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tional electrotechnical committees (IEC National Committees). The object of IEC is(/to
htional co-operation on all questions concerning standardization in the electrical and electronic
hd and in addition to other activities, IEC publishes International Standards, Technicah.Sped
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
ation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee

subject dealt with may participate in this preparatory work. International,,governmental
hmental organizations liaising with the IEC also participate in this preparation. [EC collaborat

ment between the two organizations.

rmal decisions or agreements of IEC on technical matters express, as’nearly as possible, an int
hsus of opinion on the relevant subjects since each technical comimittee has representatiof
ted IEC National Committees.

ublications have the form of recommendations for internatiofial use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are madé to*ensure that the technical contq
ations is accurate, I[EC cannot be held responsible fot/the way in which they are used g
erpretation by any end user.

er to promote international uniformity, IEC National*Committees undertake to apply IEC Pu
arently to the maximum extent possible in theif’;national and regional publications. Any d
en any IEC Publication and the corresponding national or regional publication shall be clearly in
ter.

self does not provide any attestation of:canformity. Independent certification bodies provide {
Ement services and, in some areas, acecess to IEC marks of conformity. IEC is not responsib
s carried out by independent certification bodies.

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

bility shall attach to IEC or jts directors, employees, servants or agents including individual ex
ers of its technical committees’and IEC National Committees for any personal injury, property d
damage of any nature twhatsoever, whether direct or indirect, or for costs (including legal
ses arising out of thevpublication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn tothe“Normative references cited in this publication. Use of the referenced publi
Ensable for theteorrect application of this publication.

on is drawn to the possibility that some of the elements of this IEC Publication may be the
rights. IEC”shall not be held responsible for identifying any or all such patent rights.
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18: Live

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:

reintroduction of specific diameters of foam-filled tubes and solid rods of circular cross-
section with its tolerances;

reintroduction of the dielectric tests before and after exposure to humidity, as included in

IEC

60855-1:2009;

specification of an alternative test (after exposure to immersion) in case of foam-filled

tube

s and solid rods having completed the production phase;

review of phase angle maximum specified values;
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e review of the wet test procedure and the improvement of the associated test arrangement.

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

FDIS Report on voting
78/1147/FDIS 78/1156/RVD

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

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

A list of
Insulatir

Terms @

The cor
the stal
related
e reco

e with

all parts in the IEC 60855 series, published under the general title Live.w
g foam-filled tubes and solid rods, can be found on the IEC website.

efined in Clause 3 are given in jtalic print throughout this standard.

hmittee has decided that the contents of this publication will-femain unchang
ility date indicated on the IEC website under "http://wébstore.iec.ch" in t
o the specific publication. At this date, the publication will’'be

nfirmed,

drawn,

o replaced by a revised edition, or

e ame

hded.

brking —

ed until
he data
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INTRODUCTION

This part of IEC 60855 has been prepared in accordance with the requirements of IEC 61477.

The product covered by this part of IEC 60855 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
short-term or long-term, and occur at the global, regional or local level.

This part of IEC 60855 does not include requirements and test provisions for the
manufacturers of the product, or recommendations to the users of the product for
environmental improvement. However, all parties intervening in its design, manufacture,

packagi N distribution,—use —maintenance, rnpnir, reuse,recovery and dicpncnl are-invited to

take acg¢ount of environmental considerations.

Technicpl committee 78 is considering the preparation of IEC 60855-2, whichrwould cover
foam-filled tubes and solid rods of cross-section other than circular.
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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 with reinforced fibreglass and intended to be used in

the ma
working

Foam-fi
other th
IEC 608

2 Noi

The foll
are indi
undated

amendments) applies.

