreed, a tolerance of:

+(0,04d + 1,5) mm when d < 300 mm and for all lengths of creepage distance,
or
+(0,025d + 6) mm when d > 300 mm

is allowed on all dimensions for which special tolerances do not apply (d being the
checked dimension in millimeters).

The tolerances given above apply to creepage distance, even if it is specified as a
minimum nominal value.

The re-test procedure in subclause 8.3 applies to this test.

18 Electromechanical failing load test (type and sample test)

18.1 Test procedure

This test shall be applied to string insulator units of types such that an internal electrical
discharge will serve to indicate mechanical failure of the insulating part.

The string insulator units shall be subjected individually to a power-frequency voltage and
a tensile load applied simultaneously between the metal parts. The voltage shall be
maintained throughout the test.

The voltage to be applied shall be equal to the value of the specified wet power-frequency
withstand voltage of the short standard string divided by the number of units in the short
standard string.

As regards their essential dimensions, the coupling pieces of the testing machine shall be
in accordance with IEC 120 for insulators with ball and socket couplings and with IEC 471
for insulators with clevis and tongue couplings. For insulators for overhead traction lines
or other special insulators to which this part is applied, special couplings may be
necessary. Coupling pieces of the same strength (standard or reinforced) shall be used in
the type and sample tests.
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The tensile load shall be increased from zero, rapidly but smoothly, up to approximately
75 % of the specified electromechanical failing load and shall then be gradually increased
at a rate of increase between 100 % and 35 % of the specified electromechanical failing
load per minute until the failing load defined in clause 3 is reached and the value
recorded. (The rates indicated correspond to reaching the specified electromechanical
failing load in a time between 15 s and 45 s).

18.2 Acceptance criteria

See subclause 19.4.

19 Mechanical failing load test (type and sample test)

19.1  Test procedure for pin and line post insulators

The pin or line post insulator shall be mounted as specified in the relevant section (6, 7, 8
or 9), and a mechanical bending load shall be applied. The load shall be increased from
zero, rapidly but smoothly, up to approximately 75 % of the specified mechanical failing
load and shall then be gradually increased, at a rate of increase between 100 % and 35 %
of the specified mechanical failing load per minute, until the latter is reached for pin
insulators or until the failing load as defined in clause 3, is reached for line post insulators
(the rates indicated correspond to reaching the specified mechanical failing load in a time
between 15 s and 45 s). The failing load of line post insulators shall be recorded.

19.2  Test procedure for string insulator units

The string insulator units shall be subjected individually to a tensile load applied between
their metal parts.

As regards their essential dimensions, the coupling pieces of the testing machine shall be
in accordance with IEC 120 for insulators with ball and socket couplings and with IEC 471
for insulators with clevis and tongue couplings. For insulators for overhead traction lines
or other special insulators to which this part is applied, special couplings may be
necessary. Coupling pieces of the same strength (standard or reinforced) shall be used in
the type and sample tests.

The tensile load shall be increased from zero, rapidly but smoothly, up to approximately
75 % of the specified mechanical failing load and shall then be gradually increased, at a
rate of increase between 100 % and 35 % of the specified mechanical failing load per
minute until the failing load as defined in clause 3, is reached and the value recorded (the
rates indicated correspond to reaching the specified mechanical failing load in a time
between 15 s and 45 s).

19.3 Acceptance criteria for pin insulators

The insulator passes the test if the specified mechanical failing load is reached without
mechanical failure of the insulating component. Additionally, for insulators with integral
pin, the residual deflection of the insulating component at the point of application of the
test load shall not exceed 20 % of the height of this point above the supporting plane.
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The re-test procedure in subclause 8.3 is applicable to this test for pin insulators.

19.4  Acceptance criteria for string insulator units and line post insulators

From the individual failing loads X obtained during the electromechanical or mechanical
failing load test the mean value X and the standard deviation o,.1 shall be calculated.

The following symbols are used:

SFL : Specified electromechanical or mechanical failing load
X; Mean value of the type test results

_)'(: Mean value of the sample test resuits

7(2_ Mean value of the re-test results

or Standard deviation of the type test results

o, Standard deviation of the sample test results

o, Standard deviation of the re-test results

Co123 - Acceptance constants

A type test is passed, if

A sample test is passed, if
X, 2SFL+ C0,

if SFL + C,0, < 71 < SFL + C,0,, a re-test with the double sample size is permitted in
sample tests.

The re-test is passed, if

X2 > SFL + C302
in which the mean value 72 and standard deviation o, are obtained from the re-test results
only.

If the re-test is not passed the lot is considered as not complying with this part of IEC 383
and an investigation shall be performed in order to find out the causes of failure. (Where a
lot has been divided into smaller lots, and one of the smaller lots does not comply, the
investigation may be extended to the other lots.)

The values of the acceptance coefficients C,, C,, C, and C, to be applied are specified in
clauses 30 and 33 respectively.
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A method of comparison of the results of electromechanical or mechanical type and
sample tests is given in annex A. A complete acceptance schedule for type and sample
tests as well as calculated examples are given in annex B.

NOTE - When calculating the standard deviation o, attention is drawn to the fact that it is the sample
standard deviation where the denominator is n-1.

20 Thermal-mechanical performance test (type test)

20.1 Test procedure

The insulator units shall be subjected to four 24-hour cycles of cooling and heating with a
simultaneously applied tensile load maintained between 60 % and 65 % of the specified
electromechanical or mechanical failing load. Each 24-hour cycle shall start with one cool-
ing period of -30 5 °C followed by one heating period of +40 +5 °C. The tolerances on
the temperatures of the hot and cold cycles shall be respected in such a way as to ensure
a minimum difference of 70 K between the recorded hot and cold temperatures. The
maximum and minimum temperatures shall be maintained for at least four consecutive
hours of the temperature cycle. The rate of temperature change is not of practical
importance and will depend on the test facilities. All temperatures shall be measured on or
near a metallic part of one of the insulators.

The tensile load shall be applied to the insulator unit at room temperature before starting
the first thermal cycle. It shall be completely removed and re-applied at the end of each
heating period, the last one excepted. After the fourth 24-hour cycle, and after cooling to
room temperature, the tensile load shall be removed. The test procedure is schematically
represented in figure 1.

The electromechanical (clause 18) or the mechanical failing load test (clause 19) shall be
carried out on the same day as the tensile load has been removed from the insulator unit.

NOTES

1 The insulator units may be coupled together in series and/or in parallel when subjected to the thermal
cycles and the mechanical load. When coupled in parallel, the insulator units shall be equally loaded.

2 Loose coupling pins, for example those used with insulators of the long rod type, shall not be included
in the mechanical test since they are not part of the internal design of the insulator.

