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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIVE WORKING - CONDUCTIVE CLOTHING

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). 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. 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 IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |IEC 60895 has been prepared by IEC technical committee 78: Live
working.

This third edition cancels and replaces the second edition, published in 2002. This edition
constitutes a technical revision.

This 3edition includes the following significant technical changes with respect to the previous
edition:

a) increase of the use up to 1 000 kV AC and £800 kV DC;

b) introduction of two classes of conductive clothing with different electrical requirements;

c) revision of the electrical requirements of conductive clothing;

d) definition of specific resistance values for each component part of the conductive clothing;

e) introduction of conductive helmet and conductive scarf as component parts of conductive
clothing;

f) introduction of mechanical requirements and new tests for fabrics;
g) update of the cleaning test procedures;
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h) revision of the efficiency test of the conductive clothing to improve the feasibility and
repeatability;

i) preparation of the elements of classification of defects, and general application of
IEC 61318:2007;

j) the normative Annex B for the classification of tests has been replaced by normative
Annex C for the general type tests procedure, the normative Annex D for the classification
of defects and the informative Annex E providing the justification for the classification of
defects;

k) the normative Annex C on sampling procedure has been deleted (not applicable according
to IEC 61318:2007);

I) modification of the recommended frequency of the periodic tests.

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

FDIS Report on voting
78/1309/FDIS 78/1312/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
Terms defined in Clause 3 are given in italic print throughout this standard.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document provides specifications for protective conductive clothing currently being used
without incident in live work by qualified electrical workers throughout the world. The adequacy
of this clothing is established by its screening efficiency and the electrical resistance of material
and component parts of the conductive clothing. Based on resistance measurements carried
out by manufacturers and utilities of used clothing being successfully worn in the field,
differences of up to 1 000 fold have been reported.

The whole set-up and preparation work in very high voltage is made to limit the power of electric
arcs during work activities.

When, in the preparation phase of the work, the risk assessment leads to a high probability that
there may be electric arcs, due to the short distances or unsuitable equipment insulation, the
work is not done.

This approach is dictated by the fact that the electric arcs produced by high-voltage installations
have very significant thermal and electrical effects, which are hardly attenuated by protective
clothing worn by operators.

If protection against electric arc value is required by agreements between customer and
manufacturer, it is possible to perform tests on the fabric and/or on the garment complete with
accessories using the reference standards already published on this topic by IEC TC 78.

This document has been prepared according to the requirements of IEC 61477, where
applicable.

The bibliography provides a list of papers of international level that were used during the
development of this edition of IEC 60895.

The product covered by this document may have an impact on the environment during some or
all stages of its life cycle. These impacts can range from slight to significant, be of short-term
or long-term duration, and occur at the global, regional or local level.

This document does not include requirements and test provisions for the manufacturers of the
product, or recommendations to the users of the product for environmental improvement.
However, all parties intervening in its design, manufacture, packaging, distribution, use,
maintenance, repair, reuse, recovery and disposal are invited to take account of environmental
considerations.
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LIVE WORKING - CONDUCTIVE CLOTHING

1 Scope

This document is applicable to conductive clothing, worn during live working (especially bare-
hand working) on AC and DC electrical installations, to provide electrical continuity between all
parts of the clothing and a reduction of electric field inside the clothing.

This document is applicable to conductive clothing assembled from a conductive garment
(jackets and trousers or coveralls forming a one-piece garment) and from conductive component
parts (gloves, hoods or helmets, shoes or boots, overshoe socks and socks) in electrical
systems with nominal voltage up to 1 000 kV AC and up to +800 kV DC.

This document does not indicate values of protection from the effects of the electric arc,
because any value indicated would not guarantee the necessary protection from the effects of
electric arcs, or the operator would need to wear very heavy and rigid conductive clothing, which
would not allow the execution of the work in safety.

The products designed and manufactured according to this document contribute to the safety
of the users provided they are used by persons trained for the work, in accordance with the live
working methods and the instructions for use.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60212:2010, Standard conditions for use prior to and during the testing of solid electrical
insulating materials

IEC 60417, Graphical symbols for use on equipment (available at: http://www.graphical-
symbols.info/equipment)

IEC 61318, Live working — Conformity assessment applicable to tools, devices and equipment

IEC 61477, Live working — Minimum requirements for the utilization of tools, devices and
equipment

ISO 3175 (all parts), Textiles — Professional care, drycleaning and wetcleaning of fabrics and
garments

ISO 6330, Textiles — Domestic washing and drying procedures for textile testing

ISO 12947-1, Textiles — Determination of the abrasion resistance of fabrics by the Martindale
method — Part 1: Martindale abrasion testing apparatus

ISO 12947-2, Textiles — Determination of the abrasion resistance of fabrics by the Martindale
method — Part 2: Determination of specimen breakdown

ISO 13937-2, Textiles — Tear properties of fabrics — Part 2: Determination of t 0
trouser-shaped test specimens (Single tear method) eﬁééﬁl‘?{ents
Document Sharing Hub

Full document details: IEC 60895-2020


http://www.avadocuments.com/doc/iec-60895-2020
http://www.avadocuments.com/doc/iec-60895-2020

-10 - IEC 60895:2020 © IEC 2020

ISO 13938-1, Textiles — Bursting properties of fabrics — Part 1: Hydraulic method for
determination of bursting strength and bursting distension

ISO 15797, Textiles — Industrial washing and finishing procedures for testing of workwear

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61318 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1
component part

additional element of the complete conductive clothing such as glove, sock, scarf, head cover,
face screen, and footwear worn in addition to the main garment and bonded to it

3.2

conductive clothing

clothing made of natural or synthetic material(s) with integral interwoven conductive fibres or
layers used to provide electrical continuity between all parts of the clothing and a reduction of
the electric field inside the clothing

Note 1 to entry: The term conductive clothing includes conductive jacket, trousers, coverall (one-piece clothing),
gloves, hood, overshoe socks and socks.

Note 2 to entry: Conductive footwear and conductive helmet are component parts used in conjunction with the
conductive clothing.

[SOURCE: IEC 60743:2013, 8.1.8]

3.3
conductive element
metallic thread or non-metallic conductive substance used to make conductive material

3.4

conductive face screen

protective device made of conductive solid or meshed material affording protection to the face
of the worker, or portion thereof, from an electric field

SEE: Figure H.1
[SOURCE: IEC 60743:2013, 8.1.9]

3.5
conductive footwear
protective footwear made with a conductive sole

SEE: Figure H.1

Note 1 to entry: The conductive footwear may have a conductive strap for connecting the conductive clothing.

Note 2 to entry: Conductive footwear may also provide a certain mechanical protection.
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3.6
conductive glove
component part for the protection of hands

SEE: Figure H.1

3.7

conductive head cover

part of clothing, either as a separate item or integrated into a complete garment, that covers
the head

SEE: Figure H.1

Note 1 to entry: For example, a conductive head cover can be a conductive hood or a conductive helmet.

