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INTERNATIONAL ELECTROTECHNICAL COMMISSION
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PROTECTIVE CLOTHING AGAINST
THE THERMAL HAZARDS OF AN ELECTRIC ARC -

Part 2: Requirements

2018

FOREWORD

Thee International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
alll national electrotechnical committees (IEC National Committees). The object ofEC is to prf
infernational co-operation on all questions concerning standardization in the electrical and'€lectronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in|the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this pregaration. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IELC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IE€\National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possiblg\in their national and regional publications. Any diver
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEL itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some.areds, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that theyhave the latest edition of this publication.

Nq liability shall attach to 4EC: or its directors, employees, servants or agents including individual exper
me¢mbers of its technical.€ommittees and IEC National Committees for any personal injury, property dam
other damage of any.‘'nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pdblications.

Atiention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atiention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
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paltent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.


https://iecnorm.com/api/?name=badebbd40deec0bca58c35bd66a246d2

IEC 61482-2:2018 RLV © IEC 2018 -5-

International Standard IEC 61482-2 has been prepared by IEC technical committee 78: Live
working.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

a)
b)
c)
d)
e)

new definition for ELIM, ATPV and EBT as used in accordance with IEC 61482-1-1:—;

nEw requirements for the thermal stability of the infermediate Tayers;
additional material requirement for volume resistance;

new test procedure for the thermal resistance of sewing threads;
ngw symbol for marking.

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

FDIS Report on voting
78/1205/FDIS 78/1228/RVD

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

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

Terms defined in Clause 3 are given in italic ptint throughout this standard.

A list of all parts of the IEC 61482 series, published under the general title Live work
Protgctive clothing against the thermalhazards of an electric arc, can be found on thg
websgite.

The committee has decided.-that the contents of this publication will remain unchanged
the gtability date indicated“~en the IEC website under "http://webstore.iec.ch" in the
related to the specific publication. At this date, the publication will be

—

g¢confirmed,

wlithdrawn,

—

gplaced by a revised edition, or

amended.

rt on

ng —
IEC

until
data

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 publication using a colour printer.
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INTRODUCTION
This document has been prepared in accordance with the requirements of IEC 61477.

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

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 U1 iUIIy-‘lUIIII u'watiuu, dllul ULLul at t;lc giu'uai, |cgiunai Ul iUbdi iUVUi.

This document does not include requirements and test provisions for the manufactdrers qf the
prodIct, or recommendations to the users of the product for environmental improvement.
Howegver, all parties intervening in its design, manufacture, packaging, distribution, [use,
mainfenance, repair, reuse, recovery and disposal are invited to .take accournt of
envirpnmental considerations.
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LIVE WORKING -
PROTECTIVE CLOTHING AGAINST
THE THERMAL HAZARDS OF AN ELECTRIC ARC -

Part 2: Requirements

1 Scope

This
of ex

This
for p
booo

posure to an electric arc hazard.

document specifies requirements and test methods applicable to materials’and garn
rotective clothing for electrical workers against the thermal hazards) of an electri

part of IEC 61482 is applicable to protective clothing used in work where there~js_th¢ risk

nents
C arc

Elecfric.shock hazard is not covered by this document, which is applicable in combination

with

standards covering such hazards.

Other effects than the thermal effects of an electric arc like noise, light emissions, pressure
rise, hot oil, electric shock, the consequences of physical and mental shock or toxic
influences are not covered by this document.

Protection of eyes, face, head, hands and feet against electric arc hazard is not covered by
this document.

NOTE Requirements and tests to cover electric arc hazards to these parts of the body are under development.

Protective clothing for work intentionally using an electric arc, e.g. arc welding, plasma torch,
is not covered by this document.
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2 Normative references

2018

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

|EC 4348200 Live—working——GConformity—assessment—applcable—to—tools—devices and
equigpment

IEC $1340-2-3:2016, Electrostatics — Part 2-3: Methods of test for determining the resislance
and fesistivity of solid materials used to avoid electrostatic charge accumulation

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

IEC $1482-1-1:—1, Live working — Protective clothing against. the thermal hazards qf an
electric arc — Part 1-1: Test methods — Method 1: Determination.of the arc rating (ELIM, HTPV
and/Qr-Egtsq EBT) offlame-resistant-materialsfor clothing materials and of protective clothing
using an open arc

IEC 6$1482-1-2:2007, Live working — Protective claething against the thermal hazards ¢f an
electlric arc — Part 1-2: Test methods — Method-<2; "Determination of arc protection clags of
matefial and clothing by using a constrained ané@l directed arc (box test)

1ISO R175.2 Teavtiles Drafacsional card. drveleaning  and weteleaning of fahricsl and
"~ T =, AtITUY Urvouorurid Uy dryorodt Ty e vetorodrmt g v “ToTToY oy
aar. ntc Daort 2- Drocodure for testid nerformance—when cleanina—and- finishinag—lUsino
uu'll Tt T T’ =3 LI AT AAA L= § j v TOT E\/\)llny ’sl\l'lullllulluv vwWITTeTT U'\lulll"g aTTar lllll\)llllly J\)l'ly
tetrag¢hloroethene

ISO $146, Plastics — Determination of melting behaviour (melting temperature or melting
range) of semi-crystalline polymeérs by capillary tube and polarizing-microscope methods

ISO 3758, Textiles — Care.labelling code using symbols

ISO %077, Textiles ~Determination of dimensional change in washing and drying

368871998 2013, Protective clothing — General requirements

ISO 13934-1, Textiles — Tensile properties of fabrics — Part 1: Determination of maximum

force

and elongation at maximum force using the strip method

ISO 13937-2, Textiles — Tear properties of fabrics — Part 2: Determination of tear force of

trous

ISO 13938-1,

er-shaped test specimens (Single tear method)

determination of bursting strength and bursting distension

1 Under preparation. Stage at time of publication: IEC CDV 61482-1-1:2017.

Textiles — Bursting properties of fabrics — Part 1. Hydraulic method for
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ISO 13938-2, Textiles — Bursting properties of fabrics — Part 2: Pneumatic method for
determination of bursting strength and bursting distension

ISO 15025:2000, Protective clothing — Protection against-heat-and flame — Method of test for
limited flame spread

ISO 17493:2016, Clothing and equipment for protection against heat — Test method for
convective heat resistance using a hot air circulating oven

ISO 30023, Textiles — Qualification symbols for labelling workwear to be industrially{ayndered

3 Terms, definitions, symbols and units

3.1 Terms and definitions

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

ISO Ind IEC maintain terminological databases for use in ‘standardization at the follqwing
addresses:

EC Electropedia: available at http://www.electropgdia.org/

$0 Online browsing platform: available at httpsYwww.iso.org/obp

3.11
arc grotection class
APC
<elegtric arc testing> category of arc thermal protection of a material and/or product tested in
accofdance with the box test (APC_tyor APC 2)

Note 1 to entry: The arc protectionsclass is characterized by the test energy level of arc exposure (arc enerqy and
incidept energy).

Note 4 to entry: Tested material and/or products show arc thermal protection at minimum up to the class ¢nergy
level But, in general, the a€tual exposure energy limit up to which the material and/or product provide protecfion is
highet.

3.1.2
arc rpting
<elegtric arestesting> numerical value attributed to a product, that describes its protdctive
perfdrmatce when exposed to an electric arc

Note 1 to entry: The arc rating can be the arc thermal performance value (ATPV), the breakopen threshold energy
(EBT) or the incident energy limit (ELIM).

Note 2 to entry: The arc rating is expressed in kJ/m?2 (cal/cm?).

3.1.3

arc thermal protection

<electric arc testing> degree of thermal protection offered against electric arc under specific
arc testing conditions indicated by either arc rating or arc protection class

Note 1 to entry: For materials, the arc thermal-performance protection is obtained from the measurement of the
transmitted energy and by evaluation of other thermal parameters (burning time, hole formation, melting).

Note 2 to entry: For garments, the arc thermal-perfermance protection is obtained by evaluation of thermal
parameters (burning time, hole formation, melting) of the material(s) from which the garment is made and of the
functioning of fasteners the closures and accessories.
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3.1.4
arc thermal performance value
ATPV

NOTE ATPV is expressed-in kd/m? or kW-s/m2 (callem?).2}
[DefiprHorm3—tA—of+H=

<elegtric arc testing> numerical value of incident energy attributed to a product th dribes
its thermal properties of attenuating (reducing) a heat flux generated by an electr%

a

Note 1 to entry: The ATPV of a material or material assembly is calculated using |OgIStI6]/ ression arjalysis
applied to the data points obtained from testmg a set of test specimens. It is the value of ent energy at|which
the hefat transfer through the test specimens is enough to reach the Stoll criteria with 50, obablllty

Note 4 to entry: The ATPV attributed to a garment or garment assembly is either @to or lower than thel ATPV
of the|material or material assembly of which it is made, depending on whethe hb tested specimen(s) fulfjl also
additignal visual design and performance assessment criteria.

3.1.5 \Q/C)

breakopen threshold energy 6\

Egtsh EBT (<

incidpnt energyon-afabric-ormaterial that resu “v: 50-% probab oo e

= e RE I e Sree -e\-. e-the-testea-specimen-tobreak4gpen
QO

NOTE| 2 or kW-s/m? {callcm?).3)

R ReTP SO

<elegtric arc testing> numerical valueﬁ@fncident energy attributed to a product that descfribes
its breakopen properties when expg@a to heat flux generated by an electric arc

Note 1 to entry: The EBT of a mé%&?a/ or material assembly is calculated using logistic regression arlalysis
applied to the data points obtaine(? m testing a set of test specimens. It is the value of incident energy at|which
break¢pen occurs with 50 % probability.

Note 4 to entry: The EBT] uted to a garment or garment assembly is either equal to or lower than the EBT of
the mpterial or materia mbly of which it is made, depending on whether the tested specimen(s) fulf|l also
additignal visual desi&o d performance assessment criteria.

el EOQ’
NS
3.1.6

electric arc
self-maintained gas conduction for which most of the charge carriers are electrons supplied
by primary-electron emission

Note 1 to entry: During live working, the electric arc is generated by gas ionization arising from an unintentional
electrical conducting connection or breakdown between live parts or a live part and the earth path of an electrical
installation or an electrical device. During testing, the electric arc is initiated by the blowing of a fuse wire.

2)_Correlation 1 callem? = 41,868 kd/m?; 1 kd/m? = 0,023885 callem?.
3)_Correlation1-calem?-=41-868 kd/m2- 1 kd/m2 = 0023885 callcm?-
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[SOURCE: IEC 60050-121:1998, 121-13-12, modified — Note 1 to entry has been added to
refer specifically to live working and arc testing.]

3.1.7

electric arc hazard

potential harm from an energy release from an electric arc usually caused by a short circuit or
equipment failure in electrotechnical work

Note 1 to entry: An electric arc hazard exists when live electrical conductors or parts are exposed and when they
are inside an item of equipment, even when guarded or enclosed, if a worker is interacting with the equipment in a
way which could cause an electric arc. Under normal operating conditions, enclosed energized equipment that has

b L =i H P~ - tallad <k HC P~V P~ CSH) L rS L r L >~
S ————

Note 4 to entry: Documents such as NFPA 70E, IEEE 1584, ISSA Guide, and DGUV-l 203-77 help, to g4ssess
hazardls from the practical perspective.

Note 3 to entry: The hazards may include thermal effects, noise, pressure wave effects, ej@%parts effects,
molterh metal, optical and other effects. Different PPE (personal protective equipment) may pT/ quired to grotect
from different effects. It is important that the risk assessment consider all the potential effegts.

4
3.1.8 (bql
garment X

singlg item of clothing which-may can consist of single or multiple {ayers of material

O
3.1.9 \(</
S

*

garnjent system
garment assembly for which a specific arc rating or Qc protection class is attributed |after

havirlg performed an arc test Q

A\
3.1.10 s\\\;
hardware

non-fabric items forming part of or optional *e’gtras in a garment

3.1.111 A’\Q’
incident energy limit (e
ELIM A

<elegtric arc testing> numeri% alue of incident energy attributed to a product, below which
therg is no data point with @ amount of heat transmitted through the product reaching the
Stoll [criteria or with the&jduct exhibiting breakopen

Note 1 to entry: The Ecﬁf a material or material assembly is calculated from data points obtained from festing
a set ¢f test specim&@ ich are also used for the determination of the ATPV and/or EBT.

Note 3 to entry: @e ELIM attributed to a garment or garment assembly is either equal to or lower than thg ELIM
of the|materia aterial assembly of which it is made, depending on whether the tested specimen(s) fulfjl also
additignal v'%

3412

design and performance assessment criteria.

substances, excluding hardware, of which an item of clothing is made
[SOURCE ISO 11612:2015, 3.13]

3.1.13

open arc

<electric arc testing> electric arc between two vertically opposing electrodes intended to
provide an equal distribution of emitted energy around the centre line formed by the
electrodes and where the emitted energy is not directed by means of any physical constraints
(e.g. enclosure, wall)
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3.1.14

protective clothing

clothing which covers or replaces personal clothing,-and-which-is-desighed-to-provide-clothing
which—covers—orreplaces—personal—clothing and which is designed to provide protection

against one or more hazards

[Befinition3-4-0f1SO0-13688:4998 SOURCE: ISO/TR 11610:2004, 3.178]

3.2 | Symbols and units

APC arc protection class 1or2

ATP arc thermal performange value kJ/m?2 or cal/cm?
EBT breakopen threshold\&nergy kJ/m?2 or cal/cm?
ELIM incident energy.finit kJ/m2 or cal/cm?

NOTE| 1 kJ/m? =1kW-s/m? =0,1 J/cm?'<0,023885 cal/cm?

1 callcm? = 41,840 kJ/m? 2445840 kW -s/m?
4 Requirements

4.1 General

Gengral requirements for protective clothing against the thermal hazard of an electri¢ arc
whiclh are not-specifically covered in this document shall be in accordance with ISO 1368

A~

4.2 | ‘Design requirements for protective clothing
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Garnjents protecting the upper pam@ the body shall have sleeves which extend to provide full

cove
lowe

Closyres of the garme

after

Acce
cons
elect
testi

age to the wrists and sh@:)&provide coverage up to the neck. Garments protectin
part of the body shall @’)&v de full coverage from the waist to the ankles.

being exposedé)@n arc when tested according to 5.2.5.