IEC 600

IEC 600

IEC 602
insulatin

IEC 613

3 Ten

For the
followin

uracture ahnd Constructon oOf 100Is, deviCces d4ana equipment 1or carrying
on electrical systems operating at voltages above 1 kV.

led tubes and solid rods of cross-section other than circular and/or made”with
an synthetic materials with reinforced fibreglass are not coveréd by this
55.

mative references

bwing documents, in whole or in part, are normatively(referenced in this docum
spensable for its application. For dated referencesy{only the edition cited app
references, the latest edition of the referenced document (includi

60-1, High-voltage test techniques — Part{l: General definitions and test requir
60-2, High-voltage test techniqueszPart 2: Measuring systems

12:2010, Standard conditions\fer use prior to and during the testing of solid ¢
g materials

18, Live working — Conformity assessment applicable to tools, devices and eqt

ms and definitions

purposes,‘of this document, the terms and definitions given in IEC 61318
) apply-

out live

material
part of

ent and
ies. For

ng any

ements

lectrical

lipment

and the

3.1

foam

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

Note 1 to

entry: Foam is the inner support to manufacture the foam-filled tubes covered by this part of IEC 60855.

[SOURCE: IEC 60050-651:2014, 651-22-03, modified — The note has been changed to refer
specifically to the foam filled tubes covered by this part of IEC 60855.]

3.2
insulati

ng foam-filled tube

foam-filled tube
tube of uniform circular cross-section supplied in straight lengths, manufactured on a foam
and constructed or formed of synthetic insulating rigid material with reinforced fibreglass
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insulating solid rod

solid ro

d

solid product of uniform circular cross-section supplied in straight lengths, constructed or
formed of synthetic insulating rigid reinforced material

[SOURCE: IEC 60050-651:2014, 651-22-04, modified — The term and its definition have been
changed to refer specifically to insulating solid rods covered by this part of IEC 60855.]

4 Requirements

4.1 Matertatsanddesign
Foam-filled tubes and solid rods shall be made of synthetic insulating material with rejnforced
fibreglass.
NOTE YEllow, orange and red are the preferred colours to indicate that the material has insulating propejties.
If any coating is applied, it may be transparent or coloured.
The foapm filling shall be bonded to the wall of the insulating,tub€, and neither the fpam nor
the bond shall be deteriorated during the tests, other than those tests which [lead to
destruction of the parts. The foam filling shall be free of<«oids, separations, cracks pr other
defects.
4.2 Ellectrical requirements
The mgterial and the design of foam-filled:{tubes and solid rods shall have insulating
propertips.
The external surface of the foam-filled tubes and solid rods shall have hydrophobic prgperties.
4.3 Mechanical requirements
The mdterial and the designh. of foam-filled tubes and solid rods shall have mec¢hanical
resistanjce properties.
4.4 Diiameters of foam-filled tubes and solid rods
All measured diameters shall fall within the tolerance limits specified in Table 1.
Table 1 — Specified diameters
Item External nominal diameter Tolerance on external diameter
mm mm
10 +1
Solid rod
15 +1
32 +1
39 +1,1
Foam-filled tube 51 +1,2
64 +1,3
77 +1,5
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4.5 Marking

Embossed marking is prohibited.

The_ marking of each foam-filled tube and solid rod shall include the following information as a
minimum:

e name or trademark of the manufacturer;

e external nominal diameter;

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

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

Other gharacteristics or information not needed at the work location, like the)lyear of
publicatjon of the standard, shall be associated to the product item by other méans, |[such as
coded information (bar codes, microchips, etc.) on the product or on its packaging.

The marking shall be clearly legible to a person with normal or correCted vision,|without
additional magnification. The marking shall be durable and shall not-affect the ¢lectrical
performpance of foam-filled tubes and solid rods.

4.6 Plackaging
The mafrking of each pack shall include the following infopmation as a minimum:

e namg or trademark of the manufacturer;

o extefnal nominal diameter;

e datelof manufacture (month and year) and:identification number when available;
e numper of the relevant IEC standard (IEG-60855-1).

The pagkaging should reduce abrasiveyor direct contact with other foam-filled tubes |or solid
rods or gny surface that could damage-the polished surface.