3.8

conductive material

material composed of metallic threads or non-metallic conductive substances and natural or
synthetic threads closely woven, knitted, or layered

3.9

conductive overshoe sock

conductive sock

sock made of conductive material, worn over shoe or boot

SEE: Figure H.1

3.10
equipotential bonding
provision of electric connections between conductive parts, intended to achieve equipotentiality

SEE: Figure H.1
[SOURCE: IEC 60050-826:2004, 826-13-19]

3.11

equipotential bonding lead

flexible conductive connection used by the worker to connect the conductive clothing to another
conductive part to create equipotential bonding

Note 1 to entry: An equipotential bonding lead is not an earthing device.

[SOURCE: IEC 60743:2013, 8.1.6, modified — The definition has been modified to fit the specific
application.]

3.12
garment
main body of the clothing, either one piece or consisting of jacket and trousers

SEE: Figure H.1

3.13

screening efficiency

base 10 logarithm of the ratio of the total current injected into the conductive clothing and the
body to the current flowing only in the body

3.14

shielding efficiency

base 10 logarithm of the ratio of a voltage without the conductive material to the voItaIgrel
measured at the spot with conductive material ocuments
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3.15
test piece
part of fabric or other part of conductive material used for the tests

4 Requirements

4.1 General

The following requirements have been prepared in order that the products covered by this
document are designed and manufactured to contribute to the safety of the users, provided they
are used by persons skilled for live working, in accordance with safety method of work and the
instructions for use.

4.2 Requirements for conductive clothing
421 Design

The conductive clothing shall constitute an electrically continuous assembly for the worker.

The conductive clothing can be made of a single conductive material layer, or it can be made
of a multilayer. In case of a multilayer, the outer layer material of the conductive clothing may
be conductive or non-conductive, but at least one layer shall be conductive.

If press studs, zip fasteners, hooks and eyes or any other method of fastening are used in the
assembly of the complete conductive clothing, the electrical conductivity of the clothing should
not be impaired.

The bonding lead shall be capable of withstanding the anticipated electrical and mechanical
stresses. The design of the equipotential bonding lead should be such that it does not interfere
with the emergency procedures, for example, in case of a fall.

If the garment is made up of more than one piece (for example, separate jacket or trousers),
the method of attachment (bonding) of the individual pieces shall be electrically continuous.
The overlap of the individual component parts shall be such as to ensure that the body of the
worker is totally covered.

4.2.2 Classification
The conductive clothing covered by this document shall be designated as follows:

— by maximum voltage as class 1 (800 kV AC / +600 kV DC) or class 2 (1000 kV AC/
+800 kV DC);

— by the maximum nominal AC and DC voltage at which the conductive clothing can be used
(according to the test conditions for screening efficiency).

Guidance for the selection of maximum voltage class (AC and DC) is given in Annex A.

NOTE The maximum voltage class 1 corresponds in general criteria to the conductive clothing of IEC 60895:2002
(up to 800 kV AC and 600 kV DC).

4.2.3 Integrity of the conductive clothing

The conductive clothing shall be assembled with all its component parts. All the connection
systems according to the design shall work properly. All the component parts shall not be
damaged or deteriorated in normal use, and shall be controlled as specified in 5.5.2. This
requirement applies to both maximum voltage classes.
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4.2.4 Equipotential bonding

All the component parts of the complete conductive clothing shall be designed to be electrically
bonded, and shall be controlled as specified in 5.5.3. This requirement shall respect the value
for each maximum voltage class shown in Table 4.

4.2.5 Screening efficiency

The conductive clothing shall attenuate the electric field. The attenuation of the conductive
clothing is determined by screening efficiency. This requirement shall be controlled as specified
in 5.5.4 and shall respect Table 6 or Table 7.

4.2.6 Spark-discharge protection

To reduce the effect of direct spark discharges, the spacing between any individual adjacent
conductive elements in the conductive material shall not exceed 5 mm under all normal wearing
conditions including stretching (such as at the elbows or knees). This requirement shall be
controlled as specified in 5.3.7.

This requirement is not applicable to the face screen component.

4.3 Mechanical requirements for the outer layer material
4.31 General

The outer layer (conductive or non-conductive — see 4.2.1) of the garment and the component
parts shall have the properties given in 4.3.2 to 4.3.4.

The mechanical characteristics of the conductive helmet and conductive footwear, if any, are
not covered by this document.

4.3.2 Tear resistance

When the outer layer of the conductive clothing is made of woven material, it shall have a tear
resistance of at least 15 N (for density higher than 220 g/m2) or at least 10 N (for density within
150 g/m2 and 220 g/m?2) in the machine and the cross directions tested according to
ISO 13937-2. This requirement applies to both maximum voltage classes.

4.3.3 Burst strength

When the outer layer of the conductive clothing is made of knitted material, it shall have a burst
strength of at least 1 300 kPa when using an area of (7,3 + 0,1) cm2 and a test procedure
according to 1ISO 13938-1. This requirement applies to both maximum voltage classes.

4.3.4 Abrasion resistance

The outer layer material of the conductive clothing shall at least resist up to 25 000 abrasion
rubs tested according to ISO 12947-2, with an abrasion load of 12 kPa. This requirement applies
to both maximum voltage classes.

4.4 Requirements for material
4.4.1 General

The material used to manufacture the conductive clothing or the component parts shall have
the properties given in 4.4.2 to 4.4.6.
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4.4.2 Flame retardancy

The material used in conductive clothing or in component parts shall not ignite and continue to
burn when exposed to an ignition source, and shall be controlled as specified in 5.3.2. This
requirement applies to both maximum voltage classes.

4.4.3 Electrical resistance

This quality can be considered as a basic element which determines the current-carrying
capability and the spark-discharge properties of the material.

The only direct consequence for a worker of the correct value of electrical resistance is the low
potential difference between two points of the clothing in contact with the skin, which is thus an
element of comfort, and shall be controlled as specified in 5.3.3. This requirement shall respect
the value for each maximum voltage class shown in Table 1.

4.4.4 Current-carrying capability

During the worker's transition to the work position (from the metallic structure of the tower or
from the ground in an aerial device) and at the moment of the connection to the live conductor,
capacitive currents flow through the clothing. It is necessary for the clothing to be able to
conduct the currents. It shall be controlled as specified in 5.3.4. There shall be no damage to
the material. This requirement applies to both maximum voltage classes.

4.4.5 Shielding efficiency

The material used for the conductive clothing or the component parts shall attenuate the electric
field. The attenuation of the material is determined by shielding efficiency, defined in 3.14. It
shall be controlled as specified in 5.3.5. This requirement shall respect the value for each
maximum voltage class shown in Table 2.