5sories ( abels, badges, retro-reflective material) and closures used in gar
ruction Il not contribute to the severity of the injuries to the wearer in the event
Fic ar related thermal exposure when the clothing is tested according to the gar

j the

l@hﬁll be designed in a way that the opening function is still présent

iment
pf an
ment

g %/ eparation of the closure shall not occur.
A\

Sewing thread utilized in the construction of garments shall be made of an inherently flame-
resistant fibre and shall not melt when tested according to 5.2.5. Threads in seams that have
no influence on protection, e.g. hems, pocket seams, need not be flame resistant.

No uncovered outside metal parts shall be permitted in the clothing. Hardware penetrating the
outer material of the garment shall not be exposed to the innermost surface of the garment.

All exposed parts of a garment shall be made of arc thermal protection materials. In case
different materials are used for the front and back of the garment, the exact information shall
be given in the instructions for use where the weakest area is located (e.g. by means of a
drawing of the garment including dimensions and warning indication).
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1 The user can carry out a hazard risk assessment to determine the level of protection needed. Docu

2018

ments

such as NFPA 70E, IEEE 1584, ISSA Guide, and DGUV-lI 203-77 help to assess hazards from the practical
perspective.

For garments covering torso and arms, the front side and the sleeves all around the arms and

over

their complete length shall fulfil the same arc thermal protection.

For garments covering legs, the front over the complete length shall fulfil the same arc
thermal protection.

For coveralls, both requirements for garments covering torso and arms and garments covering

shall he fulfilled

legs

Whe
corre
stang
finge

If an
this d

NOTE]
respo

4.3
4.3.1

Mate|

4.3.2

Mate|

IEC 60895, when tested according 6
b\

4.3.3

4.3.3(

3

e protection is provided by an outer two-piece suit, it shall be determined@:ﬁ
ctly sized for the wearer, an overlap between the jacket and trousers rema'cef her
ing wearer firstly fully extends both arms above the head and then beng\over unt
Ftips touch the ground when tested according to 5.2.1. (1/

%
hanufacturer makes claims for a garment system as arc thermaébﬁa&ecﬁve clothing,
arment system shall be tested and shall fulfil the requirements,\ is document.

2 If the user is wearing garments from different manufacturers as @thermal protective clothing,
sible for assessing how the assembly fulfils the requirements of this\@yument.

General material requirements << @)
Heat resistance QQ

rials shall not ignite, melt or shrink by morq\{&n 5 % when tested according to 5.3.1
Z

Volume resistance \\,Q

N

rials of the garment using elecfé'\&lly conductive fibres, except for garments me
.3.2, shall have a volume resistance of at least 109

Limited flame spre%@#material
1 Classificati$o,fcﬁmited flame spread-index

ateria@gmll achieve a specified limited flame spread index when tested accordi

vhen
one
| the

then

he is

eting

hg to

az(cgghall be classified according to Tables 1 to 4.
N\

4.3.3

.2 Single-layer material

If a single-layer material is used in the garment, this material shall fulfil the—limited—flame
spread-index-3 requirements given in Table 1.
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Table 1 — Single-layer material

Property

Requirement

Flame spread

No specimen shall permit any part of the lowest boundary of any flame to reach the upper or
either vertical edge.

Flaming debris

No specimen shall give flaming or molten debris.

Hole formation

No specimen shall give hole formation of 5 mm or greater in any direction.

Afterglow Afterglow time shall be < 2 s.
A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion and,
for the purpose of 4.3.3.2. shall not be regarded as afterglow

After{flame Afterflame time shall be < 2 s. A

4.3.3.3 Multi-layer material

If thg garment consists of multiple layers, all outer-layer ar@mermost-layer materials |shall

fulfil the requirements given in Table 2.

S

Table 2 — Outer and innerm&@%yer materials

Property

“@uirement

Flamg spread

=

No specimen shall permit any part of @}owest boundary of any flame to reach the upper
either vertical edge. I\

Flam|ng debris

No specimen shall give flaming;Q\molten debris.

Hole formation

No specimen shall give hole-&b(eration of 5 mm or greater in any direction.

Afterglow Afterglow time shall be \'@s
A glowing inside th%\‘arred area is defined in ISO 15025 as afterglow without combustion|and,
for the purpose »3.3.3, shall not be regarded as afterglow.
Afterflame Afterflame t&me,;h’all be <2s.
N
In adldition, if t@%arment consists of more than two layers, each intermediate Ipyer,

depehding on<§l
thernpal prot(c) n or not, shall fulfil Table 4 or Table 3, respectively.

N

Tebie

intention declared by the manufacturer to contribute either to thg arc

3 - Intermediate layer material not intended for arc thermal protection

Property

Requirement

Flame spread

No specimen shall permit any part of the lowest boundary of any flame or hole to reach the
upper or either vertical edge.

Flaming debris

No specimen shall give flaming or molten debris.

Afterglow

Afterglow time shall be < 2 s.

A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion and,
for the purpose of 4.3.3.3, shall not be regarded as afterglow.

NOTE Such intermediate layers are only used for specific protection other than arc thermal protection, for
example protection against liquid penetration and/or wind.
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Table 4 — Intermediate layer material intended for arc thermal protection

Property Requirement

Flame spread No specimen shall permit any part of the lowest boundary of any flame to reach the upper or
either vertical edge.

Flaming debris | No specimen shall give flaming or molten debris.

Hole formation | No specimen shall give hole formation of 5 mm or greater in any direction.

Afterglow Afterglow time shall be < 2 s.

A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion and,
for the purpose of 4.3.3.3, shall not be regarded as afterglow.

After{flame Afterflame time shall be < 2 s.

NOTE Such intermediate layers are designated to increase the arc thermal protection.

4.3.j Mechanical properties of-woven outer material
1

4.3. Tear resistance

Wovén and laminated outer material shall have a tear resistance;of at least 15 N for weight
highar than 220 g/m?2 or at least 10 N for weight-within—150-g/m2-and of 220 g/m2 or belpw in
the machine and the cross directions when tested according t04S0-143937-2 5.3.4.1.

4.3.4.2 Tensile strength

Woven and laminated outer material shall have a téemsile strength of at least 400 N for weight
highar than 220 g/mZ2 or at least 250 N for weight-within150-g/m2-and of 220 g/m2 or belpw in
the machine and the cross directions when tested-according to+S0-143934-1 5.3.4.2.

4.3.43 Burst strength-of knitted-outer-material

The knitted outer material shall have-a'burst strength of at least-2068 100 kPa while us|ng a
50 cm? test area, or of at least 200.kPa while using a 7,3 cm? test area when tested accofding
to1SP-13938-1 5.3.4.3.

4.3.5 Dimensional change of material due to-laundering-and/or-dry cleaning-of-oyter
material

D
0]
=S

D
(0]
-

The woven and Taminated outermost and innermost material shall have a dimensional change
not exceeding £ 3 % in either length or width direction when tested according to 5.3.5.

The knitted outermost and innermost material shall have a dimensional change not exceeding
+ 5 % when tested according to 5.3.5.

NOTE To verify the shrinkage of each single layer in a multi-layer assembly, it can be helpful to test the assembly
closed by sewing around the edges.

4.4 Arc thermal-resistanece protection requirements
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4.41 General

The protective clothing shall have protection properties against the thermal effects of an
electric arc.

Two test methods have been developed to provide information on the protection of clothing
from the thermal effects of electric arcs. Each method gives different information.

The test shall be performed on the material and the finished garment by using test methods
IEC 61482-1-1 or/and IEC 61482-1-2 and both the material and garment shall fulfil the
requirements. Depending on the needs, either or both standards can be specified.
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NOTE Depending of the characteristics of the power system and equipment (e.g. medium voltage or low voltage,
available short-circuit current, protection characteristics) and the location in the system where the live working is
performed (e.g. close to the substation or not), the possible energy in the arc is different. These elements influence
the needs in terms of the required thermal resistance to electric arc.

If other material(s) are used for the back (rear or dorsum), they shall fulfil at least a minimum
arc rating according to IEC 61482-1-1 or the minimum requirements of Class 1 according to
IEC 61482-1-2. The label of the garment shall reflect the lowest of these ratings.

4.4.2 Arc rating

When tested according to IEC 61482-1-1, the protective clothing made of the tested material
shallfmaveanarc ratimg A Tmanufacturer may assign a tOWer arc rating vatue to a materjal or
protgctive clothing than the value resulting from testing.

Protgctive clothing shall have a minimum arc thermal protection, where the ELHV is at |least
130 kJ/m2 (3,2 cal/lcm?) and where the lower value of ATPV and EBT is at(east 167 HJ/m?2
(4 cal/cm?2). In case only either ATPV or EBT can be determined, this value ishall be at [least
167 KJ/m2 (4 cal/cm?).

Due |to the limitations of test apparatus at very high energy arcs, no arc rating gbove
4184 kJ/m2 (100 cal/cm?2) shall be assigned to garments.

NOTE|1 The higher the arc rating, the better the arc thermal protection tnider higher incident arc energy (higher
current value, longer exposure time).

NOTE|2 According to safety regulations, the necessary arc rating ts\determined by risk analysis. Guidance {or the
appropriate selection of an arc rating is provided in other separdig ‘standards, e.g. in IEEE 1584 and NFPA 7(E.

4.4.3 Arc protection classes

When tested according to IEC 61482-1-2, therprotective clothing made of the tested maferial
shall|be assigned an APC 1 or an APC 2depending on the test conditions and the resllting
arc fthermal protection. Protective claéthing shall demonstrate a minimum arc thg¢rmal
protgction of APC 1. An APC 2 indicates a higher arc thermal protection.

NOTE| The necessary arc protection ¢lass is determined by risk analysis. Guidance for the appropriate selfection
of the|arc protection class is provided WY other separate guidelines, e.g. in ISSA Guide and DGUV-I 203-077.

4.5 | Marking
Eachi-garmentfor-whish-compliance—with-this—standard-is—claimed Protective clothing shpll at

least| be marked with information as outlined in Clause A.1. The marking shall meet the
genefal requirements of marking in ISO 13688.

If a garment'is made of different materials or different numbers of layers (e.g. only the|front
part pfAhe/garment-is-made-with-mere-material consists of multiple layers), the label gf the
garmeht’shall indicate the lowest of the arc ratings and/or arc protection class.

If a garment manufacturer claims protection by a garments system (e.g. jacket with a shirt,
removable lining of a jacket), the marking shall make the correct use clear for the end user.
The marking of a garment system shall mention each item of the system, identified by a clear
reference code, and, if determined, the obtained arc thermal protection, as well as the arc
ratings and/or arc protection class of the whole garment system.

NOTE In a garment system, it may be possible to write "not determined" for arc thermal protection in the marking
of the single item.

4.6 Instructions for use

Protective clothing shall be supplied with the manufacturer’s written instructions for use and
care.
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These instructions shall be prepared in accordance with Clause A.2, and with the general
provisions given in IEC 61477 and ISO 13688.

Additional information for use and maintenance are given in Clause A.2.

5 Tests

5.1 General

5.1.1 Overview

This [document provides testing provisions to demonstrate compliance of the product ‘with the
requirements of Clause 4. These testing provisions are primarily intended to be usedvas|type
tests| for validation of the design input. Where relevant, alternative meanso(calculation,
exanjination, tests, etc.), are specified within the test subclauses mentioned iq“T'able B]1 for
the plurpose of protective clothing having completed the production phase.

Testg of requirements which are not specifically covered in this cdocument shall he in
accofdance with 1ISO 13688.

A lisf| of type tests with reference to corresponding subclauses,is_given in Table B.1.

5.1.2 Test conditions

The [conditioning atmosphere for the tests according to 5.3 shall be the temperpture
20 °C¢ + 2 °C and relative humidity 65 % + 5 % for.24"h.

5.1.3 Pre-treatment-Laundering-and/or&ry by cleaning

Fordreetoctne cnd oo doctine of ot dole on copennnte (E0 0 andl Bl cnel fon foetiog
accofding to 5.3.2.1, 5.3.2.2, 5.3.3 and-5.3.4, the specimen shall be washed five timeg in a
front{loading horizontal drum machine; using 1 g/l of detergent 3-in soft water and finally dried
in-acpordance with the procedures of ISO 6330. Washing shall be carried out by procedufe 2A
(B0° L 4+ 2° ) and drvina bv _nracedure E (tuumble drvina) unlecs otherwica enacified ih the
2o +-3°-C)-and-drying-by-procedure—E{tumble—drying)-unless—otherwise-specifiedifi-the
e A

For tpsting heat resistanee (5.3.1), volume resistance (5.3.2), flame testing (5.3.3), testihg of
mechanical properties-/(5.3.4) and arc testing of material and garments (5.4.1), thel| test
spec|mens shall be pre-treated by cleaning.

The ¢leaning shall be in line with the manufacturer's instructions on the basis of standarglized
procg¢ssesSThe tests shall be carried out after five cleaning cycles (a cleaning cycle iy one

wash

and-ene dry cycle).

If washing is permitted as well as dry cleaning, then the specimen shall only be washed.
Products which are labelled as dry cleaning only shall be dry cleanedfive-times-in-accerdance
with-1SO-3175-2 only.

NOTE Manufacturer's instructions typically indicate one or several of the various methods and processes of
ISO 6330, ISO 15797, ISO 3175-2 or equivalent standardized processes for washing.

5.2

5.2.1

Tests of design requirements for protective clothing

General

The compliance with the requirements of 4.2 shall be verified by visual inspection or other
appropriate means for validation.
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For interfaces/overlap, conformity shall be checked by visual inspection including an
assessment of fit and physical measuring when the appropriate size of clothing is donned by a
wearer.

5.2.2 Garment construction and workmanship

If applicable, the garment or garment system construction shall be inspected visually for the
following design properties:

— long sleeves which extend to provide full coverage to the wrists;
. | | I " ,
| o of . ial.