20.2 Acceptance criteria

The acceptance criteria for the electromechanical and mechanical failing load tests shall
be used (see subclause 19.4). If any insulator fails during the cycles of heating and
cooling, the insulators are considered as not complying with this part.
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21 Verification of the axial, radial and angular displacements (sample test)

21.1 Test procedure

The string insulator unit is placed in light tension between suitably mounted coupling
pieces which are in accordance with IEC 120 or IEC 471. In the case of clevis and tongue
couplings it may be necessary to add shims to centre the metal fittings in the couplings.
The two coupling pieces shall be on the same vertical axis and shall be free to rotate.

- For cap and pin insulator units:

The upper mounting piece shall be either a socket or a clevis so that the insulator under
test hangs by its ball or tongue with the cap located by the lower mounting piece. Two
measuring devices A and B are arranged as shown in figure 2a so that they make contact
with the insulating component at the point of maximum diameter and at the tip of the
outermost rib respectively.

The insulator is rotated through 360° and the maximum variation in the readings of the
measuring devices is noted.

NOTE - The variation in the reading of measuring device A will include any variation in the flatness of the
insulating component. Normally acceptable variations will fall within the specified maximum values.
Excessive variations from flatness will result in the variations of the measurements with device A being
above the specified maximum value.

- For long rod insulator units:

The measuring device B is arranged as shown in figure 2b so that it makes contact with
the core of the insulating component as close as possible to the centre of the insulator.

The insulator is rotated through 360° and the maximum variation in the reading of the
measuring device is noted. ‘

In addition, the angular displacement a of the coupling pieces shall be measured by a
suitable method, for example, as in figure 3.

21.2 bAcceptance criteria for cap and pin insulators

The following maximum variations in the readings of the measuring devices are given for
guidance only, mandatory standard values are not yet available:

variation on A: 4 % of the nominal insulator diameter
variation on B: 3 % of the nominal insulator diameter

The re-test procedure in subclause 8.3 applies to this test.
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21.3 Acceptance criteria for long rod insulators

The following maximum variations in the readings of the measuring devices are given for
guidance only, mandatory standard values are not yet available.
- Variation on B:
1.4 % of the insulator length for insulator lengths < 750 mm
1,2 % of the insulator length for insulator lengths > 750 mm

The value of the angular displacement o of the coupling pieces shall not exceed the
following value:

For clevis and tongue couplings: o<4°

For ball and socket caps: a<15°

For other combinations of coupling pieces: o < 15° unless otherwise agreed
between the purchaser and the
manufacturer.

The re-test procedure in subclause 8.3 applies to this test.

22 Verification of the locking system (sample test)

This test is applicable to string insulator units with ball and socket couplings. The test
comprises four parts: '

—~ Conformity of the locking device

- Verification of locking

- Position of the locking device (for split-pin types only)

— Operation test

The re-test procedure in subclause 8.3 applies to these tests.

22.1 Conformity of the locking device

The insulator or fitting manufacturer shall verify that the locking devices conform to the
requirements of IEC 372. This verification shall be confirmed by a test certificate held
available by the insulator manufacturer.

NOTE - M there is no evidence that the locking devices equipping the insulators presented for acceptance
belong to the same lot for which the certificate was established, tests conforming to IEC 372 may be
carried out on a number of locking devices not more than the sample size E2 given in subclause 8.2.

22.2 Verification of locking

The insulators are connected in strings of two units for cap and pin insulators. In the case
of long rod insulators, the insulator unit is assembled with the corresponding ball-link. The
locking device is placed in the locking position. Then, by applying movements comparable
to those experienced in service, the string or ball-link is checked to see that no uncoupling
can occur.
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22.3 Position of the locking device

For split-pin types, the locking position for the legs is checked to see that they do not
protrude beyond the entry of the socket and that it is possible to introduce a sharp tool of
half the eye diameter into the eye, to pull the split-pin from the locking position to the
coupling position.

NOTES

1 See IEC 372 for an illustration of coupling and locking positions.

2 In the case of split-pin types, attention is drawn to the fact that excessive impact on the head of the pin
during placement in the locking position may cause deformation to the extent that the locking capability is
affected. Care must also be taken that the functioning of the split-pin is not affected by deformation caused
during opening out of the tips.

3 For standard coupling 11, split-pin legs can extend beyond the socket entry by not more than 5 mm.

22.4 Procedure for the operation test

The locking device is placed in the locking position.
For split-pin types:

By means of an appropriate device, a tensile load F is applied to the eye of the split-pin
along this axis.

For W-clips:

By means of a steel bar having a rectangular cross-section dimension of Fgx T (for these
dimensions see IEC 372), a load F is applied to the two rounded extremities of the clip,
along its axis.

The load is gradually increased until the locking device moves to the coupling position.
The operation from the locking to the coupling position shall be carried out three times in
succession. The load F which causes the locking device to move from the locking to the
coupling position is noted for each operation. After this, a load F__ , as shown in the
acceptance criteria below, shall be applied without causing complete removal of the
locking device from the socket.

22.5 Acceptance criteria for the operation test

The values of the load F for the three operations shall lie between the values of F_,
and F__. given below:

Split-pins W-clips
— for standard coupling 11 Feoin =30 N Frin=25N
Frax =300 N Fax =250 N
— for standard coupling Fein = 50N Frin =25 N
16A-16B, 20, 24 Frax = 900N Frax = 250N
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NOTES

1 In the case of split-pins made from very hard rust-resisting steels, loads of 300 N and 500 N may
sometimes be insufficient to cause movement from the locking to the coupling position. By agreement
between the purchaser and the manufacturer, higher value for F, (up to 650 N for standard couplings 16
to 24) may be specified if the live-line working methods used permit such higher loads.

2 For standard couplings 28 and 32, the values F_. and F, ax &re to be agreed between the purchaser

in
and the manufacturer. For guidance, the following vaTues are given: Fmin =100 N, Fmax =650 N.

23 Temperature cycle test (sample test)

23.1 Test procedure for string insulator units, pin insulators and
line post insulators composed of ceramic material

Insulators of ceramic materials with their integral metal parts, if any, shall be quickly and
completely immersed, without being placed in an intermediate container, in a water bath
maintained at a temperature 70 K higher than that of the cold bath used in the rest of the
tests and left submerged for a duration 7 expressed in minutes:

T =15 + 0,7 m min with a maximum of 30 min for class A insulators (where m is the
mass of the insulator in kilograms);

T = 15 min for class B insulators.

They shall be withdrawn and quickly and completely immersed, without being placed in an
intermediate container, in the cold water bath where they shall remain submerged for the
same time. This heating and cooling cycle shall be performed three times in succession.
The time taken to transfer from either bath to the other shall be as short as possible and
not exceed 30 s.

On completion of the third cycle, the insulators shall be examined to verify that they have
not cracked, and shall then be subjected to the following test where applicable:

Class A insulators for which a routine mechanical test is specified:
for 1 min to a mechanical load equal to 80 % of the specified mechanical failing load;

Class B insulators:

for 1 min to a power-frequency test according to the procedure described in clause 16.