4.4.6 Resistance to cleaning

Repeated cleaning shall not deteriorate the properties of electrical resistance, shielding
efficiency and flame-retardancy properties of the conductive clothing. It shall be controlled as
specified in 5.3.6. This requirement applies to both maximum voltage classes.

These requirements do not apply to conductive materials which are not made of fabric.

4.5 Specific requirements for component parts
4.51 Conductive gloves, overshoe socks and socks

The maximum resistance value of conductive gloves, when measured using the specified
electrodes, shall be according to 5.6.2.1. This requirement shall respect the value for each
maximum voltage class shown in Table 8.

The maximum resistance value of conductive overshoe socks and socks, when measured using
the specified electrodes, shall be according to 5.6.2.2. This requirement shall respect the value
for each maximum voltage class shown in Table 9.

4.5.2 Conductive footwear

The maximum resistance value, when measured using the specified electrodes, shall be
according to 5.6.2.3.
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4.5.3 Conductive head cover, scarf and helmet

To provide the worker with a full screening effect, the head and neck shall be covered with
conductive material. This can be achieved by a conductive hood or by a conductive helmet with
a scarf and by a conductive face screen.

Component parts used for screening the head shall allow for free movement of the head.

Provisions shall be made for an effective and efficient electrical bonding between any head
cover, scarf and the total garment.

The maximum resistance value, when measured using the specified electrodes, shall be
according to 5.6.2.4. This requirement shall respect the value for each maximum voltage class
shown in Table 10.

The mechanical characteristics of the conductive helmet or other type of conductive head cover,
if any, are not covered by this document.

4.5.4 Conductive face screen

For conductive clothing of maximum voltage class 1 if no conductive face screen is provided,
protective flaps, conductive visor or the shape of the hood shall ensure face protection.
Conductive clothing of maximum voltage class 2 shall always be used in conjunction with a
conductive face screen. Further information can be found in Annex G.

Component parts used for screening the face shall allow for free movement of the head.

Provisions shall be made for an effective and efficient electrical bonding between conductive
face screen and the total garment, according to 5.6.2.4. This requirement shall respect the
value for each maximum voltage class shown in Table 10.

NOTE Other types of face screen, not examined in this document, can be used for conductive clothing of class 1 in
order to respect national regulations related to the reduction of the value of the electric field.

4.5.5 Requirements for garment — Electrical resistance

The garment shall not have high values of electrical resistance to facilitate the screening
efficiency and improve operator comfort. It shall be controlled as specified in 5.4.2. This
requirement shall respect the value for each maximum voltage class shown in Table 3.

4.6 Marking

Each garment and component part shall carry, as a minimum, the following permanent items of
marking:

— name or trade mark of the manufacturer;

— type reference and size (in accordance with ISO standards);

— year of manufacture;

— maximum voltage class of the conductive clothing;

— maximum nominal AC and DC voltage at which the conductive clothing can be used;

— symbol IEC 60417-5216:2002-10 — Suitable for live working; double triangle (see Annex B)
attached by sewing, adhesion or other suitable means or printed;

NOTE The exact ratio of the height of the figure to the base of the triangle is 1,43:1. For the purpose of
convenience, this ratio can be between the values of 1,4 and 1,5.

— number of the relevant IEC standard immediately adjacent to the symbol (IEC 60895).
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Markings shall be clearly visible and legible to a person with normal or corrected vision without
additional magnification.

Other characteristics or information not needed at the work location, like the year of publication
of the standard, storage conditions, shall be attached to the product item by other means, such
as coded information (bar codes, microchips, etc.), or shall be attached to its packaging.

4.7 Packaging

The conductive material may become oxidized when stored in the ambient air conditions. The
manufactured clothing shall be packaged for shipment in such a way that oxidation is retarded.
If the parts of clothing are to be issued by the user separately, individual packaging of parts
should be requested by the user. For example, the conductive clothing may be packaged inside
an airtight plastic bag with tissue paper protecting the conductive clothing from contact with the
plastic bag.

4.8 Instructions for use

Each garment and component part shall come with the manufacturer’s instructions for use and
care. These instructions shall be prepared in accordance with the general provisions of
IEC 61477 and shall include, as a minimum:

— information about the phase-to-earth voltage used for the screening efficiency test (see
5.5.4) and declaration about the resulting maximum nominal AC and DC voltage at which
the conductive clothing can be used;

— recommendations for cleaning, storage and periodic testing.
Moreover, for each component part, the following shall be specified:

— the name of the manufacturer and the references of the garment and other component parts
with which it was tested;

— the indication “Where this product is used in combination with a conductive garment and
component parts of different manufacturers to assemble a complete conductive clothing, it
is the responsibility of the user to test the whole assembly for its integrity, bonding
resistance and screening efficiency”.

Additional information is given in Annex F.

5 Tests

5.1 General

This document provides testing provisions to demonstrate compliance of the product to the
requirements of Clause 4. These testing provisions are primarily intended to be used as type
tests for validation of the design input.

Whenever any significant change is introduced in the conductive material or pattern of the
garment or component part, type tests shall be repeated.

Where relevant, alternative means (calculation, examination, tests, etc.) are specified within
the test subclauses for the purpose of conductive materials, conductive garments, complete
conductive clothing and components having completed the production phase.

Annex C presents the general procedure for type tests.
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5.2 Mechanical tests for the outer layer material
5.2.1 Type test

These tests shall apply to test pieces of the material used in the manufacturing of the outer
layer of the conductive clothing.

The woven material shall be tested according to ISO 13937-2 on five test pieces for the tear
resistance and ISO 12947-1 and ISO 12947-2 on three test pieces for abrasion resistance, with
an abrasion load parameter of 12 kPa. The knitted material shall be tested according to
ISO 13938-1 on five test pieces for the burst strength and ISO 12947-1 and 1SO 12947-2 on
three test pieces for abrasion resistance with an abrasion load parameter of 12 kPa.

The dimensions of the different test pieces and the orientation of cut in the material are specified
in the standards defined above.

5.2.2 Alternative method to mechanical test in cases where outer layer materials
have completed the production phase

There is no real alternative test to the mechanical test for the outer layer material (destructive
test) after completing the production phase for checking the conformity to the associated
requirement. Nevertheless, the outer layer material manufacturer shall prove that it has followed
the same documented assembly procedure with identical components (materials and
accessories) as per the type test.

5.3 Tests of the material
5.3.1 General

These tests shall apply to test pieces of the material used in the manufacturing of conductive
clothing.

For the conductive helmet or the conductive face screen, the test shall be carried out on a piece
of the conductive material of prescribed dimensions for performing the tests.

The resistance to cleaning and spark-discharge protection test does not apply to conductive
materials which are not made of fabric.