— fyll coverage from the waist to the ankles;

— cpverage up to the neck;

|
>

b uncovered outside metal parts;

>

b hardware parts that penetrate from the outside to the innermost surface;

dentical arc thermal-performance protection of front side and complete sleeves.

If thg garment or garment system is made of different materials,.it‘shall be-inspected chgcked
by irflspection whether the instructions for use clearly indicatethe weakest area (drawing,
warn|ng indication).

5.2.3 Size designation and ergonomics

The |conformity to size designation shall be checked by measurement. The conformity to
ergonomics (design appropriate to not hinder therwearer performing work) shall be chgcked
by ingpection when the appropriate size of clathing is-denned put on by a wearer (human test
persgn).

NOTE| Procedures for checking of ergonomic~features of protective clothing are described in—Annexi-B—of
1SO-14642 Annex C of ISO 13688:2013.

5.2.4 Ageing

When the manufacturer’s instructions for use give a maximum number of cleaning cycles, the
requirements for limited flame spread (4.3.3) shall be met after the maximum number of
cleaning cycles indicated by the manufacturer. If the maximum number of cleaning cycles is
not specified, the test (5.3.3) shall be carried out after five cleaning cycles. Number of cycles
used shall be reflected in the manufacturer’s instructions for use (Clause A.2). The cleaning
process shall be in line with the manufacturer’'s instructions, on the basis of standardized
processes.

5.2.5 Threads,—accessories and closures

Sewing thread-used-for-theouter-—andfor-innermost-materials utilized in the construction of
garments shall be tested according to ISO-47493 3146 Method B at a temperature of 260 °C +
5 °C.
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The function of the closures shall be tested by practical performance test after completion of
the arc thermal test in 5.4. A garment shall be considered as fulfilling the requirement if the
opening of the closure by a person does not last more than 30 s.

5.3 Tests of general material requirements
5.3.1 Heat resistance

The test shall be carried out according to ISO 17493:2016, 8.1 after pre-treatment according
to 5./1.3 at a temperature of 180 +g °C for an exposure time of 300 +105 S. Materialsﬁan be

eithel tested separately or as assembled in the garment. Q}/

NOTE| To verify the shrinkage of each single layer in a multi-layer assembly, it can be helpful ngst the asgembly
closed by sewing around the edges. (l/

5.3.2 Volume resistance (1//(1’

The [test shall be carried out according to IEC 61340-2-3:2016,7\&2.3 after pre-treafment
accofding to 5.1.3.

NOTE| Test according to EN 1149-2 may show comparable results.

5.3.3 Limited flame spread of material {<

The [test shall be carried out accordin \fo ISO 15025, Procedure A after pre-treafment
accofding to 5.1.3. A\Q)

If thg garment consists of a singﬁ\gyer, specimens shall be tested by applying the flame to
the outer surface of the materie{t.)

If thg garment consists of multiple layers, specimens of the material assembly shall be t¢sted
by applying the flamb h to the surface of the outer material of the garment and tp the
innermost surface o garment.

5.3.4:] Mech@l properties of-wowen outer material
5.3.41 C)%C;r resistance

The teé

For woven and laminated outer material, the test shall be carried out according to
ISO 13937-2. If the garment consists of several layers, only the outer material shall be tested.

5.3.4.2 Tensile strength

For woven and laminated outer material, the test shall be carried out according to
ISO 13934-1 (strip). If the garment consists of several layers, only the outer material shall be
tested.
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5.3.4.3 Burst strength-of knitted-outer-material

For knitted outer material, the test shall be carried out according to either 1ISO 13938-1 or
ISO 13938-2. If the garment consists of several layers, only the outer material shall be tested.

5.3.5 Dimensional change due to laundering and/or dry cleaning-of-outermaterial

ecimehs in
ecHMepsS—h

The lest procedure shall be carried out in accordance with 1ISO 5077 after five gle@ning cycles
(a clganing cycle is one wash and one dry cycle) according to manufacturer's.instructions

NOTE| Manufacturer’'s instructions typically indicate one or several of the various meth6ds and processges of
ISO 6830, ISO 15797 or equivalent, as standardized processes for cleaning.

5.4 | Tests of arc thermal-resistance protection requirements
5.4.1 Type tests

At least one of the two possible standard tests according t6 4.4 shall be performed.

EC 61482-1-1 (ATRP\/-test method 1, both-methgd ‘procedure A and-methed procedurg B).
Testing according to IEC 61482-1-1:— provides\the ELIM, ATPV or EBTgg.

EC 61482-1-2 (box-test method 2, both material box test-methed procedure and ganment
bpx test-method procedure).

Testing according to IEC 61482-1-2 miakes it possible to decide whether the requirements
of Class 1 or Class 2 are fulfilled.

The @rc exposure shall be applied t6"the outer surface of the test specimens.

If thg garment or the garménf*system consists of layers intended for arc thermal protdction
(see|Tables 1, 2 and 4), the material test shall be done on test specimens consisting pf all
layerp.

If thg garment or \the garment system consists of multiple layers and there are intermediate
layerp not integdéd for arc thermal protection (see Table 3), the material test shall be done on
test $pecimens ‘consisting of all layers which are on top of the outermost intermediate |ayer
that is not.intended for arc thermal protection.

5.4.2l ~"Alternative means to arc thermal-resistance protection test to fulfil conformity
assessment of protective clothing having completed the production phase

There is no real alternative test to the arc thermal—+esistance protection test (destructive test)
after completing the production phase for checking the conformity to the associated
requirement.

Nevertheless the garment manufacturer shall prove that he has followed the same
documented assembly procedure with identical components (materials and accessories) as
per the type tested garment. The material manufacturer shall prove that he has followed the
same documented manufacturing process as per the type tested material.
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5.5

5.5.1

Marking

Visual inspection

It shall be checked by visual inspection whether the requirements of 4.5 are fulfilled.

5.5.2

Durability of marking

The marking shall be rubbed for 15 s + 1 s with a water-soaked lint-free cloth and then be
rubbed for 15 s + 1 s with a lint-free cloth soaked with isopropanol (CH5;-CH(OH)-CH3).

NOTE]|
safety]

The
not ¢

5.6
It shd

6 (
K

For d
used

Anne
for f
A rat

7 Modifications

Any modification of the materiaffrom which the garment is made, as well as any modific

of th
modi
use i

T 1S not Within the-auty ScCOpe Of-an employer s _document 10 _ensure that the relevant fegisiatl
requirements for the use of this chemical are complied with in their entirety.

urled or become detached.

Instructions for use

Il be checked by visual inspection whether the requirements of 4.6 are fulfilled.

fonformity assessment of protective clothing having completed the
yroduction phase

onducting the conformity assessment during the-production phase, IEC 61318 sha
in conjunction with this document.

x C provides the classification of defects "and identifies the associated tests appli
bllow-up of production of protective clathing intended to comply with this docur
onale for this classification is given in Ahnex D.

b design, shall require thé type tests to be repeated, in whole or in part (if the degr
fication so justifies)s.and shall require a change in garment marking and instructior
[ needed.

n and

est shall be considered as passed if the marking is still easily legible and thé&.labe] has

Il be

cable
hent.

ation
ce of
s for
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Annex A
(normative)

Marking and instructions for use

A.1  Marking

Each garment or garment system complying with this document shall have a marking label
which shall contain at least the following items of marking:

bme, trade mark or other means of identification of the manufacturer or of its authofrized
gpresentative;

= 3

designation of the product type, commercial name or code;
— sjze designation according to Clause 6 of ISO 13688:2013;
care labelling in accordance with ISO 3758 and/or ISO 30023;

— symbol IEC 60417-6353:2016-02 — Protection against the thermal effect of the electric arc
— and, adjacent to the symbol, the number of the relevant IEC standard (IEC 61482-2) and
the arc thermal protection in the form of arc rating (ELIM and/or the lower value of
either ATPV or EBT) and/or arc protection class (APC 1 or APC 2).

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

NOTE 2 The text in the boxes below the symbol are examples.
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[ ]

IEC 61482-2
ELIM = yyy cal/cm?
ATPV = xxx cal/cm?

or

IEC 61482-2
APC =y

or

IEC 61482-2
ELIM = xxx cal/cm?
APC =z

or
IEC 61482-2

undershirt ref. AAA: not,determined
jacket ref. BBB: ATPV = xxx c¢dl/cm? / APC =y
parka ref. CCC: ELIM = xx¥xsal/cm? / APC =y

Garment system: ATPIJ5 xxx cal/cm? / APC = z

The marking of a garment system shaflmention each item of the system, identified by a [clear
reference code and, if determined, _the obtained arc thermal protection, as well as th¢ arc
ratings and/or arc protection class*ef’the whole garment system.

NOTE|3 For the end user it may e helpful to have the pictograms also on the outside.

A.2 | Instructions for use

Protgctive clothing.shall be supplied to the customer with information written at least ip the
officigl language(s) of the country of destination. All information shall be unambiguous. It|shall
inclugle at least the following:

— npme\and full address of the manufacturer and/or authorized representative;

—  produci-designation;
— number of this document (IEC 61482-2) with the year of publication (four digits);

— pictograms, information and explanation about the type of arc test (ATPV/Egso-0rbox-test
classification-or-beth arc rating or arc protection class);

— information on sizing;

— information to the user that
e the environmental conditions and the risks at the working site shall be regarded;
e deviations from the parameters in this document may result in more severe conditions;
e protective clothing shall be worn in the closed state;

e protective clothing according to this document is not intended to be used as electrical
insulating protective clothing and does not provide protection against electrical shock;
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e protective clothing that becomes contaminated with grease, oil, or flammable liquids or

combustible materials should not be used;

e protective clothing should be cleaned when necessary;

e protective clothing that is damaged to the extent that its protective qualities are

impaired (e.g. holes in the garment, not functioning closures) should not be used;

information to the user

e about the protective level of all garments and of—pretective—clothing the garment

system;

o if the garment is made of different materials (see—4-2 e.g. for the front and back), by

means of a drawing of the garment including dimensions and warning indication;

that for full body protection,—the—protective—clothing-shal-be-worn-in-the closed

and-other suitable additional protective equipment (helmet with protective-face sc
protective gloves and footwear (boots)) shall be used;

that other garments worn together with protective clothing and dirty pretective clg
can reduce the protection;

that damaged garments should be repaired or replaced. In thetevent of tearing,
damaged clothing should not be repaired; repairing is only. daléwed in accordance
the manufacturer’s instructions;

that no garments like shirts, undergarments or underwéar-should-be-used-which
under-arc-exposures; made of, for example, polyamide, polyester or acryl fibres

melt under arc exposures, should be used;
bre instructions in accordance with ISO 3758 and/or ISO 30023;

o

state
reen,

thing

such
with

Lmelt
vhich

—

r@pair only with identical material. agd by suitably qualified companies; do not rep
ypurself);
sforage instructions (e.g. store™# dry and dust-free conditions; no storage under inte

hht exposure).

Fal na_and o t1 (o O i N S o ot ha a I a3
C HRg—ahc— H—ASH HORS{Ee-g—WarhHhg: S—SHoH Rot—Be Fe y—dser—a
flemmable (not flamenroof)l thread or hegt-raaétivatable niece likelvtomelt would-belvery
Hpmadbte{hot+Hameproo)thfreac—-ofrReat-Feactvatabrepeceheytomet—-WothG—DDervVery
dbncorene ntho ot el snosnen de Hlee

gpair instructions (e.g. warnings: repairs shall not impair the performance of the clothing;

air it

hsive
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Annex B
(normative)

Type tests
A list of type tests with reference to corresponding subclauses is given in Table B.1.

Table B.1 — List of type tests

Subclauses

Typeoftest

Requirements Tests
Tests on materials
Heat resistance 4.3.1 5.3.1
Volume resistance 4.3.2 5.3.2
Limited flame spread-(classification-of 4.3.3 5.3.3
the materials) 4.2 5.274
Ageing-(of-the-garment)
Mechanical properties
Tear resistance 4.3.41 5.3.4.1
Tensile strength 4.3.4.2 5.3.4.2
Burst strength 4.3.4.3 5.3.4.3
Dimensional change 4.3. 5.3.
Arc thermal-resistanee protection 4.41 5.4.1
(ATPV test method A or Material box test) 444 .2
Arc rating (Procedure A) 44.3
Arc protection class (Material box test)
Tests on garments
Design 4.2

Garment construction and workmanship
Size designation and ergonomics
Threads;—aecesseries; and closures

o aoao
N NN
Twh s

Limited flame spread (verification of the 4.3.3.2 1

correct classification of the different 4.3.3.3

layers)

Arc thermal-resistancé protection 4.41 5.4.1
4.4.2

Arc rating (Procedurg B) 4.4.3

Arc protection Gfass (Garment box test)

Marking 4.5 5.5

General requirements of ISO 13688 5.5.1

Presence+-and correctness of the specified 5.5.1

marking

Durability of the marking 5.5.2

Instructions for use 4.6 5.6
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Annex C
(normative)

Classification of defects

Annex C was developed to-address classify the types of defect of protective clothing against
the thermal hazards of an electric arc having completed the production phase (critical, major
and minor) in a consistent manner (see IEC 61318). For each requirement identified in Table
C.1, both the type of defect and the associated tests are specified.

