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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIVE WORKING -
INSULATING FOAM-FILLED TUBES AND SOLID RODS -

Part 1: Tubes and rods of a circular cross-section

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The object| of IEC \is to promote

international co-operation on all questions concerning standardization in the electfical and
this end and in addition to other activities, IEC publishes International Standard ]l e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a C ittee’interested
in the subject dealt with may participate in this preparatory work. i , tal and non-
governmental organizations liaising with the IEC also participate in thi . |E aborates closely
with the International Organization for Standardization (ISO) in accorda vi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt , possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€_shall pot be held responsible for identifying any or all such patent rights.

International Standard IEC 60855-1 has been prepared by technical committee 78: Live
working.

This first edition of IEC 60855-1 cancels and replaces the first edition of IEC 60855 published
in 1985, and constitutes a technical revision.

It includes the following significant technical changes from the previous IEC 60855:

— the clarification of the limitation of the standard to foam-filled tubes and solid rods of
circular cross section;

— the review of the maximum tolerances on the outer diameter;

— the addition of a requirement for the individual packaging of the product;

— the addition of a requirement for the marking of the outer diameter on the product;



60855-1 © |IEC:2009 -5-

— the review of the requirements and test provisions (except for some mechanical test
provisions) to permit any diameters of foam-filled tubes and solid rods:

e the table of electrical tests specifying the limit of current is replaced by a formula;

— the introduction of a subclause for the electrical requirements (4.2) and the clarification of
test results (temperature rise, 5.4.1 and 5.4.3.3);

— the dielectric test before exposure to humidity is replaced by a dielectric test under dry
condition with different test set-up and different sanction;

— the application of the dye penetration test to the insulating solid rods;

— the introduction of a test for the durability of marking;

— the implementation of the outputs of IEC 61318, focusing on the classification of defects
and practicability of test provisions.

Technical committee 78 is considering the preparation of IEC 608 hic ould cover
tubes and rods of cross-section other than circular.

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

FDIS Report-an veting™\
78/817/FDIS / 78;8;%8/@4{ >

Full information on the voting for the
voting indicated in the above table.

The committee @m
the maintenancere
the data related to th

* reconfirmed,
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INTRODUCTION

This International Standard is intended to define essential characteristics necessary for the
safe use of the tubes and rods, to determine appropriate requirements and to provide testing
provisions.

This standard has been prepared in accordance with the requirements of IEC 61477.

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

However all parties intervening in its design, manufacture, pac
maintenance, repair, reuse, recovery and disposal are i
environmental considerations.

»
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LIVE WORKING -
INSULATING FOAM-FILLED TUBES AND SOLID RODS -

Part 1: Tubes and rods of a circular cross-section

1 Scope

This part of IEC 60855 is applicable to insulating foam-filled tubes and solid rods, of a circular
cross-section, made of synthetic materials and intended to be used for anufacture and
construction of tools and equipment for carrying out live work on electyi ns operating
at voltages above 1 kV.

Tubes and rods of cross-section other than circular are not cove v this pa C 60855.

2 Normative references

IEC 60060-1, High-voltage
requirements™)

IEC 60212:1971, Standa
insulating materials

IEC 61318:2007®e
equipment

docdment, the terms and definitions given in IEC 61318 and the
following~ap

3.1
insulating tube
long-shaped hollow piece, normally of circular cross section, which is constructed or formed
from synthetic insulating and rigid material and is normally reinforced, the interior of which
can be foam-filled

[Definition 2.4.6 of IEC 60743]

1) A third edition of IEC 60060-1 is in preparation.
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3.2

insulating rod

long-shaped piece, normally of circular cross section, which is constructed or formed from
synthetic insulating and rigid material and which may be reinforced

[Definition 2.4.5 of IEC 60743]

NOTE To simplify this standard, the word “tube” will be used for the “insulating foam filled tube of a circular
cross-section” and the word “rod” for the “solid rod of a circular cross-section”.