5.3.2 Flame-retardancy test
5.3.21 Type test
5.3.2.1.1 Principle of test

Ignition of a rectangular test piece, vertically hung, by a standard ignition source according to
prescribed conditions constitutes the principle of the test, which includes the measurement of
the burned area and classification of the tested material according to the results.

5.3.2.1.2 Test apparatus
5.3.21.2.1 General
The test equipment shall consist of

— a test chamber,
— a test piece holder,

— accessories.
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An alternative test according to the I1SO 15025:2012 will be inserted in cases where the
proposed climatic chamber cannot be found. The decision of which test is to be used will be
made by agreement between the customer and the supplier.

5.3.2.1.2.2 Test chamber

The test chamber (see Figure 1) shall be made of steel plate not less than (1,5 + 0,25) mm
thick. The interior walls of the chamber shall be painted matt black.

Dimensions in millimetres
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Figure 1 — Flame-retardancy test — Test chamber
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The chamber shall be composed of

a) a steel box (570 £ 5) mm wide x (400 = 5) mm deep x (1 000 £ 5) mm high, with one air
vent in the lower part of the front and back faces. These air vents shall measure
(116 £ 5) mm in height and (440 £ 5) mm in length;

b) a glass door above the front air vent;

c) a (300 +5)mm x (300 £ 5) mm steel deflector plate above the top of the chamber, which is
penetrated by a (200 £ 5) mm diameter hole;

d) a support for the test piece holder (see Figure 2a). The lower part of the test piece holder
shall be placed (110 £ 5) mm above the base of the chamber.

5.3.2.1.2.3 Test piece holder
The test piece holder (see Figure 2a and Figure 2b) shall be composed of

a) a support on which two (5 £ 1) mm thick bars, spaced (150 £ 5) mm apart, are fixed;

b) two thick holding (removable) bars held on the two fixed bars with clips.

The support and all the bars shall be made of metal.

The shape and size of all bars shall be such that the test piece is well supported. Figure 2b
illustrates the shape of the test bars for a fabric or similar material test piece. When the test
piece is too rigid to adapt to this shape of the bars, the removable bar can be made flat, provided
that the resulting assembly supports the test piece properly (e.g. by use of additional clips or
screws).

5.3.2.1.3 Accessories

Accessories include

a) a standard ignition linen specimen: whitened, not dressed, composed of (67 + 1) %
polyester, (33 + 1) % cotton [(110 £ 1,1) g/m?];

b) clips;

c) a weighing scale (0,001 g precision);

d) a pattern for test piece cutting;

e) tracing paper;

f) amirror of approximately (250 £ 10) mm x (300 £ 10) mm, placed in a corner of the chamber,
used to observe the burning on the rear of the test piece.
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Figure 2a — Support for the test piece holder
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5.3.21.4 Test pieces
5.3.2.1.4.1 Shape and dimensions

Rectangular test pieces shall have dimensions of (150 £ 5) mm x (300 + 5) mm after being
attached to the test piece holder.

For knitted material (for example, socks and gloves) the manufacturer shall provide flat test
pieces with the above dimensions.

5.3.2.1.4.2 Quantity
The numbers of test pieces required according to the material shall be as follows.

a) Woven material

Tests shall be performed on three test pieces which are cut so that their length is parallel
with the warp direction and three test pieces having their length parallel to the weft direction.

b) Knitted material

Three test pieces shall be provided for knitted material unless it is not directionally uniform.
In this case, six test pieces shall be provided (three for each direction).

c) Layered material

Three test pieces shall be provided for layered material unless it is not directionally uniform.
In this case, six test pieces shall be provided (three for each direction).

5.3.2.1.4.3 Preparation of test pieces

The outlines of the test pieces shall be marked on the material using the pattern set out in
5.3.2.1.4.1. The length of each test piece shall be appropriate to the direction specified in the
test.

The test pieces shall be cut in such a way that

— the middle point is on a (45 £ 1)° oblique line vis-a-vis the edges of a roll of fabric,
— the sides are parallel with the exterior edges of a roll of material.

The required number of test pieces shall be cut from the material in an area with no visible
defects. No fest pieces shall be taken within 50 mm from the selvage or edge of the material.

5.3.2.1.5 Test procedure
5.3.2.1.5.1 Preparation of standard ignition specimen

Cuta (25+1) mm x (80 £ 1) mm strip of polyester cotton (see 5.3.2.1.3), its length parallel with
the warp direction. This textile strip is folded lengthwise to give 25 mm x 20 mm. The ends of
the specimen are placed inside the fold (see Figure 2c).

5.3.2.1.5.2 Clamping standard ignition specimen

The standard ignition specimen shall be clamped in the centre of the lower part of the test piece
(Figure 2c¢). The clamp shall be fixed horizontally, so that

— the standard ignition specimen has two thicknesses on each side of the test piece,

— the end of the standard ignition specimen is 10 mm lower than the lower part of the test
piece.
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5.3.2.1.6 Test

The test piece is fixed on the test piece holder, so that the lower part of the test piece coincides
with the lower part of the test piece holder. The standard ignition specimen shall be equidistant
from the vertical rods.

The test piece holder is hung vertically in the test chamber.

Apply a flame to the lower part of the standard ignition specimen until it is ignited (about 2 s)
and immediately close the door of the test chamber.

The standard ignition specimen shall burn normally for about 25 s to 30 s.

Observe the burning test piece during the test and note the following:

— points of residual after-glow;
— melting;

— distortion of test piece;

— smoke.

5.3.2.1.7 Measurement of burned area
5.3.2.1.7.1 General

At the end of the test, and after 15 min in atmospheric conditions conforming to standard
ambient of Table 2 of IEC 60212:2010 (code 18 °C to 28 °C/45 % to 75 %),
— using scissors, remove the completely burned or melted areas,

— lay the damaged test piece flat on the pattern so that remaining contours coincide with the
pattern ones,

— measure the burned area of the test piece by cutting up and scaling the tracing paper, by
planimetry, or by measurement of a geometric area.
5.3.2.1.7.2 Results

The test shall be considered as passed if the following conditions are met by each of the test
pieces:

— the burned area of the test piece is less than or equal to 100 cm?;
— the burned area does not extend to the vertical parts of the test piece holder, nor to the
upper edge of the test piece.

5.3.2.2 Alternative method to flame-retardancy test in cases where materials have
completed the production phase

There is no real alternative test to the flame-retardancy test for the material (destructive test)
after completing the production phase for checking the conformity to the associated
requirement. Nevertheless, the material manufacturer shall prove that it has followed the same
documented assembly procedure with identical components (materials and accessories) as per
the type test.
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5.3.3 Electrical resistance test
5.3.31 Type test
5.3.3.1.1 General

The conductive clothing can be made of a single conductive material layer, or it can be made
of a multilayer. In case of a multilayer, this test shall only be performed on the layer made of
conductive material.