23.2 Test procedure for string insulator units, pin insulators and
line post insulators composed of annealed glass

Insulators of annealed glass with their integral metal parts, if any, shall be quickly and
completely immersed, without being placed in an intermediate container, in a water bath
maintained at a temperature of 8 K higher than that of the artificial rain which is used later
in the test and left submerged for a period of 15 min in this bath. They shall then be
withdrawn and quickly exposed for 15 min to artificial rain of intensity 3 mm/min without
other specified characteristics.

The heating and cooling cycle shall be performed three times in succession. The time
taken to transfer from the hot bath to the rain or inversely shall not exceed 30 s.
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The ability of annealed glass to withstand a change of temperature is dependent on a
number of factors, one of the most important being its composition. Therefore, the
temperature 6 shall be determined by agreement between the purchaser and the
manufacturer.

On completion of the third cycle, the insulators shall be examined to verify that they have
not cracked, and shall then be subjected to the following test:

Class A insulators for which a routine mechanical test is specified:

for 1 min to a mechanical load equal to 80 % of the specified mechanical failing load;

Class B insulators:
for 1 min to a power-frequency test according the procedure described in clause 16.

23.3 Special test procedure for insulators with thick sections or very large insulators

For very large insulators or insulator units with thick sections, the tests described in
subclauses 23.1 and 23.2 above may be too severe and a test of reduced severity may
then be applied by agreement between the purchaser and the manufacturer; 50 K is the
temperature change generally suitable for this test. For this purpose, very large rigid
insulators or string insulator units shall be considered as those having one of the following
dimensions: ’ ’

L > 1200 mm L = length of insulator

D°L > 80x10%°mm® D = greatest external diameter

d > 90 mm d = core diameter for solid core insulators (See
figure 4a).

] > 25 mm ¢ = the greatest thickness defined by the

diameter of the greatest circle which can be
inscribed within the outline of a section
through the axis of the insulator (see figure
4b).

23.4 Complementary specifications

a) For the above tests, the quantity of water in the test tanks shall be sufficiently large
for the immersion of the insulators not to cause a temperature variation of more
than 5 K in the water.

b) The restriction against using an intermediate container does not exclude the use of
a wire mesh basket having a low thermal mass and giving free access for the water.

23.5 Acceptance criteria

The insulators shall withstand this test without cracking or puncture or mechanical
breakage. The re-test procedure in subclause 8.3 applies to this test.
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24 Thermal shock test (sample test)

24.1 Test procedure

The insulators shall be quickly and completely immersed in water at a temperature not
exceeding 50 K, the insulators having been heated by hot air or other suitable means to a
uniform temperature at least 100 K higher than that of the water.

The insulators shall remain in the water for at least 2 min.

24.2 Acceptance criteria

The insulators shall withstand this test without breakage of the insulating component. The
re-test procedure in subclause 8.3 applies to this test.

25 Porosity test (sample test)

25.1 Test procedure

Ceramic fragments from the insulators or, by agreement, from representative pieces of
ceramic fired adjacent to the insulators, shall be immersed in a 1 % alcohol solunon of fuchsin
(1 g fuchsin in 100 g methylated spirit) under a pressure of not less than 15 x 10 & N/m? for a
time such that the product of the test duratlon in hours and the test pressure in newtons per
square meter is not less than 180 x 10°.

The fragments shall then be removed from the solution, washed, dried and then again broken.

25.2 Acceptance criteria

Examination with the naked eye of the freshly broken surfaces shall not reveal any dye
penetration. Penetration into small cracks formed during the initial breaking shall be
neglected. The re-test procedure in subclause 8.3 applies to this test.

26 Galvanizing test (sample test)

Unless otherwise specified below, the following ISO standards are applicable for the
performance of this test:

ISO 1459 (E), ISO 1460 (E), ISO 1461 (E), ISO 1463 (E), ISO 2064 (E), 1ISO 2178 (E).

NOTE - Although it is difficult to give a general recommendation, it is possible to satisfactorily repair the
zinc coating on small areas, damaged for instance by excessively rough treatment: the repair should be
carried out preferably by means of low melting point zinc alloy repair rods made for this purpose. The
thickness of the renovated coating should be at least equal to the thickness of the galvanized layer. The
maximum size of the area for which such repair is acceptable will depend, to some extent, on the kind of
ferrous part and its dimensions, but for general guidance an area of 40 mm? is suggested as being
suitable, 100 mm? being the maximum for large insulator fittings. Nevertheless, repair of damaged coating
is permitted only in exceptional cases on minor faults, and after agreement between the purchaser and the
manufacturer. It should be noted that repair by means of repair rods is possible only on loose ferrous parts,
because the temperature of the ferrous part during this treatment would be too high to permit this method
to be used on complete insulators.
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26.1 Test procedures

The ferrous parts of the insulators shall be submitted to the appearance test followed by
determination of the coating mass using the magnetic test method. In case of difference of
opinion about the results using the magnetic method, a decisive test shall be done:

— either by the gravimetric method for castings and forgings and for washers by
agreement; in this case the requirements of ISO 1460 are used;

— or by the microscopical method for bolts, nuts and washers; in this case, the
requirements of ISO 1463 are used.

NOTE - By agreement between the purchaser and the manufacturer at the time of ordering, other test
methods can be used, for instance the test by immersion in copper sulphate solution or the gazometric
method. The agreement shall determine the choice of one method, its application and the general testing
conditions. There exist many bibliographic references to describe the test method for measuring the
continuity of a zinc coating by immersion in a copper sulphate solution.

26.1.1 Appearance

The parts shall be submitted to a visual inspection.

26.1.2 Determination of the coating mass by the magnetic test method

This test shall be made under the conditions prescribed in ISO 2178, in particular
clause 3: Factors affecting the measuring accuracy; and clause 4: Calibration. These
clauses are very important in order to obtain accurate measurements.

On each sample to be tested, three to ten measurements shall be carried out according to
its dimensions. These measurements shall be uniformly and randomly distributed over the
whole sample, avoiding edges and sharp points.

NOTE - The determination of the coating mass by the magnetic method is non-destructive, simple, quick,
sufficiently exact, and in most cases adequate. Therefore this method is specified as the basic test.

26.2 Acceptance criteria
26.2.1  Acceptance criteria for the appearance test

The coating shall be continuous, as uniform and as smooth as possible (in order to
prevent injury during handling) and free from anything that is detrimental to the stated use
of the coated object (see subclause 5.4.2 of ISO 1459).

Small uncoated spots are permissible. The maximum area of one uncoated spot may be
4 mm2, but the whole uncoated surface shall be not more than 0,5 % of the approximate
total surface of the metal part with a maximum of 20 mm?.