3.3

foam

insulating material composed of closed cells, generally made of polyuretha used to prevent
the ingress and migration of moisture

[Definition 2.4.2 of IEC 60743, modified]

4 Requirements

4.1 Materials and design

Tubes and rods shall be made of synthetic materials| which may-havereinforcing.

4.2 Electrica@ui :
The material and tHe

4.4 Tolerance requirements on outer diameters

The maximum tolerances permitted on the declared outer diameter (d) of tubes and rods
covered by this standard, shall be as specified in Table 1.

Table 1 — Tolerances on outer diameter d

Outer

diameter d< 30 30<d<40 40<d< 50 50<d<60 60<d<70 70<d< 80 80<d
mm

T°":n’;“°e +0,5 +0,55 +0,6 +0,65 +0,7 +0,75 +0,8

For information and for reasons of compatibility with existing equipment, Table A.1 gives the
diameters commonly used for live working.
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4.5 Marking

Embossed marking is prohibited. The marking of each tube or rod shall include the following
information as a minimum:

— name or trademark of the manufacturer;

— outer diameter;

— date of manufacture (month and year) and identification number when available;

— number of the relevant IEC standard (IEC 60855-1).

Other characteristics or information not needed at the work location, like the year of

publication of the standard, shall be associated to the product item by other means, such as
coded information (bar codes, microchips, etc.), or shall be associated to jts packaging.

ision} without
efectrical

The marking shall be clearly legible to a person with normal or
additional magnification. The marking shall be durable and shal
performance of tubes or rods.

4.6 Packaging

Each tube and rod shall be delivered individually pacKed,

NOTE The packaging should reduce abrasive ot direct co
damage the polished surface.

5 Testing provisions

5.1 General

type testing for vat
examination, tes !
rods having compléte

5.2 Type test

in the test subclauses for the purpose of tubes and
(see Annex C).

5.2.1

To comp
Table B.1.

ard, the design of the product shall fulfil all the type tests listed in

The type tests shall be carried out following the order given in the Table B.1.
Each test shall be carried out on each separate test piece in the relevant group.

Any test piece failing to pass any one of the tests mentioned in Table B.1 shall result in the
design being rejected.

For all type tests, environmental conditions in the test room shall comply with the normal
atmospheric conditions provided in Table | of IEC 60212, at a temperature of between 15 °C
and 35 °C, with a relative humidity between 25 % and 75 % (taking into account Note 5 of
Table | of IEC 60212).

NOTE This standard covers tubes and rods for use at temperatures between —25 °C and +55 °C and at a relative
humidity between 20 % and 93 %. For tools intended to be used in unusual atmospheric conditions (higher or lower
temperatures, higher relative humidity), the tests should be more restricting and be carried out in appropriate
conditions.
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Unless otherwise specified, for all type tests, the tolerance on the dimensions shall be
+ 0,5 %.

When a visual check is specified, it shall be understood to be a visual check by a person with
normal or corrected vision without additional magnification.

5.2.2 Groups and test pieces

The manufacturer shall supply lengths of tubes and rods to provide the following groups of
test pieces.

Group 1: three test pieces of 0,3 m.

Group 2: three test pieces of 1,2 m, cut at least to 0,1 m from the end the initial length
of rod or tube provided by the manufacturer.

Group 3: three test pieces of 2,5 m in case of tube and 2 m in

Group 4: three test pieces of 1,2 m.

Group 5: (for tubes only): three test pieces of lengt the outer
diameter £ 5 %.

Group 6: three test pieces of 2,5 m.

Group 7: three test pieces of (100 = 5) mm, cut’at leas from the end of the
initial length of rod or tube provided bl thé

Group 8: one test piece of 2 m, keptas a s '

The equipment used to cut the test p g 2 trace of overheating on the
cross-section. The cut shall be clean, sho earing of the fibres.