Standard procedures to determine electrical resistance of conductive material in connection
with its antistatic properties are unreliable when the electrical resistance of highly conductive
material has to be determined. Indeed, these standard procedures do not take into account the
interference of the transition resistance from electrode to test piece, which is of primary
importance when low-resistance test pieces have to be measured.

5.3.3.1.2 Test equipment
The following apparatus is needed for the test:

— one alternating current source of power standard frequency (50 = 1) Hz or (60 = 1,2) Hz, or
one direct current source, allowing an adjustable and regulated load current of up to 2 A at
30 V;

— one ammeter;

— two contact electrodes, providing a contact surface of (20 + 0,25) mm x (20 £ 0,25) mm on
both faces of the test piece. Contact pressure shall be more than 100 kPa (see Figure 3);

— two voltage measuring electrodes, at a distance of 100+g mm apart, such as sewing pins or

needles;

NOTE For rigid material, crabclaws or clips could be used as alternative voltage measuring electrodes.

— one voltmeter.
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Dimensions in millimetres
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Figure 3 — Electrical resistance test — Test set-up

5.3.3.1.3 Preparation of test pieces
Four conductive material test pieces measuring approximately (200 £ 4) mm x (20 £ 0,4) mm
are respectively cut in warp, weft and two perpendicular directions making a (45 + 1)° angle

with warp and weft (see Figure 4). No test pieces shall be taken within 50 mm from the selvage
or edge of the material.

These test pieces shall be tested successively after a 24 h conditioning under standard
atmosphere B of Table 2 of IEC 60212:2010 (code 24 h/23 °C/50 %).

The test piece shall have minimal dimensions 120 mm x 120 mm.
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Dimensions in millimetres

- —

_. .20
1 '\
o
S
[ 'o %,
Y
-2

IEC

Key
1 warp
2 weft

Figure 4 — Orientation of test pieces for electrical resistance
and current-carrying capability tests

5.3.3.1.4 Procedure

The test piece is placed unstretched between the contact electrodes (see Figure 3).

The voltage measuring electrodes are threaded through the test piece at a distance of 100 mm
apart (see Figure 3).

The electrical circuit is completed (see Figure 5). A 200 mA current is established through the
unstretched test piece.

After 1 min the voltage is measured.
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Figure 5 — Electrical resistance test — Electrical circuit Documents
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5.3.3.1.5 Test results

The voltage measured is proportional to the electrical resistance of the test piece.

The electrical resistance of a unit square is given by the formula

width U x/
length S IxL

Ry = Rmeasured

where

U is the measured voltage, in V;

[ is the width of the test piece, in mm;

I is the test current, in A;

L is the distance between the voltage measuring electrodes, in mm.

Numerical application (Rg in Q and U in V):

U 20
S =5 “Thn
02 100

The test piece resistance should be utilized by the manufacturer to design and construct the
garment such that it meets the resistance limit required in 5.4.2.3 for the garment.

The test shall be considered as passed if the arithmetic mean value and maximum of the four
electrical values are equal to or lower than values specified in Table 1.

Table 1 — Arithmetic mean and maximum resistance of a unit square of the conductive
material according to the maximum voltage class of the conductive clothing

R R
Class . .S . LS
arithmetic mean value maximum individual value
Q Q
1 7 10
2 1 2

5.3.3.2 Alternative method to electrical resistance test in cases where materials have
completed the production phase

There is no real alternative test to the electrical resistance test for the material (destructive test)
after completing the production phase for checking the conformity to the associated
requirement. Nevertheless, the material manufacturer shall prove that it has followed the same
documented assembly procedure with identical components (materials and accessories) as per
the type test.

5.3.4 Current-carrying capability
5.3.4.1 Type test
5.3.41.1 General

The conductive clothing can be made of a single conductive material layer, or it can be made
of a multilayer. In case of a multilayer, this test shall only be performed on the layer made of

conductive material. Documents
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This test is to establish the current carrying capacity of the conductive material without causing
excessive degradation to the material. The test is not to establish a heat comfort level.

5.3.4.1.2 Test equipment

The test equipment shall be the same as in 5.3.3.1.2.

5.3.4.1.3 Preparation of test pieces

The preparation shall be the same as in 5.3.3.1.3.

5.3.41.4 Procedure

The procedure shall be as in 5.3.3.1.4 except that a current of (1 + 0,05) A is established
through the test piece for a duration of at least 15 min. This current and its time duration are
well in excess of anticipated working conditions.

5.3.4.1.5 Test results

The test shall be considered as passed if there is no flame, incandescent point, smoke or
carbonization between the contact electrodes.

5.3.4.2 Alternative method to current-carrying capability test in cases where
materials have completed the production phase

There is no real alternative test to the current-carrying capability test for the material
(destructive test) after completing the production phase for checking the conformity to the
associated requirement. Nevertheless the material manufacturer shall prove that it has followed
the same documented assembly procedure with identical components (materials and
accessories) as per the type test.

5.3.5 Shielding efficiency
5.3.5.1 Type test
5.3.5.1.1 General

The conductive clothing can be made of a single conductive material layer, or it can be made
of a multilayer. In case of a multilayer, this test shall only be performed on the layer made of
conductive material.

Tests carried out in the actual conditions of this document have shown that the shielding
efficiency does not depend on test frequency between 50 Hz and 5 kHz. To facilitate testing,
5 kHz is chosen. At this frequency, the test is at least as severe as at 50 Hz or 60 Hz.

5.3.5.1.2 Test equipment
The test equipment is composed of the following:
a) one (400 = 3) V RMS sine wave voltage generator at 5 kHz + 100 Hz;

b) one insulating circular plate 300+(1)0 mm in diameter;
c) one metallic circular plate 300+(1J0 mm in diameter with connection clip;

d) one insulating circular plate 400+(1)0 mm in diameter made from an elastomeric

(3,5 £ 0,5) mm thick sheet having a surface hardness between 60° and 65° on the Shore
scale;
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e) one electrode assembly weighing 3 kg built according to the scheme given in Figure 6a and
fitted with a (100 = 1) kQ shunt;

f) one measuring device (multimeter or oscilloscope) with constant input impedance greater
than or equal to 1 MQ + 10 kQ, in parallel with a capacitance of (47 + 0,94) pF maximum;

g) one voltmeter allowing measurement of (400 + 3) V RMS at 5 kHz + 100 Hz.
5.3.5.1.3 Test mounting

The following parts are assembled in the specified order upon an earthed horizontal support
(Figure 6b):

— circular insulating plate 300+(1)0 mm in diameter [item b) of 5.3.5.1.2];
— circular metal plate 300+(1)0 mm in diameter and 3 mm to 5 mm thick [item c¢) of 5.3.5.1.2];

— circular elastomeric plate 400+(1)0 mm in diameter and 3 mm to 4 mm thick [item d) of
5.3.5.1.2];
— test piece, minimal dimensions 120 mm x 120 mm;

— electrode assembly (not allowed to pass beyond the edge of test piece). The thickness of
the polyvinyl insulating plate between the electrode and the test piece shall be (0,8
0,02) mm (Figure 6a).