5 Tests

5.1 General

This paft of IEC 60855 provides testing provisions to demonstrate that the foam-fillgd tubes
and solid rods comply with the requirements of Clause 4. These testing provisipns are
primarily intended to be used for type testing for validation of the design input| Where
relevani, alterpative means (calculation, examination, tests, etc.), are specified within|the test
subclauges_/for the purpose of foam-filled tubes and solid rods having complelted the
productiom ptase(see Anmex B):

5.2 Type test conditions
5.2.1 General

To comply with this part of IEC 60855, the design of the product shall fulfil all the type tests
listed in Table A.1.

The type tests shall be carried out following the order given in Table A.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 Annex A shall result in the
design being rejected.
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For all type tests, environmental conditions in the test room shall comply with the normal
atmospheric conditions provided in Table 2 of IEC 60212:2010, at a temperature of between
15 °C and 35 °C, with a relative humidity between 25 % and 75 % (taking into account Note 4
of Table 2 of IEC 60212:2010).

Nevertheless, for the electrical test the atmospheric conditions shall be at temperature
between 18 °C and 28 °C, with a relative humidity between 45 % and 75 %.

This part of IEC 60855 covers foam-filled tubes and solid rods for use at temperatures
between —25 °C and +55 °C and at a relative humidity between 20 % and 93 %. For foam-
filled tubes and solid rods intended to be used in unusual atmospheric conditions (higher or
lower temperatures, higher relative humidity), the tests should be more restricting and be
carried put in appropriate conditions.

Unless |otherwise specified, for all type tests, the tolerance on the dimensjons shall be
+0,5%

When afvisual 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 mgnufacturer shall supply lengths of foam-filled tubes and solid rods to proyide the
following groups of test pieces. For each test piece of every group the corresponding length
shall be| cut at least to 0,1 m from the end of the initiaklength of solid rod or foam-filled tube
provided by the manufacturer.

Group 1: three test pieces of 0,3 m.
Group 2: three test pieces of 1,2 m.
Group 3: three test pieces of 2,5 m in case of foam-filled tube and 2 m in case of solid rod.
Group 4: three test pieces of 1,2 mx

Group §: (for foam-filled tubes. Only): three test pieces of length equal to three tijnes the
external diameter #5,%.

Group §: three test pieces.of 2,5 m.

Group 7:  three test pieces of (100 + 5) mm.

One length of 2 m shall be kept as a reference specimen.

The eqliipmentitised to cut the test pieces shall not leave any trace of overheatind on the
cross-s¢ction. The cut shall be clean, showing no signs of tearing of the fibres and ghall be
made ptfrpendicular to the axis of the foam-filled tube and solid rod.

5.3 Visual and dimensional checks
5.3.1 General

These checks shall be carried out to ensure that the general requirements are fulfilled and
that the dimensions comply with the specifications.

5.3.2 Visual check

Initial lengths and test pieces shall be checked visually to verify the elements of marking, the
packaging and to detect constructional defects.

There are two levels of inspection to detect constructional defects:
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a) A first visual check shall be carried out on each of the initial lengths of foam-filled tube
and solid rod 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, voids underneath the varnish, foreign bodies, protrusions, dirt, bumps or
scratches and absence of marks. 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 purpese-efthe-dimensional-checkisto-verify-that-diameters-comphywith-the-markjng, and

J
the tolerances comply with the requirements of 4.4.

pieces are cut from them, at both ends and in the middle. The difference_between pny two

The dir%ensional check shall be carried out on each of the initial lengths, before the test
measur¢d diameters of a given length shall be less than 0,5 mm.

5.4 Electrical tests
5.4.1 General

Unless |otherwise stated, tests shall be carried out using an AC power source af power
frequenty in accordance with the requirements given<in IEC 60060-1. Measuring systems
shall comply with IEC 60060-2 unless otherwise specified.