The manutacturer shall test the materials and garments for certification and at a frequenjcy to
asceftain the protective performance for critical defects (see 5.4.2).
Table C.1 — Classification of defects and associated requirements anditests
Requirements Type of defect Tes]

(the upit of production-is-a garment)
42 Design of garments

Garment construction—and workmanship X 521

S| . . ; X 504

Thread, findings, closures X 524

Ageing X 52%
44 Soethermalreciotanes X 54.%

ATPV test method B-or Garment box test
4.5 Marking

Generalrequirements of 1SO-13688 X 554
4.6 looraetione o ues X e

. . ~

LSy PR O : :
(the
4.3.14.4 | Classification X 5314
4342 | Singlelayermaterial X2 531
4343 | Multi-layermaterial X2 531
4.3.2.} | Tearresistance of woven outer material X s
4.3.2.% | Tensile strength of woven outer material X 5.3:212
434 Dimensional change of outer material X 534
4.4 Soerthermaleciotanes

(ATPV test method A or Material box test) X 542
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Requirement Type of defect Test
bcl
Critical ‘ Major | Minor subclauses
Requirements on materials
(the unit of production is the required amount of material)
4.3.1 Heat resistance X 5.3.1
4.3.2 Volume resistance X 5.3.2
4.3.3 Limited flame spread of material
4 3.3t Ctzssifitation = 57373
4.3.3.2 | Single-layer material Xa 5:
4.3.3.3 | Multi-layer material X2 05\3.3
4.3.4.1 | Tear resistance of outer material X xQ)§'3'4'1
4.3.4.2 | Tensile strength of outer material X (\Q>\ 5.3.4.9
4.3.4.3 | Burst strength of outer material X (T/V 5.3.4.3
4.3.9 Dimensional change d (1/X 5.3.5
N
4.4 Arc thermal protection r\\>‘
Arc rating (Procedure A) X @ 5.4.1
Arc protection class (Material box test) , C)
Reqgyirements on garments AN\
(the pnit of production is a garment) 6\

4.2 Design <(
Q'

Garment construction and workmanship < 5.2.2
Size designation and ergonomics \ S X 5.2.3
Ageing & X 5.2.4
Threads and closures n‘\ X 5.2.5
\

4.4 Arc thermal protection \"Q
Arc rating (Procedure B) X 5.4.1
Arc protection class (Garment box te@

- 3¢t

4.5 Marking
General requirements of 1ISO 1 8 X 5.5.1
Presence and correctness %T;{be specified marking X 5.5.1
Durability of the markin,q.'\ X 5.5.2

\J X 5.6

4.6 Instructions for use.
™\

s

N
As alminimum unit, a rollcﬁaterial should be considered.

imited flame spre(;i)shall be assessed and documented by the material manufacturer for the lot size| The
t size is, as a@n'rmum, the amount of material delivered to the garment manufacturer.

©
ol

&
@)
NS
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Annex D

(informative)

Rationale for the classification of defects

Annex D provides the rationale for the classification of defects specified in Annex C. For
brand new protective clothing, Table D.1 presents the justification for the type of defect
associated with a lack of compliance with each of the requirements included in the standard.

This analysis takes into consideration that the products are used by skilled persons and in

accofdance with sate methods of work.

N\
Table D.1 — Justification for the type of defect Q‘

)
o)

Requirement

Justification for the associa e\fect
specified in Anne‘x\

.

Matgrial

vV
SV

Critipal defects

D

Heat] resistance

Volufne resistance

Limifed flame spread of material
Arc thermal protection

These defects are the most @Brtant aspects of arc thermal
protection; they cannot tected by the worker; they need
to be assessed and d@ented by the material

manufacturer. g\

Major defects Q O

Tear|resistance

A
This defec e directly detected by the worker who wj
not use t\e rotective clothing.

Tendile strength

N\
This ’fé:t can be directly detected by the worker who wjl
not @e the protective clothing.
AL

Burs} strength

Y

Smt use the protective clothing.

-
?% defect can be directly detected by the worker who wjl

\"4
A\ Minor defects

Dimgnsional change

\U

)

D

It is not likely that a shrinkage will result in a failure of th
protective clothing.

Garments

.

CritiFaI defects \

QY

NS

Desibn of garments:

@ .
O

Ageipg

Garment construction @ workmanship

Wrong construction with insufficient material in the garmént
may be a hazard for the user.

Insufficient performance of the garment after a certain
number of care cycles may be a hazard for the user.

Arc theré/@rotecﬁon

AN

Wrong construction with insufficient material in the garmént
may be a hazard for the user.

Y
Major defects

Design of garments:
Thread and closures

With defective closures, the worker will not use the protective
clothing.

Marking:
Presence of marking

Durability of the marking

Without marking, the worker will not use the protective
clothing.

With illegible marking, the worker will not use the protective
clothing.

Instructions for use

Without instructions, the worker will not use the protective
clothing.
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Requirement

Justification for the associated defect
specified in Annex C

Minor defects

Design of garments:
Size designation and ergonomics

It is not likely that this will result in a failure of the protective
clothing.

Marking:
General requirements of ISO 13688

General marking requirements have a minor influence on the
arc thermal protection and are not likely to result in a failure.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIVE WORKING -
PROTECTIVE CLOTHING AGAINST
THE THERMAL HAZARDS OF AN ELECTRIC ARC -

2018

Part 2. Requirements

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
all] national electrotechnical committees (IEC National Committees). The object of \[EC is to pr]

end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
gopernmental organizations liaising with the IEC also participate in this pregaration. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intervational use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
mipinterpretation by any end user.

rising
pmote
fis. To
tions,

“IEC
rested

non-
losely
ed by

tional
bm all

tional
bf IEC
r any

In|order to promote international uniformity, IE€\National Committees undertake to apply IEC Publications

trgnsparently to the maximum extent possible\in their national and regional publications. Any diver
befween any IEC Publication and the correspending national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some.areds, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to 4EC: or its directors, employees, servants or agents including individual exper
megmbers of its technical.€¢ommittees and IEC National Committees for any personal injury, property dam
other damage of any.'nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atfentiofi is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafentrights. IEC shall not be held responsible for identifying any or all such patent rights.

gence
ted in

pbrmity

br any

s and
hge or
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r IEC

bns is

ect of

International Standard IEC 61482-2 has been prepared by IEC technical committee 78: Live
working.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

a) new definition for ELIM, ATPV and EBT as used in accordance with IEC 61482-1-1:—;

b) new requirements for the thermal stability of the intermediate layers;

c) additional material requirement for volume resistance;

d) new test procedure for the thermal resistance of sewing threads;
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e) new symbol for marking.

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

FDIS Report on voting
78/1205/FDIS 78/1228/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 @focument has been drafted in accordance with the ISO/TET Direclives, Part 2.
Terms defined in Clause 3 are given in italic print throughout this standard.

A list of all parts of the IEC 61482 series, published under the general title\Live working —
Protgctive clothing against the thermal hazards of an electric arc, can be'found on thg IEC
websgite.

The gommittee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC website under "http://fwebstore.iec.ch" in the [data
relate¢d to the specific publication. At this date, the publication/will be
e rg¢confirmed,

e withdrawn,

o re¢placed by a revised edition, or

e amended.
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INTRODUCTION
This document has been prepared in accordance with the requirements of IEC 61477.

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

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 I iUIIy'tCIIII dulatiun, dllul ULLul at tilC giUIUdi, linUlldi Ul iUbdi iCVUi.

This document does not include requirements and test provisions for the manufactdrers qf the
prodIct, or recommendations to the users of the product for environmental improvement.
Howegver, all parties intervening in its design, manufacture, packaging, distribution, [use,
maintenance, repair, reuse, recovery and disposal are invited to .take accourjt of
envirpnmental considerations.
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LIVE WORKING -
PROTECTIVE CLOTHING AGAINST
THE THERMAL HAZARDS OF AN ELECTRIC ARC -

Part 2: Requirements

1 Scope

This
of ex

This
for p

part of IEC 61482 is applicable to protective clothing used in work where there~js_the risk

posure to an electric arc hazard.

document specifies requirements and test methods applicable to materials’and garn
fotective clothing for electrical workers against the thermal hazards of an electric arc

Elecfric shock hazard is not covered by this document, which is applicable in combination

standg

Othe
rise,
influg

Protd
this ¢

NOTE

Protd
is no

ards covering such hazards.

 effects than the thermal effects of an electric arc like\noise, light emissions, pres
hot oil, electric shock, the consequences of physical and mental shock or
nces are not covered by this document.

ction of eyes, face, head, hands and feet against electric arc hazard is not covere
ocument.

Requirements and tests to cover electric arc hazards to these parts of the body are under developme

ctive clothing for work intentionallyZusing an electric arc, e.g. arc welding, plasma t
covered by this document.

2 Normative references

The
contg
cited
any g

IEC ¢
symb

following documentsiare referred to in the text in such a way that some or all of

applies. For undated references, the latest edition of the referenced document (incl
mendments).applies.

ols.info/equipment)

nt constitutes requirements of this document. For dated references, only the exition

nents

with

sure
toxic

d by

orch,

their

ding

0417,>Graphical symbols for use on equipment (available at: http://www.graphical-

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

IEC 61340-2-3:2016, Electrostatics — Part 2-3: Methods of test for determining the resistance
and resistivity of solid materials used to avoid electrostatic charge accumulation

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


https://iecnorm.com/api/?name=badebbd40deec0bca58c35bd66a246d2

-8- IEC 61482-2:2018 © IEC

2018

IEC 61482-1-1:-1, Live working — Protective clothing against the thermal hazards of an
electric arc — Part 1-1: Test methods — Method 1: Determination of the arc rating (ELIM, ATPV
and/or EBT) of clothing materials and of protective clothing using an open arc

IEC 61482-1-2, Live working —Protective clothing against the thermal hazards of an electric
arc — Part 1-2: Test methods — Method 2: Determination of arc protection class of material
and clothing by using a constrained and directed arc (box test)

ISO 3146, Plastics — Determination of melting behaviour (melting temperature or melting
range) of semi-crystalline polymers by capillary tube and polarizing-microscope methods

ISO

ISO 4

ISO

ISO
force

ISO
trous

ISO
detel

ISO
detel

ISO
sprea

ISO
conv

ISO

3 1

3.1

8758, Textiles — Care labelling code using symbols
b077, Textiles — Determination of dimensional change in washing and drying
3688:2013, Protective clothing — General requirements

3934-1, Textiles — Tensile properties of fabrics — Part 1: Determination of max
and elongation at maximum force using the strip method

3937-2, Textiles — Tear properties of fabrics — Part 27,Determination of tear for
er-shaped test specimens (Single tear method)

3938-1, Textiles — Bursting properties of fabries — Part 1: Hydraulic metho
mination of bursting strength and bursting distension

3938-2, Textiles — Bursting properties. of fabrics — Part 2: Pneumatic metho
mination of bursting strength and bursting-distension

d

7493:2016, Clothing and_equipment for protection against heat — Test metho
bctive heat resistance using a hot air circulating oven

0023, Textiles —Qualification symbols for labelling workwear to be industrially laung

'erms, definitions, symbols and units

Terms*and definitions

For the’purposes of this document, the terms and definitions given in IEC 61318 an

mum

ce of

y for

 for

5025, Protective clothing — Proteetion against flame — Method of test for limited flame

H for

ered

i 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

1 Under preparation. Stage at time of publication: IEC CDV 61482-1-1:2017.
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3.11

arc protection class

APC

<electric arc testing> category of arc thermal protection of a material and/or product tested in
accordance with the box test (APC 1 or APC 2)

Note 1 to entry: The arc protection class is characterized by the test energy level of arc exposure (arc energy and
incident energy).

Note 2 to entry: Tested material and/or products show arc thermal protection at minimum up to the class energy
level but, in general, the actual exposure energy limit up to which the material and/or product provide protection is
higher.

3.1.2LI
arc rapting

<elegtric arc testing> numerical value attributed to a product, that describes (ts ‘protdctive
perfgrmance when exposed to an electric arc

Note 1 to entry: The arc rating can be the arc thermal performance value (4TPV), the breakopen threshold ¢nergy
(EBT) por the incident energy limit (ELIM).

Note 4 to entry: The arc rating is expressed in kJ/m? (cal/cm?).

3.1.3
arc thermal protection
<elegtric arc testing> degree of thermal protection offered*against electric arc under spgcific
arc testing conditions indicated by either arc rating or arc protection class

Note 1 to entry: For materials, the arc thermal protection is ‘ebtained from the measurement of the transmitted
energy and by evaluation of other thermal parameters (burning\time, hole formation, melting).

Note 7 to entry: For garments, the arc thermal protectian,is obtained by evaluation of thermal parameters (blurning
time, pole formation, melting) of the material(s) from which the garment is made and of the functioning |of the
closurps and accessories.

3.1.4
arc thermal performance value
ATPY
<elegtric arc testing> numerical.value of incident energy attributed to a product that describes
its thermal properties of attenuating (reducing) a heat flux generated by an electric arc

Note 1 to entry: The ATP¥ Of a material or material assembly is calculated using logistic regression arjalysis
appliefd to the data points ebtained from testing a set of test specimens. It is the value of incident energy at|which
the heat transfer through.the test specimens is enough to reach the Stoll criteria with 50 % probability.

Note 3 to entry: {The"ATPV attributed to a garment or garment assembly is either equal to or lower than the| ATPV
of the|material or'material assembly of which it is made, depending on whether the tested specimen(s) fulfjl also
additignal visuwal.design and performance assessment criteria.

3.1.5
breakopen-threshold-energy
EBT

<electric arc testing> numerical value of incident energy attributed to a product that describes
its breakopen properties when exposed to heat flux generated by an electric arc

Note 1 to entry: The EBT of a material or material assembly is calculated using logistic regression analysis
applied to the data points obtained from testing a set of test specimens. It is the value of incident energy at which
breakopen occurs with 50 % probability.

Note 2 to entry: The EBT attributed to a garment or garment assembly is either equal to or lower than the EBT of
the material or material assembly of which it is made, depending on whether the tested specimen(s) fulfil also
additional visual design and performance assessment criteria.
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3.1.6

electric arc

self-maintained gas conduction for which most of the charge carriers are electrons supplied
by primary-electron emission

Note 1 to entry: During live working, the electric arc is generated by gas ionization arising from an unintentional
electrical conducting connection or breakdown between live parts or a live part and the earth path of an electrical
installation or an electrical device. During testing, the electric arc is initiated by the blowing of a fuse wire.

[SOURCE: IEC 60050-121:1998, 121-13-12, modified — Note 1 to entry has been added to
refer specifically to live working and arc testing.]