The coating shall be sufficiently adherent to withstand handling consistent with the normal
use of the article, without peeling or flaking.

The re-test procedure in subclause 8.3 applies to this test.

NOTE - Parts with screw-threads are galvanized after threading. Nuts, etc., are tapped and protected
after galvanizing, unless otherwise agreed between the purchaser and the manufacturer.
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26.2.2 Acceptance criteria for the value of coating mass

The coating mass value given by the arithmetic average of measurements shall be not
less than that specified below.

The following standard minimum values are applicable unless purchaser and manufacturer
have agreed beforehand on higher values (e.g. 500 g/m® as an average value on any
individual sample for bolts, nuts and washers) if these materials are to be used in
unusually severe conditions.

Minimum average coating mass:

— for iron and steel castings and forgings:

600 g/m2 for all samples, with 500 g/m2 on any individual sample;
— for bolits, nuts and washers:

375 g/m2 for all samples, with 300 g/m2 on any individual sample.

NOTE - For guidance, the approximate thicknesses equivalent to the above values are:

600 g/m? = 85 ym
500 g/m? = 70 pm
375 g/m® = 54 ym
300 g/m2 =43 ym

However, if the average value for all samples is satisfactory and if the average value of
only one individual sample is not satisfactory, a re-test is made by the same procedure
according to subclause 8.3. If the result on each individual sample is satisfactory, but the
average value for the samples is not satisfactory, a decisive test should be made by either
the gravimetric or the microscopical method (see subclause 26.1).

27 Routine visual inspection

Each insulator shall be examined. The mounting of the metallic parts on the insulating
parts shall be in accordance with the drawing.

27.1 Insulators with ceramic insulating parts

The colour of the insulator shall correspond approximately to the colour specified on the
drawing. Some variation in the shade of the glaze is permitted and shall not justify
rejection of the insulator. This is valid also for areas where the glaze is thinner and
therefore lighter, for example, on edges with small radio.

The areas to be glazed, as specified on the drawing, shall be covered by a smooth and
shining hard glaze free from cracks and other defects prejudicial to satisfactory
performance in service.

Glaze defects are spots without glaze, chips, inclusions in the glaze and pinholes.

The tolerances on visual defects indicated below apply to each insulator unit.
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The total area of glaze defects on each insulator unit shall not exceed:

Dx F mm2
2000

100 +

The area of any single glaze defect shall not exceed:

+ Dx F mm2
20 000

50

where D is the greatest diameter of the insulator, in millimeters, and F is the creepage
distance of the insulator, in millimeters.

Glaze defects are not aliowed on the core of solid core long rod insulators.

On the core of other solid core insulators single spots without glaze shall not exceed
25 mm?. Inclusions in the shed glaze (for instance sagger dirt on the upper shed) shall not
exceed a total area of 25 mm? nor shall any single inclusion protrude more than 2 mm
from the surface.

Accumulations of inclusions (for example, grains of sand) are considered as a single glaze
defect. The area of their surrounding envelope shall be included in the total area of glaze
defects. :

Very small pinholes, of less than 1,0 mm, diameter (for example, those caused by
particles of dust during glazing) shall not be included in the total area of glaze defects.
However, in any area of 50 mm x 10 mm the number of pinholes shall not exceed 15.
Furthermore, the total number of pinholes on the insulator unit shall not exceed:

Dx F
1500

50 +

where D and F are defined above.

27.2 Insulators with glass insulating parts

The insulating parts shall have no surface defects, such as folds and blowholes,
prejudicial to satisfactory performance in service and there shall be no bubbles in the
glass greater than 5 mm in diameter.

28 Routine mechanical test

28.1  Routine mechanical test on line post insulators

A mechanical routine test is only required for line post insulators whose nominal height is
more than 600 mm. The insulator to be tested shall be adequately fixed, and a cantilever
load of 50 % of the specified failing load shall be applied to the top of the insulator in four
mutually perpendicular directions, each for a duration of at least 3 s.
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Insulators which break or the metal parts of which are fractured or detached during the
test shall be rejected.

NOTE - For certain types of insulators made from ceramic material an ultrasonic test after the mechanical
routine test may be useful for detecting hidden defects in the insulating material.

28.2 Routine mechanical test on string insulator units

Class A string insulator units shall be subjected for at least 1 min to a tensile load equal to
80 % of the specified mechanical failing load.

Class B string insulator units shall be subjected for at least 3 s to a tensile load equal to
50 % of the specified electromechanical failing load.

Insulators which break or whose metal parts are fractured or become detached during the
test shall be rejected.

NOTE - For certain types of insulators made from ceramic material an ultrasonic test after the mechanical
routine test may be useful for detecting hidden defects in the insulating material.

Section 6: Pin insulators

The following tests are applicable to pin insulators. Certain tests are applicable only to
certain classes of insulator or materials. To determine the tests which are applicable to pin
insulators, reference should be made to the cross-reference table (table 1).

The numbers on the first line in each square represent the quantity of insulators to be
submitted to each test; the codes E1 and E2 correspond to the references given to the
samples in subclause 8.2. The second line in each square (figures in italics) indicates the
clauses and/or subclauses which are applicable to the insulator and test in question.

The applicable type tests are to be performed once only for a given insulator (see
subclause 6.1 for more details). No comparison of type and sample test results can be
satisfactorily made for the mechanical failing load test on pin insulators.

The applicable sample tests are performed on the samples E1 or E2 as indicated in the
cross-reference table. The sizes of these samples shall be determined in accordance with
subclause 8.2. The sample tests shall be performed in the order indicated below; however,
it is possible to carry out the tests which apply only to sample E1 (or E2) before those
which apply to the other sample, after having carried out those tests which apply to both
samples.

The applicable routine tests shall be performed on every insulator.

Mounting arrangements specific to pin insulators are given in clause 29.
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Table 1- Cross-reference table for pin insulators

Insulator type Pin insulators
Material Ceramic material | Annealed glass | Toughened glass
Class A B A B A B
Verification of the dimensions 5 5 5 5 5 5
< 17 ‘ >
TYPE Dry lightning impulse withstand 3 l 3 I 3 | 3 I 3 I 3
TESTS voltage test € 13, ) 29,1 29,2 35 —>
H 1 i L
Wet power-frequency withstand 3 l 3 l 3 I 3 | 3 I 3
voltage test € 14, 29,1 29,2 35 —>
Mechanical failing load test 5 I 5 ] 5 I 5 | 5 I 5
<€<—- 19,1 19,3 29,3 -
! ! { il
Verification of the dimensions E2 E2 ! E2 I E2 I E2 | E2
< 7 >
Temperature cycle test E1&E2 |E1&E2 |E1 &E2 I E1&E2
€— 231 —> | €— 232 —>
SAMPLE Mechanical failing load test E1 E1 3] | E1 E1 E1
TESTS €< 19,1, 19,3, 29,3 —m—>
Thermal shock test ‘ E2 E2
: . <« 24 —>
Puncture withstand test E2 E2 E2
<15 <15> <15
Porosity test Et Et
<« 25 —>
Galvanizing test ) E2 E2 E2 E2 E2 E2
< 26 >
ROUTINE Routine visual inspection All All All [ All All I All
TESTS < 27 >
Routine electrical test All All
<16> <16>

) When applicable.