5.4.2 Dielectric test before and after exposure to humidity
5.4.21 Type test
5.4.21.1 General test conditions

Before fthe test, each test piecesof 300 mm length shall be prepared by cleaning with
isopropanol (CH3-CH(OH)-CH,)-and then dried in air at room temperature for a period of not
less thap 15 min.

NOTE It|is not the purpose ofthis part of IEC 60855 to ensure that any relevant legislation and any spedific safety
instructions regarding the use of’'isopropanol are fully observed.

The tes} pieces shallhbe lightly wiped with a clean dry lint-free cloth and the ends of|the test
pieces ghall be eevered with conductive adhesive tape.

Conditigning.in a humid atmosphere is carried out in accordance with IEC 60212.

5.4.2.1.2 Measurements

The test assembly shall comply with Figures 1, 2, 3 and 4. The measuring apparatus shall not
be less than 2 m from the high voltage source. All measuring leads, the shunt and the optional
protective gap shall be shielded and earthed. The test piece shall be mounted at a minimum
height of 1 m from the ground on an insulating support. A voltage of 100 kV rms at power
frequency shall be applied between the electrodes for 1 min. The AC voltage shall be initially
applied at a low value and gradually increased at a constant rate-of-rise of approximately
5 kV/s until the test voltage level is reached. The test period shall be considered to start at
the instant the specified voltage is reached.

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

e current (earth end), by passing it through a known impedance;

e voltage (line end), by means of an appropriate divider.

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

Before installing the test piece in the test set-up, reference measurements with no test piece
present shall be taken and the current and phase angle values recorded. The phase angle
value shall be higher than 88°. This blank test will help verify the quality of the test set-up.
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Key
1 continuous welded tube 4 screened leads
2 guard electrodes 5 measuring equipment
3 test piece 6 capacitive (or resistive) divider
A and B See-Figure 2.
R fesistance between points A and P: R < 10 000 Q

The meagqurement zone is situated at least 2 m away from any high voltage source.

Figure 1 — Typical dielectric test arrangement
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A insulating material B brass

1 socket for & 4 mm banana plug 5 insulating support

2  guard electrode 6 .contact maintained by conductive adhesive tape

3 test piece of 300 mm length 7\~ socket for @ 4 mm banana plug soldered on guard electrod
4  Dbrasg electrode

Banana plugs may be replaced bytother suitable electrical connectors.

Figure 2 — Assembly set-up of the test piece to the guard electrodes
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Dimensions in millimetres

245 i

2500
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Key
1 coppler tube soldered onto brass plate
2 bras$ plate

Figure 3a — Constructional drawing for guard electrodes (two required)
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Dimensions in millimetres
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M8 x 10 brass screwsywith & 4 mm holes for foam-filled tubes

Eigure 3b — Constructional drawings for parts A and B

Figuré/3'— Constructional drawings for guard electrodes and parts
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Dimensions in millimetres
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Figure 4a — For 10 mm diameter solid rod
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Figure 4b — For 15 mm diameter solid fjod
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Figure 4c — For 32 mm diameter foam-filled tube
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Figure 4d — For 39 mm diameter foam-filled tube
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Figure 4g — For 77 mm diameter foam-filled tube
Key

1 brass electrode
2 & 4 mm hole for banana plug
3 insulating support

Figure 4 — Drawings for guard electrode parts
according to test piece diameters
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54.21.3 Tests before exposure to humidity

After at least 24 h in the ambient atmosphere of the test area, the current /, is measured at an
alternating voltage of 100 kV rms at power frequency applied between the electrodes for
1 min. The maximum current and the phase angle ¢, between current and voltage are
recorded.

54.21.4 Tests after exposure to humidity

The test pieces shall be placed for 168 h in a conditioning chamber and subjected to a
temperature of 23 °C and a relative humidity of 93 % according to Table 2 of IEC 60212:2010.