5.3 Visual and dimensi
5.3.1 General

These checks shall be ¢ t e that the general requirements are fulfilled and
that the dimensi om

hatt-be checked visually to verify the elements of marking, the
ctional defects.

provided by the~manufacturer before the test pieces are cut from them. This is to detect
any surface defects such as obviously faulty bonding between the fibre and the resin, air
bubbles underneath the varnish, foreign bodies, protrusions, dirt, bumps or scratches. Any
defect shall result in rejection of the initial length.

b) A second visual check shall be carried out on each of the test pieces after they have been
cut. This is to detect any internal defects around the visible part of the cross-section, and
more particularly, any signs of detachment between the foam and the resin, and foam of
poor quality (voids, cracks). Any such defect shall result in rejection of the test piece.

5.3.3 Dimensional check

The purpose of the dimensional check is to verify that diameters comply with the marking, and
the tolerance requirements comply with 4.4.

The dimensional check shall be carried out on each of the initial lengths, before the test
pieces are cut from them, at both ends and in the middle.
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54 Electrical tests

5.4.1 Dielectric test under dry condition
An example of suitable test arrangement is given in Figure 1.

Dimensions in millimetres

A = 100kVv
e vy e
]
[ | g
4 PR | Koo R
300 |[| 300 _ </7 \}
/\ /\(> Q N ||.
v I|
B NN
N
D IEC 1860/09
Key
A Insulating table
B Tubeorrédtob
C Stranded wire elée ot less than 5 mm width

D Metallic support

Figure 1 — Dielectric test under dry condition — Typical test arrangement

The dielectric test shall be carried out in accordance with IEC 60060-1. The tubes and rods
shall be subjected to an alternating voltage of 100 kV r.m.s at power frequency applied
between electrodes 30 cm apart, for 1 min.

The test shall be considered as passed if the tubes and rods fulfil the following:

— no flashover, no sparkover or puncture;
— no visual sign of tracking or erosion on the surface;
— no temperature rise greater than 2 °C.

The temperature measurement shall take place no more than 2 min after completion of the
test.

NOTE An infrared camera can be used to measure the temperature of the surface. The camera should be
calibrated for the test object prior to use.
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5.4.2 Dielectric test after exposure to water
5.4.2.1 Test conditioning
54211 Conditioning by humidity

Before the test, each test piece of 0,3 m length shall be prepared by cleaning with isopropanol
(CH3-CH(OH)-CH3) and then dried in air at room temperature for a period of not less than
15 min.

NOTE It is the employer's duty to ensure that any relevant legislation and any specific safety instructions
regarding the use of isopropanol are fully observed.

The test pieces shall be placed in a chamber and subjected to the fo
168 h/23C/93 % according to Table | of IEC 60212.

At the end of this conditioning period, the test pieces shall b
conditions of the test area. They shall be lightly wiped with a clea

immediately.

5.4.2.1.2 Conditioning by immersion

Before the test, each test piece of 0,3 m length sha
(CH3-CH(OH)-CH3) and then dried in air at roq
15 min.

At the end of this“sonditi 5t pieces shall be lightly wiped with a clean dry
lint-free cloth, an c es covered with conducting adhesive tape. The

test pieces shall be . eturn.tofoom temperature in the test area.

ith Figures 2, 3, 4 and 5. The measuring apparatus shall not
igh voltage source. All measuring leads, the shunt and the optional
shielded and earthed. The test piece shall be mounted at an

9 of 1 m from the ground on an insulating support. A voltage of
100 kV r.m.s. at ‘power frequency shall be applied between the electrodes for 1 min, in
accordance with IEC 60060-1.

The test assembly
be less than2 m fko
protective™~gap ™

The current passing through the test piece shall be measured (the guard electrode on the
earth side is directly connected to earth). The maximum current recorded during the test is
called 1.

The phase difference between current and voltage shall be measured as follows:

— current (earth end), by passing it through a known impedance;
— voltage (line end), by means of an appropriate divider.

The minimum phase angle recorded during the test is called ¢.

NOTE Before installing the test piece in the test set-up, reference measurements with no test piece present
should be taken and the current and phase angle values recorded. This blank test will help verify the quality of the
test set-up.
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100 kV (5 kV/s)

N\

IEC 1861/09

Key
1 Continuous welded tube 4  Screened |lead
2 Guard electrodes
3 Test piece

R The resistance betwee

The measurement zone is
Figure 2 @