5.3.5.1.4 Earth connection
The following parts are connected together and earthed:

— frame connection of voltage generator;
— earth connection of electrode assembly;

— frame connection of voltmeter.
5.3.5.1.5 Line connection
The following parts are connected together and insulated from earth:

— line connection of voltage generator;
— connection clip of metallic plate 300 mm in diameter;

— line connection of voltmeter.
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The total mass of the electrode assembly is 3 kg.
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Figure 6a — Electrode assembly
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Dimensions in millimetres

IEC

Key
1 electrode assembly test piece of conductive material
2 elastomeric plate 400 mm diameter, 3 mm to 5 mm thick voltage generator

3 earthed support multimeter or oscilloscope

o N o O

4 metal plate insulating plate

There shall be electrical contact between the test sample and the electrode assembly (particularly with the component
number 2 of the electrode shown in Figure 6a).

Figure 6b — Test set-up
Figure 6 — Shielding efficiency
5.3.5.1.6 Test procedure
5.3.5.1.6.1 Determination of reference voltage

Without the conductive material test piece, a voltage of (400 = 3) V RMS at 5 kHz + 100 Hz is
applied between the line and earth connections. The voltage is read on the measuring device

and noted as Ugs.

5.3.5.1.6.2 Measuring with test piece

The test piece is installed (5.3.5.1.3) and the test procedure is carried out in the same way as
described in 5.3.5.1.6.1. The measured voltage U is recorded.

5.3.5.1.7 Acceptance criteria

Shielding efficiency, SE, in decibels, is given by the formula

SE =20 logyg (U[f]efj

The test shall be considered as passed if the shielding efficiency is greater than the values
specified in Table 2.
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Table 2 — Minimum shielding efficiency of conductive material
according to the maximum voltage class of the conductive clothing

Class SE
dB

1 40

2 50

5.3.5.2 Alternative method to shielding efficiency test in cases where materials have
completed the production phase

There is no real alternative test to the shielding efficiency test for the material (destructive test)
after completing the production phase for checking the conformity to the associated
requirement. Nevertheless, the material manufacturer shall prove that it has followed the same
documented assembly procedure with identical components (materials and accessories) as per
the type test.

5.3.6 Resistance to cleaning
5.3.6.1 Type test
5.3.6.1.1 General

To ensure that the efficiency and flame-retardant properties of the clothing do not deteriorate
excessively after repeated cleaning, both of the following procedures (laundering and dry-
cleaning) shall be carried out. If the garment can be cleaned by one of the two methods, but
not by the other, the manufacturer shall mark the garment accordingly, and only the appropriate
method shall be used.

The material shall be subjected at least to 10 wash-dry cycles in accordance with ISO 6330 or
ISO 15797 and/or at least to 10 dry-cleaning cycles in accordance with 1SO 3175. After
completion of the washing/cleaning cycles, the shielding efficiency, flame-retardancy and
electrical resistance properties of the material shall still meet the requirements specified in
5.3.5, 5.3.2 and 5.3.3, respectively.

5.3.6.1.2 Laundering
5.3.6.1.2.1 General

Material sufficient to conduct flame-retardancy, electrical resistance and shielding efficiency
testing, plus ballast required to make a full load shall be washed in accordance with ISO 6330.

5.3.6.1.2.2 Test apparatus
The apparatus and reagents shall have the following specifications.

a) Automatic washing machine capable of being operated under the following conditions:

— either a top-loading, agitator type with a “normal” agitator speed of 179 rev/min, or a
front-loading machine with a speed of 52 rev/min, revolving alternatively in each
direction for 12 s, with 3 s rest in between,;

— wash time: normal, 12 min for a top-loading machine and 15 min for a front-loading
machine;

— spin speed: normal, (645 + 15) rev/min for a top-loading machine and
(500 £ 20) rev/min for a front-loading machine.
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b) Drier of the rotary tumble type having a cylindrical basket approximately 750 mm in diameter
and not less than 400 mm in depth, rotating at approximately (50 + 5) rev/min, equipped
with means for maintaining a drying temperature of 50 °C to 70 °C measured in the exhaust
vent as close as possible to the drying cylinder, and providing a cooling period of 5 min
when tumbling at the end of the drying cycle.

c) Commercial detergent not containing bleach. The standard detergent specified in Table B.1
of IEC 60456:2010 for a detergent without perborate (type Il) can be used in cases of
dispute.

d) Dummy load: pieces of undyed spun polypropylene fabric, having a mass of approximately
0,16 kg/mZ2.

5.3.6.1.2.3 Test procedure

Place the test pieces in the washing machine and add sufficient dummy load to make a total
dry load of 2 kg. Fill the machine to operate with (40 + 4) | of water and set the machine to
operate at the normal setting (50 °C to 70 °C). If the mass of the test piece(s) exceeds 2 kg,
the amount of water shall be increased proportionately.

Add sufficient household use detergent to provide good running suds and set the machine to
operate at the normal wash time. Continue until the end of the final spin cycle.

Test piece shall have minimal dimensions 120 mm x 120 mm.

On completion of the final spin cycle, remove the test pieces from the machine and place them
and the dummy load (if any) in the tumble drier with the temperature of the exhaust from the
drum set at 65 °C to 70 °C (for normal material). Operate the drier until the load is dry and
continue tumbling, with the heat turned off, for 5 min. Remove the test pieces immediately. One
wash-dry cycle will then have been completed.

5.3.6.1.3 Dry-cleaning
5.3.6.1.3.1 General

Material sufficient to conduct flame-retardancy, electrical resistance and shielding efficiency
testing, plus ballast required to make a full load shall be dry-cleaned in accordance with
ISO 3175.