3.1.7
elecfric arc hazard
potential harm from an energy release from an electric arc usually caused by a short circlit or
equigment failure in electrotechnical work

Note 1 to entry: An electric arc hazard exists when live electrical conductors or parts are‘exposed and whep they
are inside an item of equipment, even when guarded or enclosed, if a worker is interacting’ with the equipmenpt in a
way which could cause an electric arc. Under normal operating conditions, enclosed énergized equipment thpt has
been properly designed, installed and maintained is not likely to pose an electric arc hazard.

Note 3 to entry: Documents such as NFPA 70E, IEEE 1584, ISSA Guide,,/and"DGUV-l 203-77 help to gssess
hazardls from the practical perspective.

Note 3 to entry: The hazards may include thermal effects, noise, pressure wave effects, ejected parts effects,
molten metal, optical and other effects. Different PPE (personal protective equipment) may be required to grotect
from different effects. It is important that the risk assessment considér all the potential effects.

3.1.8
garment
single item of clothing which can consist of single or multiple layers of material

3.1.9
garnmjent system
garment assembly for which a speeific arc rating or arc protection class is attributed |after
havirlg performed an arc test

3.1.10
hardware
non-flabric items forming-part of or optional extras in a garment

3.1.111

incident energy-limit
ELIL

<elegtric ;arc testing> numerical value of incident energy attributed to a product, below which
therd is’no data point with the amount of heat transmitted through the product reaching the
Stoll lcriteria or with the product exhibiting breakopen

Note 1 to entry: The ELIM of a material or material assembly is calculated from data points obtained from testing
a set of test specimens, which are also used for the determination of the ATPV and/or EBT.

Note 2 to entry: The ELIM attributed to a garment or garment assembly is either equal to or lower than the ELIM
of the material or material assembly of which it is made, depending on whether the tested specimen(s) fulfil also
additional visual design and performance assessment criteria.

3.1.12
material
substances, excluding hardware, of which an item of clothing is made

[SOURCE ISO 11612:2015, 3.13]
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3.1.13

open arc

<electric arc testing> electric arc between two vertically opposing electrodes intended to
provide an equal distribution of emitted energy around the centre line formed by the
electrodes and where the emitted energy is not directed by means of any physical constraints
(e.g. enclosure, wall)

3.1.14

protective clothing

clothing which covers or replaces personal clothing, and which is designed to provide
protection against one or more hazards

[SOURCE: ISO/TR 11610:2004, 3.178]

3.2 | Symbols and units

APC arc protection class 1or2

ATPH arc thermal performance value kJ/m2. 61 cal/cm?
EBT breakopen threshold energy kJ/m2<or cal/cm?
ELIM incident energy limit kJ/m2 or cal/cm?

NOTE| 1 kJ/m2=1kW-s/m?=0,1J/cm? = 0,023885 cal/cm?

1 callcm? = 41,840 kJ/m? = 41,840 kW-s/m?
4 Requirements

4.1 General

Gengral requirements for protective clothing against the thermal hazard of an electri¢ arc
whiclh are not specifically covered in this"document shall be in accordance with ISO 13688.

4.2 | Design requirements for.protective clothing

Garnjents protecting the upper part of the body shall have sleeves which extend to provide full
covefage to the wrists and-shall provide coverage up to the neck. Garments protecting the
lower part of the body,shall provide full coverage from the waist to the ankles.

Closulres of the garment shall be designed in a way that the opening function is still present
after|being exposed to an arc when tested according to 5.2.5.

Accepsornies (e.g. labels, badges, retro-reflective material) and closures used in ganment
consfryection shall not contribute to the severity of the injuries to the wearer in the event pf an

e/ect iccare and ralatad tharmal avnostrewhan tha claothina is tested accordinato-the aad ent
t—afe—aha+eratea+tHeHar6xposStHe-WHRe i tHe-crotHHRg1st8Steaaccoraih g—+to+tHe-gat

test in 5.4. Separation of the closure shall not occur.

Sewing thread utilized in the construction of garments shall be made of an inherently flame-
resistant fibre and shall not melt when tested according to 5.2.5. Threads in seams that have
no influence on protection, e.g. hems, pocket seams, need not be flame resistant.

No uncovered outside metal parts shall be permitted in the clothing. Hardware penetrating the
outer material of the garment shall not be exposed to the innermost surface of the garment.

All exposed parts of a garment shall be made of arc thermal protection materials. In case
different materials are used for the front and back of the garment, the exact information shall
be given in the instructions for use where the weakest area is located (e.g. by means of a
drawing of the garment including dimensions and warning indication).
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1 The user can carry out a hazard risk assessment to determine the level of protection needed. Docu

2018

ments

such as NFPA 70E, IEEE 1584, ISSA Guide, and DGUV-lI 203-77 help to assess hazards from the practical
perspective.

For garments covering torso and arms, the front side and the sleeves all around the arms and
over their complete length shall fulfil the same arc thermal protection.

For garments covering legs, the front over the complete length shall fulfil the same arc
thermal protection.

For coveralls, both requirements for garments covering torso and arms and garments covering

legs

shall be fulfilled

Whe
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4.3.1
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4.3.2
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IEC ¢

4.3.3

4.3.3(

All m
5.3.3

e protection is provided by an outer two-piece suit, it shall be determinedhat,
ctly sized for the wearer, an overlap between the jacket and trousers remains ‘wherj
ing wearer firstly fully extends both arms above the head and then bends“over unt
rtips touch the ground when tested according to 5.2.1.

nanufacturer makes claims for a garment system as arc thermal protective clothing,
arment system shall be tested and shall fulfil the requirements,of:this document.

2 If the user is wearing garments from different manufacturers as, arc) thermal protective clothing,
sible for assessing how the assembly fulfils the requirements of this d6cument.

General material requirements
Heat resistance

rials shall not ignite, melt or shrink by more.than 5 % when tested according to 5.3.1

Volume resistance

rials of the garment using electrically conductive fibres, except for garments me
0895, when tested according to 5.3.2, shall have a volume resistance of at least 109

Limited flame spread‘of material
1 Classification of limited flame spread

aterials shall achieve a specified limited flame spread index when tested accordi
and shall be, classified according to Tables 1 to 4.

when
one
| the

then

he is

eting

hg to

4.3.3.2 Single-layer material
If a singleslayer material is used in the garment, this material shall fulfil the requirements
giver] in{Fable 1.
Table 1 — Single-layer material
Property Requirement

Flame spread

either vertical edge.

No specimen shall permit any part of the lowest boundary of any flame to reach the upper or

Flaming debris | No specimen shall give flaming or molten debris.

Hole

formation | No specimen shall give hole formation of 5 mm or greater in any direction.

Afterglow Afterglow time shall be < 2 s.

A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion
for the purpose of 4.3.3.2, shall not be regarded as afterglow.

and,

Afterflame Afterflame time shall be < 2 s.
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4.3.3.

If the garment consists of multiple layers, all outer-layer and innermost-layer materials shall

3 Multi-layer material

fulfil the requirements given in Table 2.

Table 2 — Outer and innermost layer materials

Property

Requirement

Flame spread

No specimen shall permit any part of the lowest boundary of any flame to reach the upper or
either vertical edge.

Flaming debris

No specimen shall give flaming or molten debris.

Hole formation | No specimen shall give hole formation of 5 mm or greater in any direction.

Afterglow Afterglow time shall be < 2 s.
A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion|and,
for the purpose of 4.3.3.3, shall not be regarded as afterglow.

After{flame Afterflame time shall be < 2 s.

In adldition, if the garment consists of more than two layers; each intermediate |
depehding on the intention declared by the manufacturer to-contribute either to the
thermal protection or not, shall fulfil Table 4 or Table 3, respectively.

Table 3 - Intermediate layer material not intended’for arc thermal protection

operty

Redquirément

Flamg spread

No specimen shall permit any part of the Jowest boundary of any flame or hole to reach the|
upper or either vertical edge.

Flam|ng debris

No specimen shall give flaming or molten debris.

Afterglow

Afterglow time shall be < 2 s.

A glowing inside the charred\area is defined in ISO 15025 as afterglow without combustion|and,

for the purpose of 4.3.3.3;shall not be regarded as afterglow.

NOTE

Such intermediate layers are-‘only used for specific protection other than arc thermal protectio
example protection against liquid penetration and/or wind.

Table 4 — Intermediate layer material intended for arc thermal protection

P

operty

Requirement

Flamg spread

=

No specimen shall permit any part of the lowest boundary of any flame to reach the upper
either vertical edge.

Flam|ng.debris | No specimen shall give flaming or molten debris.

Hole farmation No specimen shall give hole formation of 5 mm or greater in any direction

Afterglow Afterglow time shall be < 2 s.
A glowing inside the charred area is defined in ISO 15025 as afterglow without combustion and,
for the purpose of 4.3.3.3, shall not be regarded as afterglow.

Afterflame Afterflame time shall be < 2 s.

NOTE Such intermediate layers are designated to increase the arc thermal protection.

pyer,

h, for
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4.3.4 Mechanical properties of outer material
4.3.4.1 Tear resistance

Woven and laminated outer material shall have a tear resistance of at least 15 N for weight
higher than 220 g/m?2 or at least 10 N for weight of 220 g/m2 or below in the machine and the
cross directions when tested according to 5.3.4.1.

4.3.4.2 Tensile strength

Woven and laminated outer material shall have a tensile strength of at least 400 N for weight
h|gh rthan 220 g/mz oratleast 250 N for \Alnighf of 220 g’ImZ or-below-inthe-machine—and the

crosg directions when tested according to 5.3.4.2.

4.3.43 Burst strength

The knitted outer material shall have a burst strength of at least 100 kPa while-dsing a 50 cm?
test frea, or of at least 200 kPa while using a 7,3 cm? test area when (ested accordipg to
5.3.43.

4.3.5 Dimensional change of material due to cleaning

The ywoven and laminated outermost and innermost material shall have a dimensional change
not exceeding £ 3 % in either length or width direction when.tested according to 5.3.5.

The knitted outermost and innermost material shall havera dimensional change not exceg¢ding
+ 5 % when tested according to 5.3.5.

NOTE| To verify the shrinkage of each single layer in a multi-layer assembly, it can be helpful to test the asgembly
closed by sewing around the edges.

4.4 | Arc thermal protection requirements
4.41 General

The |protective clothing shall have protection properties against the thermal effects ¢f an
electfic arc.

Two test methods have:been developed to provide information on the protection of clothing
from |the thermal effects’ of electric arcs. Each method gives different information.

The {est shall be\performed on the material and the finished garment by using test mellhods
IEC $1482-1¢Tyor/and IEC 61482-1-2 and both the material and garment shall fulfi] the
requirements. Depending on the needs, either or both standards can be specified.

NOTE| Bepending of the characteristics of the power system and equipment (e.g. medium voltage or low vqgltage,
available short-circuit current, protection characteristics) and the location in the system where the live working is
performed (e.g. close to the substation or not), the possible energy in the arc is different. These elements influence
the needs in terms of the required thermal resistance to electric arc.

If other material(s) are used for the back (rear or dorsum), they shall fulfil at least a minimum
arc rating according to IEC 61482-1-1 or the minimum requirements of Class 1 according to
IEC 61482-1-2. The label of the garment shall reflect the lowest of these ratings.

4.4.2 Arc rating

When tested according to IEC 61482-1-1, the protective clothing made of the tested material
shall have an arc rating. A manufacturer may assign a lower arc rating value to a material or
protective clothing than the value resulting from testing.
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Protective clothing shall have a minimum arc thermal protection, where the ELIM is at

least

130 kJ/m2 (3,2 cal/cm?) and where the lower value of ATPV and EBT is at least 167 kJ/m?2

(4 cal/lcm?). In case only either ATPV or EBT can be determined, this value shall be at
167 kJ/m2 (4 cal/cm?2).

Due to the limitations of test apparatus at very high energy arcs, no arc rating a
4186 kJ/mZ2 (100 cal/cm?2) shall be assigned to garments.

least

bove

NOTE 1 The higher the arc rating, the better the arc thermal protection under higher incident arc energy (higher

current value, longer exposure time).

N O T Er—Accordira-to-safety—+oagutat RS- the-Recessar—are—ratina—s—determired-by—risk-anatysie—GHtHdane

= Hg-S-aeteHHRea—R Y HEK—aRarySt—ottaah

appropriate select|on of an arc rating is prowded in other separate standards, e.g. in IEEE 1584 and NFPA 70

4.4.3 Arc protection classes

or the
E.

When tested according to IEC 61482-1-2, the protective clothing made of the~{ested maferial

shalllbe assigned an APC 1 or an APC 2 depending on the test conditions'and the res
arc fhermal protection. Protective clothing shall demonstrate a minimum arc thd
protdction of APC 1. An APC 2 indicates a higher arc thermal protection.

NOTE| The necessary arc protection class is determined by risk analysis. Guidance for the appropriate sel
of thelarc protection class is provided in other separate guidelines, e.g. in ISSA Guide and DGUV-| 203-077.

4.5 | Marking

Protgctive clothing shall at least be marked with information as outlined in Clause A.1
markjng shall meet the general requirements of marking'in ISO 13688.

If a garment is made of different materials or different numbers of layers (e.g. only the

part pf the garment consists of multiple layets), the label of the garment shall indicatg

lowest of the arc ratings and/or arc protection class.

If a garment manufacturer claims protection by a garment system (e.g. jacket with a
removable lining of a jacket), the marking shall make the correct use clear for the end
The arking of a garment system shall mention each item of the system, identified by a
reference code, and, if determined, the obtained arc thermal protection, as well as th
ratings and/or arc protection class of the whole garment system.

NOTE| In a garment system it may be possible to write "not determined" for arc thermal protection in the m
of the|single item.

4.6 Instructions.-for use

Protgctive clothing shall be supplied with the manufacturer’s written instructions for usq
care.

ilting
brmal

lection

The

front
the

shirt,
user.
clear
B arc

arking

and

These—instructions P
provisions given in IEC 61477 and

T

Additional information for use and maintenance are given in Clause A.2.