29 Mounting arrangements for tests on pin insulators

29.1 Standard mounting arrangement for electrical tests

Depending on the type of pin insulator (clause 3), two mounting arrangements on to the
supporting cross-arm are used.

— For pin insulators where the insulating component in service is supported without
contact with the supporting structure:

The test specimen shall be mounted on a vertical metal pin of approximately 25 mm
diameter of such length that the shortest dry-arcing distance from the upper electrode
and/or connected metallic parts to the supporting cross-arm shall be 25 % to 50 %
greater than the similar distance to the pin. The pin shall be coaxial with the test
specimen. If the insulator has an integral pin, this shall be used.

© STANDARDS MALAYSIA 2013 - All rights reserved



MS IEC 60383-1:2013 -73-

- For pin insulators where the insulating component in service is in contact with the
supporting structure (pin post):

The test specimen shall be attached direct to the supporting cross-arm.

Unless otherwise specified, the supporting cross-arm shall be a horizontal, straight,
smooth, earthed, metallic tube or structural member having a horizontal width not less
than 76 mm and not more than 152 mm. It shall be placed at least 1 m above the ground.

A conductor not less than 13 mm diameter placed at right angles to the supporting cross-
arm and extending in both directions at least twice the insulator height beyond the top
shed shall be secured as nearly as possible horizontally in the side groove of the
insulator. It shall be secured by means of a metallic wire of approximately 2,5 mm
diameter wrapped around the conductor of a length approximately twice the diameter of
the top shed and extending equally on each side of the insulator. It shall be of such length
that flashover does not occur at its ends. For wet tests the conductor shall be placed so
that it is normal to the rain direction and on the side of the insulator nearest the artificial
rain spray equipment.

No other object shall be nearer to the insulator than 1 m or 1,5 times the height of the
insulator, whichever, is the greater.

If the insulator is provided with a clamp, the conductor shall be placed in the clamp.
The test voltage shall be applied between the conductor and earth.

29.2 Mounting arrangements for electrical tests reproducing service conditions

When so agreed at the time of ordering, electrical tests on pin insulators may be made
under conditions that reproduce service conditions as closely as possible. The extent to
which service conditions are reproduced shall be agreed between the purchaser and the
manufacturer, taking into account all factors which may influence the results obtained.

NOTE - Under these non-standard conditions, the characteristics may differ from the values measured
using the standard method of mounting.

29.3 Mounting arrangement for the mechanical failing load test

If pin and insulating component can be separated, the insulator shall be mounted on a
rigidly fixed pin capable of withstanding the specified mechanical failing load without
appreciable deformation.

For insulators with integral pin, the test shall be carried out on the complete insulator.

The mechanical load shall be applied perpendicularly to the axis of the insulator in the
plane of the conductor by means of a wire rope encircling the side groove. The wire rope
shall be placed in such a way that localized stresses in the side groove of the insulator are
avoided. If the insulator is supplied with a clamp, the mechanical load shall be applied in a
manner to best reproduce service stresses.
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‘Section 7: Line post insulators

The following tests are applicable to line post insulators. Certain tests are applicable only
to certain classes of insulators or materials. To determine the tests which are applicable to
line post insulators, refer to the following cross-reference table (table 2).

The numbers on the first line in each square represent the quantity of insulators to be
submitted to each test; the codes E1 and E2 correspond to the references given to the
samples in subclause 8.2. The second line in each square (figures in italics) indicates the
clauses and/or subclauses which are applicable to the insulator and test in question.

The applicable type tests, as indicated in the cross-reference table below, are to be
performed once only for a given insulator (see subclause 6.1 for more details).

The applicable sample tests are performed on the samples E1 or E2 as indicated in the
cross-reference table. The sizes of these samples shall be determined in accordance with
subclause 8.2. The sample tests shall be performed in the order indicated below; however,
it is possible to carry out the tests which apply only to sample E1 (or E2) before those
which apply to the other sample, after having carried out those tests which apply to both
samples.

The applicable routine tests shall be performed on every insulator.

Mounting arrangements specific to line post insulators are given in clause 31.

30 Coefficients for statistical analysis of the test results on line post insulators

30.1 Coefficient for type tests

The following coefficient shall be used for the analysis of the type test results of the
mechanical failing load test on line post insulators:

C,=12
30.2 Coefficients for sample tests

The following coefficients shall be used for the analysis of the sample test results of the
mechanical failing load test on line post insulators:

Sample size (E1)
Coefficients 4 8 12
C, 1 1,42 1.7
c, 0.8 1,2 1,5
Cq ' 1 1,42 1.7
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Table 2 - Cross-reference table for line post insulators

Insulator type |’ Line post insulators

Material Ceramic material | Annealed glass | Toughened glass

Height " | H<600 | H>600| H<600| H>600|H<600|H>600

Class A2 A A? A A? A
Verification of the dimensions 5 5 5 5 5 5
< 17 >
TYPE Dry lightning impuise withstand 3 ‘ 1 I 3 I 1 l 3 | 1
‘TESTS voltage test <—- 13, 31,1 31,2 35 —>
i 1 1 1 i
Wet power-frequency withstand 3 ‘ 1 I 3 l 1 l 3 l 1
voltage test C—— 14, 31,1 31,2 35 —>
Mechanical failing load 5 ] 5 | s ] s | s l 5
test <— 19,1 19,4 30,1 31,3 —>
1 | 1 | 1
Verification of the dimensions E2 | E2 l E2 I E2 | E2 I E2
< 17 - >
Temperature cycle test Et & E2 J E1&E2 |E1 & EZJ E1&E2 | I ‘
< 231 —> '€ 232 —>
SAMPLE Mechanical failing load test E1 I E1 | E1 l E1 | Et | Et
TESTS <— 19,1, 19,4, 30,2 31,3 —>
Thermal shock test E2 E2
<«— % —>
Porosity test E1 Et
<« 25 —>
Galvanizing test " E2 | E2 E2 E2 B2 | ez
< 26 >
| ! | | |
ROUTINE Routine visual inspection All I All I All l All I All I All
TESTS < 27 >
Routine mechanical test All All All
28,1 28,1 28,1

' H is the nominal overall height in millimeters (see IEC 720).

2) -Class B line post insulators shall be submitted to the tests applicable to class B pin insulators (see
section 1).