At the ¢ i [oop i 1w 6] relative
humidity and be tested upon return to the ambient temperature of the test area. Aftép|the test
pieces have been lightly wiped with a dry cloth, the current /, and phase-angle ¢, are
measured under the same conditions as 7, and ¢,

The tesf piece shall be located in the same position in relation to earth;)for both tgsts, the
age end shall remain the same.

5.4.21.p Test results
Before prosure to humidity:

e the

o the ¢urrent I, measured shall not exceed the values given in Table 2.

hase angle ¢, measured shall be higher than 80%

Table 2 — Maximum current I,/before exposure to humidity

Solid rod Foam-filled tube
10 15 32 39 51 64 77

Diameter (mm)

Maximum current 7, (nA rms) 10 10 10 12 15 20 25

The tes} shall be considered as passed if after exposure to humidity the current I, s lower
than 2 1},.

If I, is greater than 2/ but lower than 7, + 40 pA, the test shall also be considered as| passed
if the phase angle“between voltage and current is higher than 50° for foam-filled tupes and
40° for solid rods.

In no cgséshall I, be greater than 7, + 40 pA.

5.4.2.2 Alternative tests in case of foam-filled tubes and solid rods having completed
the production phase

54.2.21 Alternative dry test

An example of a suitable test arrangement is given in Figure 5.
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Figure 5 — Alternative dielectric test under dry condition —
Example of a typical test arrangement

be initi

m-filled tubés*and solid rods shall be subjected to an alternating voltage of 100

Illy applied at a low value and gradually increased at a constant rate-of

at powe£frequency applied between electrodes 300 mm apart, for 1 min. The AC volta

approxi

ately)*5 kV/s until the test voltage level is reached. The test period s

conside

kV rms
ge shall
-rise of
hall be

red(to start at the instant the specified voltage is reached.

The test shall be considered as passed if the foam-filled tubes and solid rods fulfil the
following:

e nofl

e NOV

ashover, no sparkover or puncture;

isual sign of tracking or erosion on the surface;

e no perceptible temperature rise of the foam-filled tube or solid rod estimated by bare hand.

54.2.2.2 Alternative test after exposure to immersion

At the production stage, it is not possible to perform the test of 5.4.2.1.4 which requires a long
duration conditioning not compatible with the production stage.

The manufacturer shall perform the test as follows:
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o the test set-up shall be the one of 5.4.2.1;
e the conditioning is carried out according to the following.

Before the test, each test piece of 300 mm 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.

The test pieces shall be conditioned by total immersion for 24 h in a tank of tap water with a
minimum conductivity of 500 uS/cm corresponding to a maximum resistivity of 20 Q-m, at
20 °C.

At the €
lint-free| cloth, and the ends of the test pieces covered with conducting adhesive(tape. The
test pie¢es shall be tested upon return to room temperature in the test area.

543 Wet test
54.31 Type test
5.4.3.1.1 General test conditions

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

The elegtrodes shall be made of an aluminium or copper Soft wire 3 mm to 4 mm in dlameter,
encircling the test piece with three or four turns, as shown in Figure 6a. The electrodes shall
be placgéd symmetrically on the test piece and spaced 1 m apart (see Figure 6b). The fixing
support|shall be placed at the lower part of the t&st piece. The high voltage electrode [shall be
placed at the upper end of the test piece.

The surface of the electrode should not-be oxidized, and if a treatment against oxidization is
applied,| it should not modify the charatteristics of the water streaming on the test piecg.

The test assembly shall comply-with Figure 6b. The test piece shall be inclined at an pngle of
45° from the vertical. A voltage~of 100 kV rms at power frequency shall be applied between
the elegtrodes for 1 h. The AC voltage shall be initially applied at a low value and gradually
increased at a constanf rate-of-rise of approximately 5 kV/s until the test voltage |level is
reached. The test period shall be considered to start at the instant the specified vqltage is

bcedure

e average precipitation rate in vertical and horizontal directions: 1,0 mm/min to 1,5 mm/min;
o resistivity of collected water corrected to 20 °C: 100 Q'm + 15 Q-m;

e precipitation shall commence immediately when the voltage is applied.