5.3.6.1.3.2 Test apparatus
The apparatus and reagents shall have the following specifications.

a) Dry-cleaning machine, consisting of a commercial reversible rotating cage type, totally
enclosed machine, intended for use with tetrachloroethene. The diameter of the rotating
cage shall be 600 mm minimum and 1 080 mm maximum. Its depth shall be 300 mm
minimum. It shall be fitted with three or four lifters. The speed shall be such as to give a
g-factor of between 0,5 and 0,8 for cleaning and between 60 and 120 for extraction.

b) Ballast, consisting of clean textile pieces which shall be either white or of a light colour and
which shall consist of approximately 80 % wool pieces and 20 % cotton pieces by mass.
Each piece shall comprise two layers of fabric sewn together at the edges and shall be
(300 + 30) mm square.

c) Reagents, tetrachloroethene, CCl, = CClI, distilled, sold for the purpose of dry-cleaning.
NOTE The g-factor is calculated according to the following formula:
g=5,6n%dx 1077

where

n is the rotational frequency, in revolutions per minute;
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5.3.6.1.3.3 Test procedure
The test procedure is as follows.

a) The mass of the complete load, measured to +0,1 %, shall be calculated from the cage
volume in the proportion of (50 + 2) kg/m3.

b) Place the conditioned load in the machine and charge the machine with distilled
tetrachloroethene, containing 1 g/l of sorbitan mono-oleate so that the liquid ratio,
calculated from the volume of solvent in the drum, is (5,5 + 0,5) I/kg of the load. Maintain
the solvent at (30 + 3) °C throughout the cleaning operation.

c) Prepare a fresh emulsion by mixing, per kilogram of load, 10 ml of sorbitan mono-oleate
with 30 ml of tetrachloroethene and then whilst stirring adding 20 ml of water. This
corresponds to 2 % of water calculated on the mass of the load.

d) Start the machine with the filter circuit shut off, and 2 min after the cage inlet has closed,
add the emulsion slowly over a period of (30 + 5) s to the machine between the cage and
the drum below the level of the solvent.

e) Switch the machine on and allow it to run for 15 min. Do not use the filter circuit for the
duration of the test.

f) Drain the solvent and centrifugally extract the solvent from the load for 2 min (including at
least 1 min at full extraction speed).

g) Introduce pure dry solvent at the same ratio as that given in b) and rinse for 5 min. Drain
and extract again for 3 min (including at least 2 min at full extraction speed).

h) Dry the load in the machine air for an appropriate time, preferably using an automatic
solvent dryness control. After drying, blow air, at ambient temperature, through the rotating
load for at least 5 min.

i) Immediately remove the test pieces from the machine. Place fabric test pieces on a flat
surface for 30 min.

One dry-cleaning cycle will then have been completed.

5.3.6.1.4 Acceptability of material

When 10 wash-dry cycles, and/or 10 dry-cleaning cycles, have been completed, the test pieces
shall be placed on a flat surface and conditioned to the atmosphere for at least 4 h, and the
shielding efficiency (see 5.3.5), flame-retardancy tests (see 5.3.2) and resistance test (see
5.3.3) repeated.

If the values measured in these tests no longer meet the specified requirements, the material
shall be rejected.

5.3.6.2 Alternative method to resistance to cleaning test in cases where materials
have completed the production phase

There is no real alternative test to the resistance to cleaning test for the material (destructive
test) after completing the production phase for checking the conformity to the associated
requirement. Nevertheless, the material manufacturer shall prove that it has followed the same
documented assembly procedure with identical components (materials and accessories) as per
the type test.

5.3.7 Spark-discharge protection
5.3.71 Type test

The conductive clothing can be made of a single conductive material layer, or it can be made
of a multilayer. In case of a multilayer, this test shall only be performed on the layer made of
conductive material.
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The test piece shall have minimal dimensions 120 mm x 120 mm.

The spacing between individual adjacent conductive components in the conductive material
shall not exceed 5 mm even when the conductive material is stretched with a force of up to
50 N in any direction. No holes are permitted. Spacing shall be verified by a visual inspection.

For class 2 only, when the conductive layer is not available to visual inspection, the spark
discharge test described in Annex G can be done.

5.3.7.2 Alternative method to spark-discharge protection test in cases where
materials have completed the production phase

There is no real alternative test to the spark-discharge protection test for the material
(destructive test) after completing the production phase for checking the conformity to the
associated requirement. Nevertheless, the material manufacturer shall prove that it has
followed the same documented assembly procedure with identical components (materials and
accessories) as per the type test.

5.4 Tests of garment — Measurement of electrical resistance
5.4.1 General

Three garments shall be submitted to the test.

The electrical resistance shall be measured between the points indicated in 5.4.2.2. Electrodes
shall be at least 50 mm from the edge of the garment or joint location.

Measurements shall be made with the garment flat on a non-conductive table, or mounted on
(supported by) a mannequin of non-conductive material supporting the garment, to conform to
the shape it will assume when worn by the worker.

5.4.2 Type test
5.4.2.1 Test procedure

The test shall be made using an adequate AC or DC source to supply 200 mA for 1 min, and
using the volt-ampere-metric method with reading at the end of 1 min.

To reduce the value of the contact resistance between the garment and the metallic electrode,
a sufficient pressure should be applied during the test.

Readings shall be made using metallic electrodes or conductive painting with a maximum

contact area of 125 mm?2 and with adequate pressure. Readings shall include the electrode
contact resistance.

5.4.2.2 Measurement locations
The measurement locations are as follows.
a) For all garments, measurements shall be made between electrodes located approximately
50 mm from the fabric edge.
b) Points to be measured, as appropriate, are as follows:
— right wrist cuff to left wrist cuff;
— right ankle cuff to left ankle cuff;
— each wrist cuff to opposite ankle cuff;

— right bonding lead to left bonding lead for two-piece clothing (connection between

bonding lead and jacket). Documents
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5.4.2.3 Acceptable values

The test shall be considered as passed if the average resistance value measured between
these points does not exceed values specified in Table 3.

Table 3 — Maximum resistance for garment according to
the maximum voltage class of the conductive clothing

Class Resistance
Q
1 50
2 20

When separate items of the garment are purchased, the manufacturer and the customer may
agree to measurement points.

5.4.3 Alternative method to electrical resistance test in cases where garments have
completed the production phase

For conformity evaluation of garments having completed the production phase the test of 5.4.2
shall be performed but

— without the use of metallic electrodes or conductive painting,
— with the use of an ohmmeter with its contact electrodes.

To reduce the value of the contact resistance between the garment and the contact electrode,
a sufficient pressure should be applied during the test.

5.5 Tests of the complete conductive clothing
5.5.1 General

Unless otherwise specified, three items of complete conductive clothing shall be submitted to
the test.

All component parts of the conductive clothing intended for use together shall be assembled
according to the manufacturer’s instructions.

5.5.2 Integrity of the conductive clothing

A state of the whole integrity shall be verified by visual inspection according to the requirements
of 4.2.3.

5.5.3 Bonding test
5.5.3.1 Type test
In case of complete conductive clothing made of different component parts from different

manufacturers, the end user has the responsibility to ensure that the bonding requirement is
fulfilled.

The bonding resistance between the garment or pieces of garment and any component parts
shall not exceed values specified in Table 4.
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Table 4 — Maximum bonding resistance of the conductive clothing
according to its maximum voltage class

Class Bonding resistance
Q
1 100
2 40

The measurements required shall be made as specified using the procedure described in
5.4.2.1. The measurement locations are the following:

— palms of each glove;

— soles of each sock;

— palm of each glove and sole of the opposite sock;

— bonding lead and the palm of each glove;

— bonding lead and the sole of each sock;

— hood, face shield, helmet, scarf, and neck of the one-piece garment or of the jacket;

— hood, face shield, helmet, scarf, and the sole of each sock.