31 Mounting arrangements for tests on line post insulators

31.1 Standard mounting arrangement for electrical tests

The insulator shall be mounted in an upright position at the centre of a horizontal earthed
metallic structure made from an inverted U channel. This metallic structure shall have a
width approximately equal to the diameter of the base of the insulator under test and shall
have a length at least equal to twice the insulator height. It shall be placed at least 1 m
above the ground. ‘
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No other object shall be nearer to the insulator than 1 m or 1,5 times the height of the
insulator, whichever is the greater.

A conductor not less than 13 mm diameter placed at right angles to the supporting
cross-arm and extending in both directions at least twice the insulator height beyond the
top shed shall be secured as nearly as possible horizontally in the side groove of the
insulator. It shall be secured by means of a metallic wire of approximately 2,5 mm
diameter wrapped around the conductor for a distance of approximately twice the diameter
of the top shed and extending equally on each side of the insulator. It shall be of such
length that flashover does not occur at its ends. For wet tests the conductor shall be
placed so that it is normal to the rain direction and on the side of the insulator nearest the
artificial rain spray equipment.

If the insulator is provided with a clamp, the conductor shall be placed in the clamp.
The test voltage shall be applied between the conductor and earth.

31.2 Mounting arrangements for electrical tests reproducing service conditions

When so agreed at the time of ordering, electrical tests on line post insulators may be
made under conditions that reproduce service conditions as closely as possible. The
extent to which service conditions are reproduced shall be agreed between the purchaser
and the manufacturer, taking into account all factors which may influence the results
obtained.

NOTE - Under these non-standard conditions, the characteristics may differ from the values measured
using the standard method of mounting.

31.3 Mounting arrangement for the mechanical failing load test

Line post insulators shall be mounted on a rigidly fixed frame capable of withstanding
without appreciable deformation the loads to which it will be subjected during the test. The
same strength attachment stud or bolt(s) shall be used in type and sample tests. If the
stud or bolt(s) are separable, the strength of these parts can be increased when testing for
the failing load of the line post insulator.

The mechanical load shall be applied perpendicularly to the axis of the insulator and to the
axis of the conductor. For insulators without metal fittings at the top, the load shall be
applied by means of a wire rope encircling the side groove. The wire rope shall be placed
in such a way that localized stresses in the side groove of the insulator are avoided. For
insulators provided with metal fittings at the top, the load shall be applied to these fittings.
If the insulator is provided with a clamp, the mechanical load shall be applied in a manner
that best reproduces service stresses.
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Section 8: String insulator units

The following tests are applicable to string insulator units. Certain tests are applicable only
to certain classes of insulators or materials. To determine the tests which are applicable to
string insulator units, refer to the following cross-reference table (table 3). The numbers
on the first line in each square represent the quantity of insulators to be submitted to each
test; the codes E1 and E2 correspond to the references given to the samples in
subclause 8.2. The second line in each square (figures in italics) indicates the clauses
and/or subclauses which are applicable to the insulator and test in question.

The applicable type tests, as indicated in the cross-reference table below, are to be
performed once only for a given insulator or insulator of equivalent design (see subclause
6.1 and clause 32 for more details).

The applicable sample tests are to be performed on the samples E1 or E2 as indicated in
the cross-reference table. The sizes of these samples shall be determined in accordance
with subclause 8.2. The sample tests shall be performed in the order indicated below;
however it is possible to carry out the tests which apply only to sample E1 (or E2) before
those which apply to the other sample after having carried out those tests which apply to
both samples.

The applicable routine tests shall be performed on every insulator supplied.

Mounting arrangements specific to string insulator units are given in clause 34.

32 Prescriptions concerning type tests on string insulators

32.1 Electrical type tests on string insulators

The electrical type tests which are performed on a short standard string are intended to
give a comparison of performance, on a standard basis, of different string insulator units,
taking into account the effect of the presence of adjacent units. The specified performance
and the test results obtained on short standard strings shall be expressed in kV/m.

NOTE - The specified performance and test results obtained on short standard strings cannot necessarily
be extended on a linear basis to longer strings. However, if the withstand voltage test is made on two short
strings of different lengths (e.g. 1 m and 2 m), then the results may be linearly interpolated to provide
information on the performance of strings whose lengths lie between the two lengths tested.

With reference to subclause 6.1, an electrically equivalent insulator unit is a type made in
the same factory, with the same materials, and by the same process and has, in addition,
the following characteristics:

— for long rod insulators:

« nominal core diameter is the same or smaller

¢ nominal shed spacing is the same within £5 %
¢ shed projection is the same within £ 5 %

» shed profile is the same.
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— for cap and pin insulators:

e the insulating component is the same
¢ the nominal spacing is the same within £ 5 %.

32.2 Mechanical type tests

With reference to subclause 6.1, a mechanically equivalent insulator unit is a type made in
the same factory, with the same materials, by the same process, and having the same
strength class, the same coupling size and the same design of connection between
insulating components and metal parts. In addition it has the following characteristics:

— for long rod insulators:
e nominal core diameter is the same
 nominal shed spacing is the same or larger
e nominal shed projection is the same or smaller
» nominal creepage distance is the same or smaller
+ nominal arcing distance is the same or smaller.
— for cap and pin insulators:
¢ nominal diameter is the same or smaller
 nominal creepage distance is the same or smaller.

33 Coefficients for statistical analysis of the test results on string insulators

33.1 Coefficient for type tests

The following coefficient C, shall be used for the analysis of the type test results of the
mechanical failing load, the electromechanical failing load, and thermal-mechanical
performance tests on string insulators:

Sample size = 5
Co=1.2
Sample size = 10
C,=0.72
33.2 Coefficients for sample tests

The following coefficients shall be used for the analysis of the sample test results of the
mechanical failing load, the electromechanical failing load and thermal-mechanical
performance tests on string insulators:

Sample size (E1)
Coefficients 4 8 12
c, 1 1,42 1,7
C, 0,8 1,2 1,5
Cy 1 1,42 1,7
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Table 3 - Cross-reference table for string insulator units