Precipitation shall be such that the water falling near the test piece shall be at a 90° angle to
the test piece, as shown in Figure 6b.

The temperature of the water shall be similar to the temperature of the test area.

As the ambient temperature can change faster than the temperature of the water, when the
temperature is measured a deviation of 3 °C is allowed.
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aluminium or copper soft tie wire; 3 to 4 turns, 3 mm to 4 mm.diameter

2 elegtrode fixed by adhesive tape
3 test| piece
4 earfhing brass braid; 10 mm? cross area
Figure 6a — Details of electrode arrangement
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1 high voltage electrode
2 electrode spacing, 1 m
3 rain direction
4 1 m minimum height fixing support

Figure 6b — Typical test arrangement

Figure 6 — Wet test
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5.4.3.1.3 Test results

The test

shall be considered as passed if the following conditions are met:

e no flashover during the test;

e no sparkover or puncture;

e no visual sign of tracking or erosion on the surface;

e no temperature rise greater than 7 °C, relative to the initial test piece temperature, on any
spot from 10 cm to the high voltage electrode to 10 cm from the earth electrode on the
surface of the test piece at the end of the test period. The temperature measurement shall

take

place no more than 2 min after completion of the test.

An infrg

should be calibrated for the test object prior to use.

5.4.3.2

There is
instancd
has follq
the type

55 W™
5.5.1
5.5.1.1

A foam-
consisti

e 0,50
e 1,50
e 2m

At the c
+2,5m

red camera can be used to measure the temperature of the surface. The

Alternative means for insulating foam-filled tubes and solid rods havin
completed the production phase

no alternative test for checking the conformity with the asSsociated requirem
, some tests could be destructive). Nevertheless, the mandfacturer shall provg
wed the same documented manufacturing procedure with’identical componen
-tested product.

echanical tests
Bending test
Type test

filled tube 2,50 m long or a solid rod™2 m long shall be placed between two s
g of pulleys (Figure 7) with the folowing distance d between the axes:
m for solid rods;

m for 32 mm diameter foam-filled tubes;

for 39 mm diameter foam-filled tubes or larger.

bentre of the span, a vertical force F shall be applied to a leather or fabric strap
m wide, which is-placed on the foam-filled tube or solid rod.

camera

g

ent (for
that he
s as for

upports

50 mm
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Figure 7a — Bending test assembly

Dimensions in millimetres

[
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Section ata
Key
1 foam-filled tube under test
2 pulley|
Figure 7b — Detail of supports

Figure 7 — Bending test
F4 is the force for which the elastic limit is not exceeded.

The applied force F shall be increased at a rate of (200 + 50) N/s and the deflection shall be

Fy 2F
measured for the IoadsTd, Td and Fg4, these having been maintained for 30 s.

_ _ Fy 2Fy 2Fy
The difference between the deflections measured for 3 and 3 and for 3 and Fy,

shall be less than the value of findicated in Table 3.
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This force shall then be removed progressively and, 1 min after the force has been removed,
the residual deflection shall be measured; this shall not exceed 6 % of the deflection
measured during application of the force Fy for foam-filled tubes, and 1 mm for solid rods.

The foam-filled tubes and solid rods shall then be rotated through 90°, 180° and 270°, and the
test repeated for each position. For the same load, the deflection f'shall not vary by more than
15 %.

The measured deflection produced by force Fy shall be compared with that for the previous
test. With the foam-filled tube and solid rod in the plane for which the total deflection was the
greatest, the force shall then be reapplied and progressively increased under the same
conditions as above, up to the value F,, which is then maintained for 30 s. There shall be no
sign of failure.

The tedt shall be continued until the test piece breaks and the actual bréaking|load is
recordefl for information.

Table 3 gives the values of Fy, f and F, for foam-filled tubes and.‘sofid rods of [specific
diameters.