5 Tests

5.1 General

51.1 Overview

eral

This document provides testing provisions to demonstrate compliance of the product with the

requirements of Clause 4. These testing provisions are primarily intended to be used as

type

tests for validation of the design input. Where relevant, alternative means (calculation,
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examination, tests, etc.), are specified within the test subclauses mentioned in Table B.1 for
the purpose of protective clothing having completed the production phase.

Tests of requirements which are not specifically covered in this document shall be in
accordance with ISO 13688.

A list of type tests with reference to corresponding subclauses is given in Table B.1.

5.1.2 Test conditions

The conditioning atmosphere for the ftests according to 53 shall he the temperature

20 °¢ + 2 °C and relative humidity 65 % £+ 5 % for 24 h.

5.1.3 Pre-treatment by cleaning

For testing heat resistance (5.3.1), volume resistance (5.3.2), flame testing(5-3.3), testihg of
mechanical properties (5.3.4) and arc testing of material and garments .(5.4.1), the| test
spec|mens shall be pre-treated by cleaning.

The ¢leaning shall be in line with the manufacturer's instructions gn the basis of standardized
procgsses. The tests shall be carried out after five cleaning cycles (a cleaning cycle id one
wash and one dry cycle).

If wgshing is permitted as well as dry cleaning, then/the” specimen shall only be washed.
Prodlicts which are labelled as dry cleaning only shalkbe'dry cleaned only.

NOTE| Manufacturer's instructions typically indicate one .or\several of the various methods and proces$es of
ISO 6830, ISO 15797, ISO 3175-2 or equivalent standardized processes for washing.

5.2 | Tests of design requirements for protective clothing
5.21 General

The pompliance with the requirenients of 4.2 shall be verified by visual inspection or pther
appropriate means for validation.

For jinterfaces/overlap, .conformity shall be checked by visual inspection including an
assepsment of fit and physical measuring when the appropriate size of clothing is donned| by a
weargr.

5.2.2 Garment construction and workmanship

If applicableyxthe garment or garment system construction shall be inspected visually far the
following'\désign properties:

Ny steeves whithrextendto provide fulttoverage to the wrists;

— full coverage from the waist to the ankles;

— coverage up to the neck;

— no uncovered outside metal parts;

— no hardware parts that penetrate from the outside to the innermost surface;
— identical arc thermal protection of front side and complete sleeves.

If the garment or garment system is made of different materials, it shall be checked by

inspection whether the instructions for use clearly indicate the weakest area (drawing,
warning indication).
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5.2.3 Size designation and ergonomics

The conformity to size designation shall be checked by measurement. The conformity to
ergonomics (design appropriate to not hinder the wearer performing work) shall be checked
by inspection when the appropriate size of clothing is put on by a wearer (human test person).

NOTE Procedures for checking of ergonomic features of protective clothing are described in Annex C of
ISO 13688:2013.

5.2.4 Ageing

When the manufacturer’s instructions for use give a maximum number of cleaning cycles, the
requ’iLements for limited flame spread (4.3.3) shall be met after the maximum numbEr of

cleaning cycles indicated by the manufacturer. If the maximum number of cleaning.cycles is
not specified, the test (5.3.3) shall be carried out after five cleaning cycles. Numbeér-of clcles
used|shall be reflected in the manufacturer’s instructions for use (Clause A.2), “The cleaning
procgss shall be in line with the manufacturer’s instructions, on the basis (of ‘standargized
procgsses.

5.2.5 Threads and closures

Sewihg thread utilized in the construction of garments shall be tésted according to ISO [3146
Methpd B at a temperature of 260 °C + 5 °C.

The function of the closures shall be tested by practical performance test after completipn of
the drc thermal test in 5.4. A garment shall be considéred as fulfilling the requirement |f the
openjng of the closure by a person does not last more‘than 30 s.

5.3 | Tests of general material requirements
5.3.1 Heat resistance

The {est shall be carried out according4o ISO 17493:2016, 8.1 after pre-treatment according
to 5.1.3 at a temperature of 180 $~°C for an exposure time of 300 *1° s. Materials cgn be
eithef tested separately or as assembled in the garment.

NOTE| To verify the shrinkage of each single layer in a multi-layer assembly, it can be helpful to test the asgembly
closeq by sewing around the edges.

5.3.2 Volume resistance

The [test shall -be' carried out according to IEC 61340-2-3:2016, 8.2.3 after pre-treatment
accofding to 5+1.3.

NOTE| Test according to EN 1149-2 may show comparable results.

5.3.3— Ltimitedflamespreadof materiat

The test shall be carried out according to ISO 15025, Procedure A after pre-treatment
according to 5.1.3.

If the garment consists of a single layer, specimens shall be tested by applying the flame to
the outer surface of the material.

If the garment consists of multiple layers, specimens of the material assembly shall be tested
by applying the flame both to the surface of the outer material of the garment and to the
innermost surface of the garment.
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5.3.4 Mechanical properties of outer material
5.3.41 Tear resistance

For woven and laminated outer material, the test shall be carried out according to
ISO 13937-2. If the garment consists of several layers, only the outer material shall be tested.

5.3.4.2 Tensile strength

For woven and laminated outer material, the test shall be carried out according to
ISO 13934-1 (strip). If the garment consists of several layers, only the outer material shall be
testeg-

5.3.43 Burst strength

For knitted outer material, the test shall be carried out according to either 1SO"13938f1 or
ISO 13938-2. If the garment consists of several layers, only the outer material'shall be tested.

5.3.5 Dimensional change due to laundering and/or dry cleaning

The fest procedure shall be carried out in accordance with 1ISO 5077 after five cleaning cycles
(a clganing cycle is one wash and one dry cycle) according to manufacturer's instructions

NOTE| Manufacturer’s instructions typically indicate one or several of the various methods and processes of
ISO 6830, ISO 15797 or equivalent, as standardized processes for cleahing.

5.4 | Tests of arc thermal protection requirements
541 Type tests

At least one of the two possible standard testsaccording to 4.4 shall be performed.

EC 61482-1-1 (method 1, both procedure A and procedure B).
Testing according to IEC 61482-1-1:— provides the ELIM, ATPV or EBT.

— |IEC 61482-1-2 (method 2, .both material box test procedure and garment box| test
procedure).

Testing according to IEC-61482-1-2 makes it possible to decide whether the requirements
of Class 1 or Class 2'are fulfilled.

The arc exposure shall"be applied to the outer surface of the test specimens.

If thg garmentior'the garment system consists of layers intended for arc thermal protdction
(see[Tables\1,/2 and 4), the material test shall be done on test specimens consisting pf all
layerp.

If tht ydllllb'llt Ul tilc ydllllGllt bybtb'lll bUIIbibtb Uf Illuiﬁpic idyUlb dlld tiIUIU dl© ilItCIIII Iiate
layers not intended for arc thermal protection (see Table 3), the material test shall be done on
test specimens consisting of all layers which are on top of the outermost intermediate layer
that is not intended for arc thermal protection.

5.4.2 Alternative means to arc thermal protection test to fulfil conformity assessment
of protective clothing having completed the production phase

There is no real alternative test to the arc thermal protection test (destructive test) after
completing the production phase for checking the conformity to the associated requirement.

Nevertheless the garment manufacturer shall prove that he has followed the same
documented assembly procedure with identical components (materials and accessories) as
per the type tested garment. The material manufacturer shall prove that he has followed the
same documented manufacturing process as per the type tested material.
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Marking

5.5.1 Visual inspection

It shall be checked by visual inspection whether the requirements of 4.5 are fulfilled.

5.5.2 Durability of marking

The marking shall be rubbed for 15 s + 1 s with a water-soaked lint-free cloth and then be
rubbed for 15 s + 1 s with a lint-free cloth soaked with isopropanol (CH;-CH(OH)-CHs).

NOTE|
for thg

The

not curled or become detached.

5.6

It shall be checked by visual inspection whether the requirements of 4,6 are fulfilled.

6

For

Annex C provides the classification of defects ‘and identifies the associated tests appli
for fpllow-up of production of protective clothing intended to comply with this docur
A rat|onale for this classification is given in Ahnex D.

7

Any

of th¢ design, shall require thé type tests to be repeated, in whole or in part (if the degr
modification so justifies)s.and shall require a change in garment marking and instruction

use

use of this chemical are complied with in their entirety.

est shall be considered as passed if the marking is still easily legible and the.labe

Instructions for use

Conformity assessment of protective clothing having completed the
production phase

Modifications

modification of the materiaffrom which the garment is made, as well as any modific

if needed.

gonducting the conformity assessment during the-production phase, IEC 61318 shall be
used|in conjunction with this document.

cable
nent.

ation
be of
s for
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Annex A
(normative)

Marking and instructions for use

Marking

Each garment or garment system complying with this document shall have a marking label
which shall contain at least the following items of marking:

bme, trade mark or other means of identification of the manufacturer or of its autho
gpresentative;

designation of the product type, commercial name or code;
s|ze designation according to Clause 6 of ISO 13688:2013;
care labelling in accordance with ISO 3758 and/or ISO 30023;
S

t

= 3

mbol IEC 60417-6353:2016-02 — Protection against the thermal effect of the electri
and, adjacent to the symbol, the number of the relevant IEC standard (IEC 61482-2
He arc thermal protection in the form of arc rating (ELIM and{or the lower value of &
A[lPV or EBT) and/or arc protection class (APC 1 or APC 2).

NPTE 1 The exact ratio of the height of the figure to the base is 143:. For the purpose of convenienc|
rdtio can be between the values of 1,4:1 and 1,5:1.

NPTE 2 The text in the boxes below the symbol are examplés.

N N

IEC 61482-2
ELIM = yyy cal/cm?
ATPV = xxx cal/cm?

or

rized

C arc
and
ither

e, this

IEC 61482-2

APC = y
or

IEC 61482-2
ELIM = xxx cal/cm?
APC =z

or
IEC 61482-2

undershirt ref. AAA: not determined
jacket ref. BBB: ATPV = xxx cal/cm? / APC =y
parka ref. CCC: ELIM = xxx cal/cm? / APC =y

Garment system: ATPV = xxx cal/cm? | APC = z
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The marking of a garment system shall mention each item of the system, identified by a clear
reference code and, if determined, the obtained arc thermal protection, as well as the arc
ratings and/or arc protection class of the whole garment system.

NOTE 3 For the end user it may be helpful to have the pictograms also on the outside.

A.2

Instructions for use

Protective clothing shall be supplied to the customer with information written at least in the
official language(s) of the country of destination. All information shall be unambiguous. It shall

include_at_least the fnllnwing-

Aame and full address of the manufacturer and/or authorized representative;
roduct designation;
LUmber of this document (IEC 61482-2) with the year of publication (four digits);

ctograms, information and explanation about the type of arc test)(arc rating o

rotection class);

formation on sizing;
formation to the user that

formation to the user

the environmental conditions and the risks at the workifyg site shall be regarded;
deviations from the parameters in this document may result in more severe conditi
protective clothing shall be worn in the closed state;

protective clothing according to this document is not intended to be used as elec
insulating protective clothing and does not‘provide protection against electrical shq

protective clothing that becomes contaminated with grease, oil, or flammable liqui
combustible materials should not be*used;

protective clothing should be cleaned when necessary;

protective clothing that is damaged to the extent that its protective qualities
impaired (e.g. holes in the, garment, not functioning closures) should not be used;

about the protective level of all garments and of the garment system;

if the garment js;made of different materials (e.g. for the front and back), by mea
a drawing of the“garment including dimensions and warning indication;

that for _full>'body protection suitable additional protective equipment (helmet
protective-face screen, protective gloves and footwear (boots)) shall be used,;

thatsother garments worn together with protective clothing and dirty protective clo
can’reduce the protection;

[ arc

pns;

trical
ck;

ds or

are

ns of

with

thing

that damaaaed aarments shotld bhe renaired or renlaced—ln the avent of tearina
tHa—eahagea—ga-HeAts—shotHa—5obetepate oo epacea—Hh—+he v-e-r—o+—teaHhgs

such

damaged clothing should not be repaired; repairing is only allowed in accordance
the manufacturer’s instructions;

with

that no garments like shirts, undergarments or underwear made of, for example,
polyamide, polyester or acryl fibres which melt under arc exposures, should be used;

— care instructions in accordance with ISO 3758 and/or ISO 30023;

— repair instructions (e.g. warnings: repairs shall not impair the performance of the clothing;
repair only with identical material and by suitably qualified companies; do not repair it
yourself);

— storage instructions (e.g. store in dry and dust-free conditions; no storage under intensive
light exposure).
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Annex B
(normative)

Type tests
A list of type tests with reference to corresponding subclauses is given in Table B.1.

Table B.1 — List of type tests

Subclauses

Typeoftest

Requirements Tests
Tests on materials
Heat resistance 4.3.1 5.3.1
Volume resistance 4.3.2 5.3.2
Limited flame spread 4.3.3 5.3.3
Ageing 4.2 5.24
Mechanical properties
Tear resistance 4.3.4.1 5!3.4.1
Tensile strength 4.3.4.2 5.3.4.2
Burst strength 4.3.4.3 5.3.4.3
Dimensional change 4.3.5 5.3.
Arc thermal protection 4.41 5.4.1
Arc rating (Procedure A) 4.4.2
Arc protection class (Material box test) 4.4.3
Tests on garments
Design 4.2

Garment construction and workmanship
Size designation and ergonomics
Threads and closures

o aaaa
N MDD
owN s

Limited flame spread (verification of 4.3.3.2 1
the correct classification of the different 4.3.3.3

layers)

Arc thermal protection 4.41 5.4.1
Arc rating (Procedure B) 4.4.2

Arc protection class (Garment box test) 4.4.3

Marking 4.5 5.5
General requirements of ISO 13688 5.5.1
Presence andicorrectness of the 5.5.1
specified marking

Durability, of the marking 5.5.2

Instructions for use 4.6 5.6
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Annex C

(normative)

Classification of defects

Annex C was developed to classify the types of defect of profective clothing against the
thermal hazards of an electric arc having completed the production phase (critical, major and
minor) in a consistent manner (see IEC 61318). For each requirement identified in Table C.1,
both the type of defect and the associated tests are specified.