Insulator type

String insulator units

Sub-type Cap and pin Long rod
Material Ceramic | Toughened Ceramic material
material glass
Class B B A B
Verification of the dimensions 10 10 17 10 10
Dry lightning impulse withstand 1SsY l 1sst l 1 or S§2 l 1 or SS?
voltage test € 13,34,35 —————>
TYPE Wet power-frequency withstand 188" | 1ss” | 10r ss? ! 10rss?
TESTS voltage test €«———— 14,34, 35 ——>
Electro-mechanical failing 10 5
load test <18, 33, 1> <18, 33, 1>
Mechanical failing load test 10 5
< 19,2, 19,4, 33,1>
Thermal-mechanical 10 10 I 5 5
performance test €« 20, '33, ] —>
Verification of the dimensions % E1&E2 | EtaE2 | E1&E2 | E1&E2
< 7 . >
Verification of the E1&E2 | E1&E2 | E1&E2 | E1&E2
displacements < 21 - >
Verification of the E2 E2 | 2 | E2
locking system 4) < 22 - >
SAMPLE Temperature cycie test E1 &E2 E1&E2 | E1&E2
TESTS <« 23,1 —> < 23,1 >
Electro-mechanical failing E1 E1t
load test <18, 33,2> <18, 33,2>
Mechanical failing load test E1 E1
<19,2, 19,4, 33,2>
Thermal shock test E2
<« 24 —>
Puncture withstand test E2 E2 E2
15 > <« 15—
Porosity test E1 E1 E1
<« 25 —> < 25 >
Galvanizing test ) E2 E2 E2 I E2
Routine visual inspection All | All I Ali | All
ROUTINE N 27 >
TESTS Routine mechanical test All LA | Al | Al
< 28 >
Routine electrical test All All
<16 —> <« 16 —>

1)
2)
3)

4 When applicable.

1SS = Test to be carried out on one short string.
1 or 8S = Test to be carried out either on one insulator or on one short string.
E1 and E2 for coupling gauging, other dimensions E2 only. See clause 17.
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34 Mounting arrangements for electrical tests on string insulator units

The mounting arrangements as detailed are applicable to electrical tests on:

— short standard strings consisting of cap and pin units or long rod units;

-~ long rod string insulator units greater than 1 m in length or long rod units intended
for use as a string.

The string insulator unit or insulator string shall be suspended vertically by means of an
earthed wire rope or other suitable conductor from a supporting structure. The distance
between the uppermost point of the insulator metalwork and the supporting structure shall
be not less than 1 m. No other object shall be nearer to the insulator than 1,5 times the
length of the insulator string.

A length of conductor in the form of a straight, smooth metal rod or tube shall be attached
to the lower integral fitting of the string insulator unit or insulator string so that it lies in a
horizontal plane. The distance from the lowest shed of the porcelain or glass part to the
upper surface of the conductor shall be as short as possible but greater than 0,5 times the
diameter of the lowest insulator.

The diameter of the conductor shall be 25 mm.
The length of the conductor shall be 3 m.

Precautions shall be taken to avoid flashover from the ends of the conductor.

The test voltage shall be applied between the conductor and earth.
Section 9: Insulators for overhead electric traction lines

As stated in the introduction, there is no cross-reference table for insulators for overhead
electric traction lines, as these insulators are usually of one of the other three types
indicated. The tests applicable to this corresponding type of insulator shall be performed
together with the combined bending/tensile test, when applicable.

Mounting arrangements specific to insulators for overhead electric traction lines are given
below. Otherwise the requirements for the type of insulator in sections 6, 7 or 8 shall

apply.

In addition to the tests normally required, a bending and tensile test may be necessary for
insulators which are submitted to such forces in service. The performance of this test shall
be subject to agreement between the purchaser and the manufacturer at the time of
ordering. In the same way, the test procedure, mounting arrangements and acceptance
criteria shall also be agreed between manufacturer and purchaser.
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35 Mounting arrangements for electrical tests on insulators
for overhead electric traction lines

35.1 Standard mounting arrangement
— Vertical insulator:

The insulator shall be hung vertically from an earthed support by means of a wire rope or
metal rod. The distance between the top of the insulator cap and the point of support shall
be not less than 1 m. At the lower end of the insulator a metal rod 1 m long shall be
attached to the insulator and maintained in a vertical position.

No object shall be nearer to the axis of the insulator or the end of the metal rod than 1 m
or 1,5 times the length of the insulator, whichever is the greater.

The test voltage shall be applied between the metal rod at the bottom of the insulator and
the earthed point of suspension. ‘

— Horizontal insulator:

The insulator shall be anchored by means of a cable or metal rod connected to earth. The
distance between the outer end of the insulator fitting and the point of anchorage shall be
not less than 1 m. The other end of the insulator shall be provided with a metal rod about
1 m long and the whole arrangement maintained in an approximately horizontal position by
any convenient means.

No object shall be nearer to the axis of the insulator or the end of the metal rod than 1 m
or 1,5 times the length of the insulator, whichever is the greater.

The test voltage shall be applied between the end of the metal rod and the earthed point
of anchorage.

35.2 Mounting arrangement representing service conditions

When so agreed at the time of ordering, tests on insulators for overhead electric traction
lines may be made under conditions that reproduce service conditions as closely as
possible. The extent to which service conditions are imitated shall be agreed between the
purchaser and the manufacturer, taking into account all factors which may influence
insulator performance.

NOTE - Under these non-standard conditions, the characteristics may differ from the values measured
using the standard method of mounting.
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Capots a chape
. Clevis caps
Reégle spéciale pour
mesurer I'alignement .
Special ruler for Eﬁg‘; rf&(gr

measuring the alignment

@0 [ B

Capots a logement de rotule
Socket caps

o

Al

CEI-IEC 474193

Figure 3 — Mesurage du déplacement angulaire
Measurement of angular displacement

CEI-IEC 47593 CEI-IEC 476193
d = diamétre du fit _ @ = épaisseur maximale de l'isolateur
d = core diameter o = the greatest thickness of the insulator
a) Isolateurs a fat long b) Isolateurs a capot et tige
a) Long rod insulators b) Cap and pin insulators

Figure 4 — Epaisseur maximale de P'isolateur
Greatest thickness of the insulator
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Annex A
(informative)

Method of comparison of the results
of electromechanical or mechanical
type and sample tests

In order to verify that the insulators tested in a type test are representative of those tested
in a sample test, the mean values (student test) and the standard deviations (X2 test) shall
be compared.

O,

XT :
Ot

Mean failing load from sample test
Mean failing load from the re-test
Standard deviation from sample test
Standard deviation from the re-test
Mean failing load from type test
Standard deviation from type test

NOTE - When calculating the standard deviation o, attention is drawn to the fact that it is the sample
standard deviation where the denominator is n-1.

If the limits given below are met, the insulators have a high probability (95 %) of belonging
to the same type. The limits are based on the sample size of 5 or 10 for the type test.
Failure to comply with these limits shall not lead to rejection of the lot.

I% -

For the case without re-test

o
| <a-v 6:2+b-6,2 and ' <¢
1 T 1 GT

Constants Type test on 5 units Type test on 10 units
E1 sample size E1 sample size
4 8 12 4 8 12
a 1,20 0,76 0,58 1,12 0,75 0,60
b 0,756 1,75 2,75 0,33 0,78 1,22
c 2,57 2,47 2,44 1,96 1,81 1,76
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. o
- . 2.b-6.2 2
IX; - X,1<a-V o;24b-6,2 and 2 <¢
Constants Type test on 5 units Type test on 10 units
2 x E1 sample size 2 x E1 sample size
8 16 24 8 16 24
a 0,76 0,49 0,39 0,75 0,51 0,41
b 1,75 3,75 5,75 0,78 1,67 2,56
c 2,47 2,42 2,40 1,81 1,74 1,71
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lllustration of the mechanical and electromechanical
test acceptance procedure for
string insulator units
and line post insulators

B.1  Flow charts

The flow charts illustrate the acceptance procedure for the type (figure B.1) and sample
(figure B.2) tests when statistical evaluation is made by variables. Figure B.3 shows the

flow chart for the comparison of type and sample test results.