Table 3 — Values of F, fand F, for bending test

Exterrjal diameter of Distance between Fy f F, Lenpth of
foam-filled tube or solid supports test|piece
rod d

mm m N mm N m

Solid rods 10 0,5 270 20 540 2

15 0,5 1.350 15 2700 2

Foam-f{lled tubes 32 1,5 1100 35 2150 25

39 2 1500 50 2 950 25

51 2 3250 45 6 450 25

64 2 5 500 35 11 000 25

77 2 11 650 30 23 250 25

5.5.1.2 Alternative bending test for insulating foam-filled tubes and solid rodg
having completed the production phase

There i no alternative test for checking the conformity with the associated requirement (for
instance, this)test could be destructive). Nevertheless, the manufacturer shall prove|that he
has follpwed the same documented manufacturing procedure with identical componenis as for
the type-testedproduct:

In addition, the manufacturer shall perform a test according to 5.5.1.1 except for the
measurement of F,. Only f'shall be measured.

5.5.2 Torsion test

The test piece shall be subjected to a torsion test over a length of 1 m (between collets or
terminations). Figure 8 shows suitable alternative methods of fixing the ends of the test
pieces for this test.

A linear torque shall be applied progressively at a rate of not more than (5 £ 2) N-m/s up to
the value Cy, which is the torque for which neither audible nor visible defects are observed. At
this value, the angular deflection measured after a 30 s application of the torque shall be less
than the corresponding angle a4 (see Table 4).
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The torque shall then be removed and, after 1 min, the residual angle of deflection shall be
measured. This shall be less than 1 % of a4 for solid rods, and 1° for foam-filled tubes.

An increasing torque shall then be reapplied, as above, up to a value C, and shall be
maintained for 30 s. There shall be no sign of failure.

The test shall be continued until the test piece breaks, for information purposes.
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A test piece gripped in spring collet
B test piece gripped by taper mandrel
C termination potted in resin

R resin

IEC

housing suitable for gripping in mandrel
screws

test piece

Figure 8 — Torsion test — Examples for fixing foam-filled tube and solid rod
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External diameter of foam-filled tube and Cy ay C,
solid rod
mm N-m degrees N-m
10 4,5 150 9
Solid rods
15 13,5 180 27
32 40 35 80
39 80 40 160
Foam-filled tubes 51 120 12 240
04 [Sy4v) £ 04
77 600 8 20D

5.5.3

Crushing test on insulating foam-filled tube

The length of each test piece shall be equal to three times the external diameter. The test
piece shall be placed between two smooth, flat, parallel, rigid plates and compressed (see
Figure 9). The length of the plates shall be at least equal to the {est’piece length plus|20 mm.
The distance between plates shall then be continuously decreased at a constant speed of

2 mm/miin.

The forge F applied to the test piece shall be recordedversus time.

Two valpes of F are to be considered:

a) F =|F4 minimum value of F' where first, linearity is lost. This corresponds to a|loss of

AF 30,01 Fg;

b) =|F,: maximum value of F recorded' during the three first minutes of test (displacement

<6 mm).

F4 and . measured values shall be higher than the values specified in Table 5.

Table\5 — Values of Fy and F, for crushing test

Nominal diameteriof‘foam-filled tube 32 39 51 64 77
mm
7y (N) 700 1650 3 000 3400 7 000
F.(N) 1400 3 300 6 000 6 800 14 000



https://iecnorm.com/api/?name=cc333937e30910bf6d3fb9c5b2c2d9f4

IEC 60855-1:2016 © IEC 2016 - 27 -

Dimensions in millimetres
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Figure 9a — Two crushing plates
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C cenfred U upper plate
CT cenfred test piece L lower plate
P plates

Upper-plate stability Shall be ensured by displacing down application point of force F, with the help of stirqups.