The manufacturer shall test the materials and garments for certification and at a frequen

cy to

asceftain the protective performance for critical defects (see 5.4.2).
Table C.1 — Classification of defects and associated requirements anditests
Requirement Type of defect Test
bclaus
Critical ‘ Major | Minor subclauges
Reqyirements on materials
(the pnit of production is the required amount of material)
4.3.1 Heat resistance 5.3.1
4.3.2 Volume resistance 5.3.2
4.3.3 Limited flame spread of material
4.3.3.1 | Classification X a 5.3.3
4.3.3.2 | Single-layer material Xa 5.3.3
4.3.3.3 | Multi-layer material X2 5.3.3
4.3.4.1 | Tear resistance of outer material 5.3.4.1
4.3.4.2 | Tensile strength of outer material 5.3.4.3
4.3.4.3 | Burst strength of outer material 5.3.4.3
4.3.5 Dimensional change 5.3.5
4.4 Arc thermal protection
Arc rating (Procedure A) X 5.4.1
Arc protection class (Maternial box test)
Requirements on garments
(the pnit of production is a garment)
4.2 Design
Garment construction and workmanship X 5.2.2
Size designation and ergonomics 5.2.3
Ageing X 5.2.4
Threads and closures X 5.2.5
4.4 Arc thermal protection
Arc rating (Procedure B) X 5.4.1
Arc protection class (Garment box test)
4.5 Marking
General requirements of ISO 13688 5.5.1
Presence and correctness of the specified marking X 5.5.1
Durability of the marking X 5.5.2
4.6 Instructions for use 5.6

As a minimum unit, a roll of material should be considered.

a8 Limited flame spread shall be assessed and documented by the material manufacturer for the lot size. The
lot size is, as a minimum, the amount of material delivered to the garment manufacturer.
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Annex D
(informative)

Rationale for the classification of defects

Annex D provides the rationale for the classification of defects specified in Annex C. For

brand new protective clothing, Table

D.1 presents the justification for the type of defect

associated with a lack of compliance with each of the requirements included in the standard.

This analysis takes into consideration

that the products are used by skilled persons and in

accofdance with safe methods of work.

Table D.1 — Justification for the type of defect

Requirement

Justification for the associated defect
specified in Annex C

Matgrial

Critical defects

Heat| resistance

Volufne resistance

Limifed flame spread of material
Arc thermal protection

These defects are the most important aspects of arc thermal
protection; they cannot bé detected by the worker; they rleed
to be assessed and dotumented by the material
manufacturer.

Major defects

Tear|resistance

This defect,ean/be directly detected by the worker who wijl
not use the ‘protective clothing.

Tendile strength

This defect can be directly detected by the worker who wjl
not use the protective clothing.

Burs} strength

This defect can be directly detected by the worker who wijl
not use the protective clothing.

Minor defects

Dimgnsional change

It is not likely that a shrinkage will result in a failure of th
protective clothing.

1

Garments

CritiFaI defects

Desibn of garments:
Garment construction and workmanship

Ageipg

Wrong construction with insufficient material in the garment
may be a hazard for the user.

Insufficient performance of the garment after a certain
number of care cycles may be a hazard for the user.

Arc thermal protection

Wrong construction with insufficient material in the garment
may be a hazard for the user.

Major defects

Design of garments:
Thread and closures

With defective closures, the worker will not use the protective
clothing.

Marking:
Presence of marking

Durability of the marking

Without marking, the worker will not use the protective
clothing.

With illegible marking, the worker will not use the protective
clothing.

Instructions for use

Without instructions, the worker will not use the protective
clothing.
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Requirement Justification for the associated defect
specified in Annex C

Minor defects

Design of garments:

Size designation and ergonomics It is not likely that this will result in a failure of the protective
clothing.

Marking:

General requirements of ISO 13688 General marking requirements have a minor influence on the

arc thermal protection and are not likely to result in a failure.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

_~ TRAVAUX SOUS TENSION -
VETEMENTS DE PROTECTION CONTRE
LES DANGERS THERMIQUES D'UN ARC ELECTRIQUE -

Partie 2: Exigences

AVANT-PROPOS

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale )dé_normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de ("'fEC). L'IEC & pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les donpaines
de| I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités(+ +publie des Nprmes
internationales, des Spécifications techniques, des Rapports techniques, des Spétifications accessibles au
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élab6ration est confiée|a des
comités d'études, aux travaux desquels tout Comité national intéressé par le,sujet traité peut participefr. Les
organisations internationales, gouvernementales et non gouvernementales,cen“iaison avec I'lEC, participent
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Ipternationale de Normalisation (ISO),
se|lon des conditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions.techniques représentent, dans la mesure
du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de,fecommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les{efforts raisonnables sont entrepris afin quq I'lEC
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui em est faite par un quelconque utilisateur final.

4) D4gns le but d'encourager I'uniformité internationaleydés Comités nationaux de I'lEC s'engagent, dans tdute la
mesure possible, a appliquer de fagon transparente‘les Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutés Publications de I'IEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
foyrnissent des services d'évaluationde conformité et, dans certains secteurs, accédent aux marques de
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|].

7) Aucune responsabilité neNdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliairgs ou
mandataires, y compris™\ses experts particuliers et les membres de ses comités d'études et des Comités
nafionaux de I'lEC, pour’tout préjudice causé en cas de dommages corporels et matériels, ou de tout| autre
dommage de quelqué-hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris lep frais
de| justice) et leS:dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC [ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'gttention‘est’attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) t faire

sldroits

de brevets et de ne pas avoir S|gnale Ieur eX|stence

La Norme internationale IEC 61482-2 a été établie par le comité d'études 78 de I'lEC:
Travaux sous tension.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2009. La présente
édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) nouvelle définition des valeurs d’'ELIM, d’ATPV et d'EBT, telles qu'utilisées conformément
allEC 61482-1-1:—;

b) nouvelles exigences relatives a la stabilité thermique des couches intermédiaires;
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c) exigence supplémentaire du matériau concernant la résistance électrique;

d) nouvelle procédure d’essai pour la résistance thermique des fils de couture;

e) nouveau symbole de marquage

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
78/1205/FDIS 78/1228/RVD

Ced
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INTRODUCTION

Le présent document a été rédigé en conformité avec les exigences de I'|EC 61477.

Les produits congus et fabriqués conformément au présent document contribuent a la sécurité
des utilisateurs, pourvu qu’ils soient utilisés par des personnes qualifiées, conformément a
des méthodes de travail slires et aux instructions d’emploi.

Le produit couvert par le présent document peut avoir un impact sur I’environnement pendant
certaines étapes de son cycle de vie ou tout au long de celui-ci. La gravité de ces impacts
peut rsté f 2 i & et se
prod

ire a un niveau local, régional ou global.

Le présent document ne contient pas d’exigences ni de dispositions d’essai s‘@adressapt au
fabri¢ant, ou de recommandations aux utilisateurs du produit ayant pourcbut d’amé|iorer
I’envfronnement. Cependant, toutes les parties qui interviennent dans _sa conception, sa
fabri¢ation, son emballage, sa distribution, son utilisation, son entretien, sa réparation, sa
réutiljsation, sa récupération et sa mise au rebut sont invitées a prendre en compte les
élémpents environnementaux.
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_~ TRAVAUX SOUS TENSION -
VETEMENTS DE PROTECTION CONTRE
LES DANGERS THERMIQUES D'UN ARC ELECTRIQUE -

Partie 2: Exigences

1 Domaine d'application

La présente partie de 'lEC 61482 est applicable aux vétements de protection utilisés

réalig

Le p
maté
trava

Les
appli

Le p
pas |
chau
toxiq

Le p
et de

NOTE
en co

Le p
trava
d'une

2 K

Les documents/suivants cités dans le texte constituent, pour tout ou partie de leur con

des
s’apq
s'apq

er des travaux lorsqu’il y a un risque d’exposition a un danger d’arc électrique:

résent document spécifie les exigences et les méthodes d’essaif)applicables
riaux et aux articles d’habillement utilisés pour les vétements (de protection
illeurs du domaine électrique contre les dangers thermiques d’un ar¢ électrique.

Hangers de chocs électriques ne sont pas couverts par le(présent document, qu
Cable en combinaison avec les normes couvrant ce type de dangers.

ésent document ne couvre que les effets thermiques:d'un arc électrique, et ne cq
bs effets comme le bruit, les émissions lumineuses I'augmentation de la pression, |

Lies lors d’un arc électrique.

ésent document ne couvre pas la protection des yeux, du visage, de la téte, des n
S pieds contre le danger d’arc électrique.,

rs d’élaboration.

résent document ne couvre-pas les vétements de protection portés pour réalisef
ux utilisant intentionnellement un arc électrique, par exemple le soudage a I'arc, I'u
torche a plasma.

Références normatives

exigences du présent document. Pour les références datées, seule [I'édition
lique.~\Pour les références non datées, la derniére édition du document de réfén
lique-(y compris les éventuels amendements).

pour

aux
des

i est

uvre
huile

He, le choc électrique, les conséquences d’'un.choc physique ou mental ou des gffets

hains

Les exigences et les essais applicables\aux dangers d’arc électrique concernant ces parties du corpp sont

des
sage

tenu,
citée
ence

IEC 60417, Symboles graphiques utilisables sur le matériel (disponible a I'adresse
http://www.graphical-symbols.info/equipment)

IEC 61318, Travaux sous tension — Evaluation de la conformité applicable a [l'outillage, au

maté

riel et aux dispositifs

IEC 61340-2-3:2016, Electrostatique — Partie 2-3: Méthodes d'essais pour la détermination de
la résistance et de la résistivité des matériaux solides destinés a éviter les charges
électrostatiques

IEC 61477, Travaux sous tension — Exigences minimales pour [utilisation des outils,
dispositifs et équipements
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IEC 61482-1-1:-1, Travaux sous tension — Vétements de protection contre les dangers
thermiques d'un arc électrique — Partie 1-1: Méthodes d'essai — Méthode 1: Détermination de
la valeur assignée d'arc (ELIM, ATPV et/ou EBT) des matériaux pour vétements et des
vétements de protection utilisant un arc ouvert

IEC 61482-1-2, Travaux sous tension — Vétements de protection contre les dangers
thermiques d'un arc électrique — Partie 1-2: Méthodes d'essai — Méthode 2: Détermination de
la classe de protection contre I'arc de matériaux et de vétements au moyen d'un arc dirigé et
contraint (enceinte d'essai)

ISO 3146, Plastiques — Détermination du comportement a la fusion (température de fusion ou
plage de températures de fusion) des polymeres semi-cristallins par méthodes du |tube
capillaire et du microscope polarisant

ISO 8758, Textiles — Code d'étiquetage d'entretien au moyen de symboles

ISO 077, Textiles — Détermination des variations dimensionnelles au lavage et au séchage
domaestiques

ISO 13688:2013, Vétements de protection — Exigences générales

ISO 13934-1, Textiles — Propriétés des étoffes en traction~=/Partie 1: Détermination ¢le la
forcel maximale et de I'allongement a la force maximale par-la méthode sur bande

ISO 13937-2, Textiles — Propriétés de déchirement des/étoffes — Partie 2: Détermination [de la
force| de déchirure des éprouvettes pantalons (Méthode de la déchirure unique)

ISO 13938-1, Textiles — Propriétés de résistance a I'éclatement des étoffes — Parfje 1:
Méthpde hydraulique pour la détermination de la résistance et de la déformatipn &
I'éclatement

ISO 13938-2, Textiles — Propriétés) de résistance a l'éclatement des étoffes — Partje 2:
Méthpde pneumatique pour lal.détermination de la résistance et de la déformatipn a
I'écldtement

ISO 15025, Vétements.de protection — Protection contre les flammes — Méthode pour la
propagation de flammelimitée

ISO 17493:20165xVétements et équipement de protection contre la chaleur — Méthode d'essai
de la|résistance.d la chaleur de convection au moyen d'un four a circulation d'air chaud

ISO 30023) Textiles — Symboles de qualification pour I'étiquetage des vétements de travail
destines-a étre lavés de maniere industrielle

3 Termes, définitions, symboles et unités

3.1 Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 61318
ainsi que les suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

1 En cours d'élaboration. Stade au moment de la publication: IEC CDV 61482-1-1:2017.
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o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1.1

classe de protection contre l'arc

APC

<essai d'arc électrique> catégorie de protection thermique contre I'arc d'un matériau et/ou
d'un produit soumis aux essais conformément a I'essai dans l'enceinte d'essai (APC 1 ou
APC 2)

Note 1 a l'article: La classe de protection contre I'arc est caractérisée par le niveau de I'énergie d'essai de
I'expogition a I'arc (énergie d'arc et énergie incidente).

Note 4 a l'article: Le matériau et/ou les produits soumis a I'essai présentent une protection thermique) cohtre I'arc
au mdins jusqu'au niveau d'énergie de la classe mais en régle générale, la limite d'énergie d'expgosition réglle de
protedtion offerte par le matériau et/ou le produit est plus élevée.

Note § a l'article: L’abréviation «<APC» est dérivée du terme anglais développé correspondant «arc profection
classy.

3.1.2
valelir assignée d’arc
<esspi d'arc électrique> valeur numérique attribuée a un produit, qui décrit sa performange de
protection a I’exposition a un arc électrique

Note 1 a l'article: La valeur assignée d’arc peut étre la valeur de performance thermique a I'arc (4TPV), la yaleur
d'énerngie de seuil a I'éventration (EBT) ou la limite d'énergie incidente (ELIM).

Note 4 a I'article: La valeur assignée d'arc est exprimée en kJfm? (cal/cm?).

3.1.3
protéction thermique contre I’arc
<esspi d'arc électrique> degré de protection thermique assuré contre les arcs électriques
dans|des conditions d'essai d'arc spécifiques indiquées soit par la valeur assignée d’ar¢ soit
par la classe de protection contre I'arc

Note 1 a l'article: Pour les matériaux; la protection thermique contre I'arc est obtenue a partir du mesurgge de
I’énergie transmise et par I'évaluation(d’autres parametres thermiques (temps de combustion, formation de|trous,
fusion).