When an overshoe sock is used, the bonding to be considered shall be with the overshoe sock
instead of with the sock.

Readings may be made using electrodes as described in 5.4.2.1. The contact resistance of the
electrodes is included in the above readings.

5.5.3.2 Alternative method to bonding test in cases where conductive clothing and
component parts have completed the production phase

For conformity evaluation of complete conductive clothing having completed the production
phase the test of 5.5.3.1 shall be performed but

— without the use of metallic electrodes or conductive painting,
— with the use of an ohmmeter with its contact electrodes.

To reduce the value of the contact resistance between the garment and the contact electrode,
a sufficient pressure should be applied during the test.

5.5.4 Screening efficiency
5.5.4.1 General

There are two different methods. In case of dispute, the first method is the reference method.

5.5.4.2 First method

This test shall be carried out under the phase-to-earth voltage corresponding to the maximum
nominal AC voltage at which the clothing can be used, or an equivalent AC voltage
representative of a DC use voltage (see Annex A), according to the manufacturer’s declaration
(see 4.2.2 and 4.8).

For a maximum voltage class of conductive clothing, the test voltage shall not be higher than
the maximum values specified in Table 5 for this class.

NOTE A class 1 conductive clothing for an AC use can be tested for screening efficiency at any phase to earth
voltage lower than or equal to 462 kV RMS (class 1) or 578 kV RMS (class 2) and the manufacturer V\Dbmments
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phase to phase voltage corresponding to the test voltage as being the maximum nominal voltage at which the clothing

can be used.

Table 5 — Maximum phase-to-earth test voltage

according to the maximum voltage class of the conductive clothing

Class AC voltage
kV RMS
1 462
2 578

The earth (electrical ground) shall be at a distance D, in metres, given by the following formula

(values in the formula are with £2 % of tolerance):

p=Yest g5
100

where

Uiest 1S the test voltage, in kilovolts.

Insulation between the clothing and lower or upper earthed parts of the laboratory shall be
guaranteed by means of solid insulation or by means of air. When solid insulation is used, an
equipotential connection is required from potential to the live end of the insulation, to by-pass
any leakage current from measurement (see Figure 7a and Figure 7b). An equipotential
connection is not necessary if the mannequin is suspended directly from the live part because

no leakage currents are involved (see Figure 7c).
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Figure 7c — Mannequin suspended to the live parts
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Key

1 equipotential connection from “potential” to the 3 insulating tube supporting the platform under
insulated platform by which the mannequin is the mannequin from a large spherical electrode
supported, to by-pass any leakage current through
the insulation.

2 equipotential connection from “potential” to the live 4 earth (electrical ground)
end of the insulation, to by-pass any leakage
current through the insulation.

D distance between live parts and the nearest A screened micro-ammeter
electrical ground (earth)

1, total current flowing between the live electrode and I,  current flowing between the live electrode and
the conductive clothing connected to its conductive the conductive belt
belt

Figure 7 — Screening efficiency of conductive clothing — First method: Test set-up
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Key
potential 7 conductive clothing

2 screened micro-ammeter (suspended from the neck 8 insulating overall (total mannequin)

of the mannequin, the screening is connected
electrically to the conductive clothing)

3 contact: banana-type plug 9 conductive mannequin’s surface (total
mannequin)

4 connecting terminal on suit 10 equipotential connection from “potential” to
the insulated platform by which the
mannequin is supported, to by-pass any
leakage current through the insulation.

5 connecting terminal on mannequin (through a belt 11 insulation between the two terminals

made of conductive clothing worn next to the
mannequin — 10 cm wide)

6  conductive face screen or any other means to 12 earth (electrical ground)

protect the face

I, total current flowing between the live electrode and I, current flowing between the live electrode

the conductive clothing connected to its conductive and the conductive belt
belt

NOTE The insulation between the two terminals is checked before and after every test.

Figure 8 — Screening efficiency of conductive clothing —
First method — Details of the measurements
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The clothing bonding lead shall be connected to the live part simulating the high voltage line
conductor placed in front of the mannequin, as in working conditions, and according to the
measuring scheme adopted. The live parts shall be shaped in order to avoid corona phenomena
more severe than in service conditions and high voltage electrode shall be used.

The mannequin shall be conductive to simulate a human body. It shall be equipped with

(see also Figure 8)

— a conductive belt placed against the mannequin,

— an insulating suit,

— the complete conductive clothing under test (which includes the face screen or any other
means to protect the face).

Good insulation between the conductive clothing and the conductive belt worn by the
mannequin shall be checked before and after the test.

Direct reading is made on the screened micro-ammeter of

— the total current 7, flowing between the live electrode and the conductive clothing connected
to its conductive belt,

— the current I, flowing between the live electrode and the conductive belt.

The ammeter positions for measuring 7, and I, for the screening efficiency test are shown in
Figure 9.

The manufacturer shall provide the user with the value of 7,, to permit calculation of the
maximum current density in the body if needed.

Position for measuring /,: The current measured is the total charging current; it is the current to which the
worker would be exposed if he or she were not wearing conductive clothing.

— _ 4 ’4 /ﬁ
, .

Worker + conductive clothing
|

IEC

Position for measuring 7,: The charging current of the conductive clothing by-passes the micro-ammeter and
the current measured is that which passes into the worker only.

IEC

Worker only

Figure 9 — Position of ammeters for screening efficiency test
Efficiency of conductive clothing, ECC, in decibels, is given by the formula:

ECC=20 |Og10 (1—1]
I

The test shall be considered as passed if the efficiency of conductive clothing is greater than
the values specified in Table 6.
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Table 6 — Minimum screening efficiency of conductive clothing
according to the maximum voltage class

Class ECC
dB
1 40
2 50

5.5.4.3 Second method

An alternative method to check the screening efficiency is the following.

A mannequin with a conductive surface in conductive clothing shall be placed in a homogenous
electric field with amplitude of 100 kV/m.

It is proposed to place the energized conductor 300+S’0 mm from the mannequin, (200 + 20) mm

below the shoulder line, as shown in Figure 10.

Dimensions in millimetres

IEC

Key
1 mannequin 4 microammeters or nanoammeters or picoammeters
2 conductive clothing 5 insulating plate

3 energized conductor

1body current that passes through only the body of the operator

1Clothing current that passes through only the conductive clothing

Figure 10 — Second method to check the screening efficiency

Screening efficiency of the conductive clothing is measured as the ratio between currents
Iclothing and Ibody'

Ipody is the current that passes through only the body of the operator. Documents
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