Specified minimum
failing load
SFL

Mechanical or
electromechanical
failing load test
§ or 10 units

Evaluation of:
XT = ...

O'T = ...

Is

XT > SFL+ C1GT

?

No

Accepted

Does not comply

Figure B.1 - Acceptance flow chart for mechanical or electromechanical type tests
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Mechanical or
electromechanical
failing load test
E1 sample

Evaluation of:

Is
X1 2 SFL + C1 o,

?

Re-test on
2 x E1 sample

Evaluation of:

No

Yes

Accepted

Does not comply

Figure B.2 — Acceptance flow chart for mechanical or electromechanical sample tests
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type and sample No
test mean failing
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loads homogeneous ?

Are
type and sample No

test standard deviations
homogeneous ?

Yes

No further
action

Investigation and
discussion

Figure B.3 - Flow chart of the comparison of type and sample test results
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B.2 Calculated examples of acceptance and rejection

The statistical evaluation of test results by "variables” calls for a certain rethinking of ideas
associated with conventional tests by attributes. In order to assist understanding, four
illustrations are given in table B.1 which show the calculation of the mean value and the
standard deviation of various test results.

Example 1 shows that a lot may be accepted even if the minimum value is lower than the
specified failing load.

In example 2 the minimum value is higher in all cases, yet acceptance is only reached
after a re-test.

Example 3 is similar, however the lot is rejected without possibility of a re-test.

Example 4 illustrates acceptance, but the type and sample test results are not
homogeneous. Investigation may be necessary.

Table B.2 is a blank table which may be used for evaluation of real test results.

NOTE - When calculating the standard deviation o, attention is drawn to the fact that it is the sample
standard deviation where the denominator is n-1.
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Table B.1 — Examples for mechanical or electromechanical

sample tests

Specified failing load SFL = 180 kN
Mean value of type test X; =  249kN
Standard deviation of type test or = 30,23 kN
Example Sample Comparison
Ne sizes Test values Evaluation Results of type and
kN kN sample test
€1 |E1x2 (annex A)
4 - 222,0 1745 2493 2232 )_(1- =217,25
o, =31,6 —
1 SFL+C,0,=211,16 X=X,
X,>SFL+ C, o, Accepted or=0,
12 - 253,7 181,0 331,6 2299 )'(_1— = 246,47
257,2 2379 2899 2969 oy = 43,26
2299 240,7 1919 2173 ﬂ-’L + C1 Oy = 253,54
X1 < SFL+ 010‘ Does not
comply
2 SFL+ C,0, = 244,89
X, > SFL+ C,0, Re-test
- 24 2336 281,6 2482 2376 _
221,0 2250 229,7 2836 X2 =249,31
263,4 291,83 243,8 - 301,2 o, =30,2 .
2493 236,1 261,6 2925 §_FL + 6302 =231,34 XT - X2
234,1 2446 2085 2804 X2 >SFL+ 0352 Accepted o7 =0,
235,2 200,8 2855 194,8
12 - 2743 1973 3321 1998 |X, =24053
231,5 2241 2485 2911 o5 =41,52 Does not
221,4 2374 2368 191,1 _§{-‘L + 0161 = 250,55 comply
3 X, <SFL+ C;o,
No re-test
SFL+ 0201 = 242,25 Does not
X, <SFL+ C,0, comply
4 - 317,8 283,2 287,11 2758 )'(T = 290,98
4 o, = 18,49 o
SFL+ Cy0, = 198,49 X7 =X,
X,>SFL+C,c, Accepted Oy # 0y
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Table B.2 -~ Blank form for calculation for mechanical or
electromechanical sample tests

Specified failing load SFL =
Mean value of type test X =
Standard deviation of type test or =
Example Sample Comparison
Ne sizes Test values Evaluation Results of type and
KN KN sample test
E1 | E1x2 (annex A)
- X =
Oy =
First SFL+Ci0,=.....
test X, ..SFL+ C, 0y
SFL+ Cx04 = ...
X1 SFL + 0261
e e | XK=
Re-test e e Op = ...
..... ceee .- _\S_I‘:L + 0302 I
..... X, .. SFL+ C50,
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Annex C
(informative)

List of normative documents
given for information

IEC 168: 1988, Tests on indoor and outdoor post insulators of ceramic material or glass
for systems with nominal voltages greater than 1 000 V

IEC 383-2: 1993, Insulators for overhead lines with a nominal voltage above 1 000 V -
Part 2: Insulator strings and insulator sets for a.c. systems — Definitions, test methods and
acceptance criteria

IEC 437: 1973, Radio interference test on high-voltage insulators
IEC 438: 1973, Tests and dimensions for high-voltage d.c. insulators

IEC 507: 1991, Artificial pollution tests on high-voltage insulators to be used on a.c.
systems

IEC 591: 1978, Sampling rules and acceptance criteria when applying statistical control
methods for mechanical and electromechanical tests on insulators of ceramic material or
glass for overhead lines with a nominal voitage greater than 1 000 V

IEC 672-1: 1980, Specification for ceramic and glass insulating materials - Part 1:
Definitions and classification

IEC 672-3: 1984, Specification for ceramic and glass insulating materials - Part 3:
Individual materials

IEC 797: 1984, Residual strength of string insulator units of glass or ceramic material for
overhead lines after mechanical damage of the dielectric

IEC 815: 1986, Guide for the selection of insulators in respect of poliuted conditions
1SO 2859: 1974, Sampling procedures and tables for inspection by attributes

ISO 2859-1: 1989, Sampling procedures for inspection by attributes — Part 1. Sampling
plans indexed by acceptable quality level (AQL) for lot-by-lot inspection

ISO 2859-2: 1985, Sampling procedures for inspection by attributes — Part 2: Sampling
plans indexed by limiting quality (LQ) for isolated lot inspection

1SO 3951: 1989, Sampling procedures and charts for inspection by variables for percent
nonconforming
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ISO 9000: 1987, Quality management and quality assurance standards - Guidelines for
selection and use

ISO 9001: 1987, Quality systems — Model for quality assurance in design/develbpment,
production, installation and servicing

ISO 9002: 1987, Quality systems -~ 1 Model for quality assurance in production and
installation

ISO 9003: 1987, Quality systems — Model for quality assurance in final inspection and test

1SO 9004: 1987, Quality management and quality system elements — Guidelines
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