Note 2 a l'article: Pour les afticles d’habillement, la protection thermique contre 'arc est obtenue par I'évaluation
des parametres thermiques-(temps de combustion, formation de trous, fusion) du (des) matériau(x) dont dst fait
I’article d’habillement et dufonctionnement des fermetures et des accessoires.

3.1.
valelir de perfoarmance thermique a I'arc
ATP
<esspi darc électrique> valeur numérique d’énergie incidente attribuée a un produit qui décrit
ses proprietés thermiques d’atténuation (réduction) d’un flux de chaleur généré par un arc
électkigue

Note 1 a l'article: L'ATPV d'un matériau ou d'un assemblage de matériaux est calculé en utilisant une analyse de
régression logistique appliquée aux points de données obtenus par les essais d'un ensemble d'éprouvettes d'essai.
L'ATPV est la valeur d’énergie incidente a laquelle le transfert de chaleur a travers I’éprouvette d’essai est suffisant
pour atteindre les critéres de Stoll avec une probabilité de 50 %.

Note 2 a l'article: L'ATPV attribuée a un article d’habillement ou a un assemblage d'articles d'habillement est soit
égale, soit inférieure a I'ATPV du matériau ou de l'assemblage de matériaux dont il est fait, selon que les
éprouvettes d'essai remplissent ou non aussi des critéres supplémentaires de conception visuels et d'évaluation
des performances.

Note 3 a l'article: L’abréviation «4TPV» est dérivée du terme anglais développé correspondant «arc thermal
performance value».
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3.1.5

énergie de seuil a I'éventration

EBT

<essai d'arc électrique> valeur numérique d’énergie incidente attribuée a un produit qui décrit
ses propriétés d'éventration lorsqu'il est exposé a un flux de chaleur généré par un arc
électrique

Note 1 a l'article: L'EBT d'un matériau ou d'un assemblage de matériaux est calculée en utilisant une analyse de
régression logistique appliquée aux points de données obtenus par les essais d'un ensemble d'éprouvettes d'essai.
L’EBT est la valeur d’énergie incidente a laquelle I’éventration se produit avec une probabilité de 50 %.

Note 2 a l'article: L'EBT attribuée a un article d'habillement ou a un assemblage d'articles d'habillement est soit
égale[soit_mferieure a TEBI du materiau ou de lassemblage de materiaux, dont 11_est fai, selon e les
éprouyettes d'essai remplissent ou non aussi des critéres supplémentaires de conception visuels et d'évaluation
des pgrformances.

Note § a l'article: L’abréviation «EBT» est dérivée du terme anglais développé correspondant «breakopen
threshold energy».

3.1.6
arc électrique
condluction gazeuse autonome dans laquelle la plupart des porteurs’ de charge sonf des
électfons produits par émission électronique primaire

Note 1 a l'article: Au cours des travaux sous tension, 'arc électrique est{generé par une ionisation gazeuge qui
résult¢ d’'une connexion électrique ou d’un claquage accidentel(le) entre“dés parties sous tension ou entje une
partie|sous tension et un circuit de terre d'une installation électrique~0u un dispositif électrique. Au coufs des
essaiq, 'arc électrique est initié par la fusion d’un fil fusible.

[SOURCE: IEC 60050-121:1998, 121-13-12, modifiée — La note 1 a l'article a été ajoutée|pour
faire [spécifiquement référence aux travaux sous tension et aux essais d’arc.]

3.1.7
dander d’arc électrique
dommage potentiel causé par I'évacuation de I'énergie d’'un arc électrique généralegment
provgqué par un court-circuit ou=iune défaillance de [I'équipement lors de trdvaux
électrotechniques

Note 1 a l'article: Un danger d’arc électrique existe lorsque des conducteurs ou des parties électriquey sous
tensiop sont exposé(e)s et qu’ils(elles) se trouvent a I'intérieur d’'un élément de I'équipement, méme si celuifci est
protégé ou sous enveloppe, si un travailleur interagit avec I'équipement d’'une fagon pouvant provoquer yin arc
électrique. Dans des condjtions normales de fonctionnement, un équipement sous tension sous enveloppe| qui a
été correctement congu, installé et entretenu n’est pas susceptible de présenter un danger d’arc électrique.

Note 24 a l'article: Les‘documents tels que la norme NFPA 70E, la norme IEEE 1584, le Guide ISSA, la publication
DGUWI 203-77 aident a évaluer les dangers d’un point de vue pratique.

Note 3 a I'article:” Les dangers peuvent comprendre les effets thermiques, le bruit, les effets d’onde de pression,
les effets des\parties projetées, le métal fondu, les effets optiques et autres. Différents EP| (équipements de
protegtionindividuelle) peuvent étre exigés pour assurer une protection contre les différents effets. Il est imgortant
que |'appréciation du risque prenne en compte tous les effets potentiels.

3.1.8

article d’habillement

chacun des éléments du vétement, pouvant se composer d’une seule ou de plusieurs couches
de matériau

3.1.9

systéme d’articles d’habillement

assemblage d’articles d’habillement auquel sont attribuées des valeurs assignées d’arc ou
une classe de protection contre I'arc spécifiques aprés un essai d’arc

3.1.10
autres matiéres
éléments autre que I'étoffe, pouvant faire partie d'un article d’habillement
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3.1.1

1

limite d’énergie incidente
ELIM

<<essai d'arc électrique>> valeur numérique d’énergie incidente attribuée a un produit, en
dessous de laquelle il n'existe pas de point de données pour lequel la quantité de chaleur
transmise a travers le produit atteint les critéres de Stoll ou le produit présente une
éventration

Note 1

a l'article: L'ELIM d'un matériau ou d'un assemblage de matériaux est calculée a partir des points de
données obtenus par les essais d'un ensemble d'éprouvettes d'essai, qui sont aussi utilisés pour la détermination
de I'ATPV et/lou de I'EBT.

Note 4 a l'article: L'ELIM attribuée a un article d'habillement ou a un assemblage d'articles d'habillement, e
égale,| soit inférieure a I'ELIM du matériau ou de l'assemblage de matériaux dont il est fait, selon~qg
éprouyettes d'essai remplissent ou non aussi des critéres supplémentaires de conception visuels et"d‘éval
des pgrformances.

Note 3 a I'article: L’abréviation «ELIM» est dérivée du terme anglais développé correspondant, «Incident g
limit».

3.1.1)2

matériau

substances excluant les autres matiéres dont est constitué un articlexd’habillement
[SOYRCE ISO 11612:2015, 3.13, modifié — Dans la définition, le terme "accessoires
remplacé par "autres matiéres".]

3.1.13

arc dlectrique a I’air libre
ni d’arc électrique> arc électrique entre<deux électrodes opposées verticalement

<ess
desti

form¢e par les électrodes, I'énergie émisexn’étant pas dirigée par une contrainte phy

(par

3.1.1

vétement de protection

véter

ou plusieurs dangers

nées a assurer une répartition uniforme _de T'énergie émise autour de la ligne cer

bxemple enveloppe, mur)

4

nent recouvrant ou remplagant le vétement personnel et congu pour protéger cont

5t soit
e les
uation

nergy

est

trale
sique

e un

[SOYRCE: ISO TR 11640:2004, 3.178]

3.2 | Symboles et unités

APC arc_protection class (classe de protection contre I'arc) 1ou?2

ATPY arc~thermal performance value (valeur de performance kJ/m2 ou cal/cm?
thermique a l'arc)

EBT breakopen threshold energy (énergie de seuil a I'éventration) kJ/m2 ou cal/ctn?

ELIM incident energy limit (limite d’énergie incidente) kJ/m2 ou cal/cm?

NOTE 1 kJ/m? =1 kWs/m? = 0,1 J/cm? = 0,023 885 cal/cm?

1 cal/cm? = 41,840 kJ/m? = 41,840 kW-s/m?
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4 Exigences

4.1 Généralités

Les exigences générales applicables aux vétements de protection contre les dangers
thermiques d'un arc électrique qui ne sont pas spécifiquement couverts par le présent
document doivent étre conformes a I'ISO 13688.

4.2 Exigences de conception des vétements de protection

Les articles d’habillement qui protégent le haut du corps doivent avoir des manches
suffijamment longues pour couvrir le bras jusqu'aux poignets et doivent couvrir le halit du
corpg jusqu’au cou. Les articles d’habillement qui protégent le bas du corps doivent.couyrir le
corpg de la taille aux chevilles.

Les flermetures de l'article d’habillement doivent étre congues de telle fagcon.que la fonction
d’ouverture soit toujours opérationnelle aprés exposition a un arc lorsqu’elles'sont soumiges a
I'essqi selon 5.2.5.

Les accessoires (par exemple les étiquettes, les badges, les matériaux rétro-réfléchisspants)
et leg fermetures utilisés dans la confection de I'article d’habillement ne doivent pas aggfaver
les blessures de la personne qui le porte en cas d’arc électrique et d’exposition thermique
assogiée lorsque le vétement est soumis a I'essai d’articlend’habillement décrit en 5.4. La
rupture de la fermeture ne doit pas se produire.

Le fil de couture utilisé dans la confection des articles d’habillement doit étre constityé de
fibreg résistant naturellement a la flamme et ne doit pas fondre lorsqu’il est soumis a I'essai
selor] 5.2.5. Il n’est pas nécessaire que les fils dans les coutures qui ne jouent pas de rbje de
protection, par exemple les ourlets, les coutures de poche, etc., soient résistants a la flanpme.

Aucune partie métallique extérieure non>couverte ne doit étre permise dans le vétement| Les
autrgs matiéres insérées dans le matériau extérieur de I'article d’habillement ne doiven} pas
étre ¢xposées a la surface la plus.interne de I'article d’habillement.

Toutgs les parties apparentesd'un article d’habillement doivent étre constituées de matériaux
assurant une protection thermique contre I'arc. Lorsque des matériaux différents sont utjlisés
pour[le devant et le dos de V'article d’habillement, I'information exacte sur la localisation de la
surfaice de moindre protection doit étre donnée dans les instructions d’emploi (par exemple au
moygn d’un dessin (de Tarticle d’habillement accompagné des dimensions et d’'une indication
de mjse en garde)\

NOTE|1 L'utilisateur peut réaliser une appréciation du risque afin de déterminer le niveau de protection
nécespaire,~L€s’ documents tels que la norme NFPA 70E, la norme IEEE 1584, le Guide ISSA, la publication
DGUWI ,203-77 aident a évaluer les dangers d’un point de vue pratique.

Pourtes articfes o trabfiferment couvrant te torse et 1es bras, te devant ainsique tes manches
complétes, tout autour des bras et sur leur longueur totale, doivent satisfaire a la méme
protection thermique contre I'arc.

Pour les articles d’habillement couvrant les jambes, le devant sur la longueur totale doit
satisfaire a la méme protection thermique contre I’arc.

Pour les combinaisons, les exigences relatives aux articles d’habillement couvrant le torse,
les bras et a ceux couvrant les jambes doivent étre satisfaites.

Lorsque la protection est assurée par un ensemble externe en deux piéces, il doit étre vérifié,
lorsque la taille est appropriée, que le chevauchement entre la veste et le pantalon est
toujours maintenu lorsque le porteur tend d’abord les bras au-dessus de la téte puis se
penche en avant jusqu’a toucher le sol du bout des doigts pendant les essais selon 5.2.1.
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Lorsqu’un fabricant revendique qu'un systeme d’articles d’habillement constitue un vétement
de protection thermique contre I'arc, ce systeme d’articles d’habillement doit étre soumis a
I’essai et doit satisfaire aux exigences du présent document.

NOTE 2 Lorsqu'un utilisateur porte comme vétement de protection thermique contre I'arc des articles
d’habillement provenant de différents fabricants, c’est a lui qu’incombe la responsabilité d’évaluer si 'assemblage
satisfait aux exigences du présent document.

4.3 Exigences générales du matériau

4.3.1 Résistance a la chaleur

Les materiaux ne doivent pas s enilammer, fondre ou retrecir de plus de 5 % lorsqu is| sont
sounjis a I’essai selon 5.3.1.

4.3.2 Résistance électrique

Les atériaux de l'article d’habillement utilisant des fibres conductrices, .a A’exception] des
articles d’habillement satisfaisant a I'|[EC 60895, doivent présenter une_résistance électrique
d’au mmoins 10° Q lorsqu’ils sont soumis a I’essai selon 5.3.2.

4.3.3 Propagation de flamme limitée du matériau
4.3.3(1 Classification de la propagation de flamme limitée
Tous| les matériaux doivent atteindre un indice de propagation de flamme limitée spé&cifié,

lorsqu’ils sont soumis a I'essai selon 5.3.3 et doiven{ etre classés selon les Tableaux 1 a 4
suivgnts.

4.3.3.2 Matériau monocouche

Lorsque l'article d’habillement est constitué d'un matériau monocouche, ce matériau doit
satisfaire aux exigences données dans e, Tableau 1.

Tableau 1 — Matériau monocouche

Propriété Exigence

Propagation de | Pour aucung éprouvette, le front inférieur de la flamme ne doit atteindre le bord supérieur ¢u le
la flapme bord verticalde I’éprouvette.

Débris Aucune éprouvette ne doit produire de débris enflammés ou fondus.

enflapmeés

Formption de Aucune éprouvette ne doit donner lieu a la formation de trous de 5 mm ou plus quelle que poit
trous la direction.

Incarldescence” | La durée d'incandescence résiduelle doit étre < 2 s.

résidpelle . ) s L P
Une incandescence persistant a l'intérieur de la zone carbonisée est définie dans I'ISO 15025
comme une incandescence résiduelle sans combustion et, pour les besoins de 4.3.3.2, ne Hoit
pas étre considérée comme une incandescence résiduelle.

Flamme La durée de la flamme résiduelle doit étre < 2 s.

résiduelle

4.3.3.3 Matériau multicouche

Lorsque l'article d’habillement est constitué de plusieurs couches, tous les matériaux de la
couche extérieure et de la couche la plus interne doivent satisfaire aux exigences données
dans le Tableau 2.
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