Figure 9b — Test mounting

Figure 9 =Crushing test

5.5.4 Electrical test after mechanical ageing
5.5.4.1 Bending ageing test

The test consists of subjecting each test piece to a total of 4 000 bending cycles under the
test conditions described in 5.5.1. The force F indicated in Table 3 shall be applied at the
midpoint of the test piece, to give 1 000 bending cycles in each of four directions, 90° apart.

The frequency of application of the load shall be between one and two cycles per minute. The
test piece shall be rotated through 90° after each 1 000 bending cycles.

The test shall be considered as passed if, after 4 000 cycles, the test piece shows no signs of
deterioration, localized or otherwise, nor any permanent set, during a visual check.
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5.5.4.2 Dielectric test after mechanical ageing

Two 300 mm new test pieces shall be cut from each half of the three test pieces having
undergone the 4 000 cycles bending test. These six new test pieces shall be tested before
and after exposure to humidity as described in 5.4.2.1.

The test shall be considered as passed if the results are in accordance with 5.4.2.1.5.

5.5.5 Dye penetration test

The three test pieces shall be totally immersed in a container filled with aqueous dye solution.
The dye shall be selected in accordance with occupational health and environmental
requirenrents:

NOTE IBC 60855:1985 specified a solution of fuschine. For health considerations, efforts hayve been| made by
TC78 to ifentify a replacement and comparative dye penetration tests have been carried out, using varipus dyes.
These tedts indicate that the choice of the dye does not affect significantly the characterization ‘of foam-fijled tubes
and solig rods. In practice however, eosine (Cg,HBr,Na,O;) proves to be particularly convenjent. The
concentrgtion of the eosine is about 1 % to 2 % in distilled water.

The container with the immersed test pieces shall be placed in @)vacuum chamber at a
pressurg of less than 6 500 Pa (about 50 Torr). After 1 h, the pressure shall be releaged and
the test|pieces shall be removed from the solution.

In ordef to avoid dye solution spreading from the test _piece ends during cutting, fthe test
pieces ghall be dried for 24 h at a temperature of about-35/°C before cutting them.

After drying, the test pieces shall be cut 5 mm ftem each end. The new test piedes thus
obtained shall be slit lengthways.

The test shall be considered as passed if there is no sign of solution dye penetration |n either
the foam, at the junction of the foam and.the insulating tube, or in the solid rod.

5.5.6 Durability of marking

This tej} is carried out on the markings of three initial lengths of foam-filled tube and golid rod
provided by the manufacturer, before the test pieces are cut from them.

The markings shall be.rubbed vigorously for 1 min with a clean cloth soaked in water, then
with a clean cloth seaked in isopropanol (CH;-CH(OH)-CHs).

The test shall_.be“considered as passed if the markings are still legible and the charagters do
not run pr smear.

NOTE This test does not apply to the marking of the packaging.

6 Conformity assessment of foam-filled tubes and solid rods having completed
the production phase

For conducting the conformity assessment during the production phase, IEC 61318 shall be
used in conjunction with this part of IEC 60855.

Annex B developed from a risk analysis on the performance of the foam-filled tubes and solid
rods provides the classification of defects and identifies the associated tests applicable in
case of production follow-up.
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7 Modifications

Any modification of the design of foam-filled tubes and solid rods that affects the performance
of the product shall require the type tests to be repeated, in whole or in part, as well as a
change in the reference literature. If the modification of a characteristic does not modify the
requirements which are checked through a certain test, it is not necessary to repeat this test.
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Annex A
(normative)

Plan of carrying out of the type tests

The numbers given in the different test groups of Table A.1 indicate the order in which the
tests shall be carried out. Within a group, tests with the same sequential number may be
performed in the order that is most convenient.

Table A.1 — Chronological order of the type tests

Subclause
Grou Grou Grou Grou Grou Grou Grou
Type tests - 1p 2p 3p 4p 5p Gp 7p
Requirements Tests
Dimensional check @ 4.4 5.3.3 1 1 1 1 1 1