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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS OF TEST FOR P.V.C. INSULATION AND SHEATH OF
ELECTRIC CABLES

’ ' ' FOREWORD

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

They have the form of recommendations for international use and they are accepted by the National Committees in that
sense. .

In order to promote this international unification, the IEC expresses the wish that all National Committees having as
yet no national rules, when preparing such rules, should use the IE C recommendations as the fundamental basis for these
rules in so far as national conditions will permit.

The desirability is r@cognized of extending international agreement on these matters through an endeavour to harmonize
national standardization rules with these recommendations in so far as national conditions will permit. The National
Committees pledge their influence towards that end.

_ PREFACE
This Report has been prepared by 1E C Technical Committee No. 20, Electric Cables.

A first draft was discussed at the meeting held in Ankara in 1967, as a result of which a new draft was

submitted to National Committees for approval under the Six Months’ Rule in January 1969.

Publication should be published as a Report instead of as a Recommendation.

The following countries voted explicitly in favour of the publication:

Australia Netherlands

Austria Poland

Belgium Romania

Czechoslovakia » Sweden

Denmark Switzerland

Finland Turkey

Germany Union of Soviet Socialist Republics
Israel ‘ United Kingdom

Italy : United States of America

Japan » Yugoslavia

Since sufficient agrcemént could not bé reached, IEC Technical Committee No. 20 decided that this

This Report is incomplete. The test for determining the weight loss measurement and the accelerated

. ageing test, together with tests for resistance to cracking and methods of test and behaviour at low and

high temperatures are being reconsidered, taking into account the latest knowledge on this subject. Elec-
trical tests have been omitted and are under consideration for inclusion in the form of fundamental electrical
tests for this material. A second edition will be published later. '
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METHODS OF TEST FOR P V.C. INSULATION AND SHEATH OF
ELECTRIC CABLES - (

Scope
This Report is a catalogue, incomplete in this first edition, of test methods which are recommended
to be used for testing polyvinyl chloride insulation and sheath of electric cables, wxres and cords used

-for power distribution or telecommumcat1ons _ '

Full test requirements, giving all the limiting values for test results, are not specified in this Report:
it is intended that these should be specified in the Recommendations for the various types of cable.
Any test requirements which are given in this Report should be considered as examples only and
may be modified to suit the needs of a particular type of cable. '

Conditioning values and testing parameters are specified for the most common types of p.v.c.
compounds and of cables, wires and cords. It is intended that the values of these parameters should be
modified for use in various applications, particularly for p.v.c. compounds for operation at tempera-
tures higher than 70 °C.

Notes 1 — The term “polyvinyl chloride” is used to denote compounds-of polyv1nyl chloride or suitable co-polymers
based on vinyl chloride or of mixtures of p.v.c. and such co-polymers.

2, — This Report is intended as a guide to IEC Technical Committees in drafting Recommendations for electric
cables and to the National Committees in drafting specifications for use in their own countries. These
Committees should select from this general Report the tests appropriate to the particular application with
which they are concerned, and reproduce these tests in their cable specifications after adding the limiting
values for test results.

This Report is not intended to be used as a guide in drafting purchasing spec1ﬁcat10ns which should be
based on the relevant national specifications for electric cables or, where these do not exist, on the relevant
IEC Recommendations for electrxc cables.

General notes on tests

The tests described in this Report are type tests.

Note. — The definition of a type test is given in IEC Publication 189-1, Low-frequency Cables and Wires with
p.v.c. Insulation and p.v.c. Sheath, Part 1: General Test and Measuring Methods.

If the methods of sampling are not given in the following tests, these should be specified in the
relevant cable Recommendation.
Unless otherwise speciﬁéd tests shall be made at an ambient temperature of 20 + 5 °C.

Unless otherwise specified; test voltages shall be a.c. 40 Hz to 62 Hz of approximately sine-wave
form, the ratio peak value/r.m.s. value bemg within the limits V 2 + 7%, The values quoted are r.m.s.
values. .

Ifa marking: is stamped into the insulation or sheath, thus giving rise to a local thickness smaller

_ than the specified thickness, the samples used for the tests shall be taken so ds to include such marking.

o ' /

Where the term “median value” is used in this Report, it means either the middle value, if an odd
number of values is obtained, or the mean of both the middle values if an even number of values is
obtained, after the values have been arranged in 01fder of increasing value,
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3. Tests for determining mechani_i:ai properties of insulation before and after ageing. .

The tests shall determine the tensile strength and- elongatlon at break of the msulatmg matenal
taken from pieces of cable in the following conditions:

a) as received (i.c. w1thout any ageing treatment),
b) after an accelerated ageing treatment; .
c) after another ageing treatment, different from 5), if requlred

3.1 Sampling

Three samples of each core to be tested shall be taken, each not less than 1 m from the other two.
The cores of flat cords are not separated Each sample shall be at least 60 cm long, and shall be
cut into six small pieces, two of which shall be used for each of the tests @), b) and ¢ ), so that six
small pieces of insulated core are provided for each of these tests.

If it is possible to take two test pieces from the mrcumference of the core, the sample shall be
40 cm long and shall be cut into four small pieces.

Note. — In general, this type of sample is applicable to a conductor of cross-sectional area of 50 mm? and above.

If the samples of core are taken from the three places x, y and z, they shall be marked consecutively:

Xo, X1, X2, X3, X4, X5,

Y0, Y1, ¥2, ¥3, ¥4, ¥55
70, 21, 22, 73, Z4, Z5.

When two test pieces are taken from the circumference of the core, the numbering shall be:

1

2

The procedure shall be the same for test pieces y and z. The numbering of the samples shall corres-
pond to their original places in the sample of the core. :

Those numbered:

1 and 3 shall be subjected to the preparation and determination of the cross-sectional area, as
specified in Sub-clauses 3.2 and 3.3 respectively, and to the test specified in Sub-clauses 3.4
and 3.5 without an ageing treatment. - :

2 and 4 to the test after an ageing treatment, as specified in Sub-clause 3.7.
0 and 5 to the test after another ageing treatment, if required.

" The tensile test on the unaged pieces shall be made at the same time as the test on the aged pieces.

3.2  Preparation of test pieces

Test pieces may be of two types, tubular and dumb-bell.
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3.2.1 Tubular test pieces

‘This type shall be used for cores with a conductor having a nominal cross-sectional area not o

exceeding 25 mm2, except when the expected breaking load of the test specimen exceeds 650 N in -
. which case a dumb-bell must be used, if possible. .

A tube not less than 100 mm long is obtained by removal of all outer coverings and the conductor, .
care being taken not to damage the insulation. ' '

If withdrawal of the conductor is difficult, it should be stretched by any suitable means.

A length of 20 mm shall be marked by two lines, centrally on each piece, immediately before the
tensile test. .

3.2.2 Dumb-bell test piéces

This type of test piece shall be used for cores with a conductor having a nominal cross-sectional
area exceeding 25 mm? or, if possible, when the expected breaking load of a tubular test piece is more
than 650 N. The small dumb-bell may be used for cores having a nominal cross-sectional area not

* exceeding 25 mm?, as an alternative to a tubular test piece. -

" The insulation shall be cut open in the direction of the axis and the conductor removed.,

The insulation shall be ground so as to obtain two parallel surfaces, care being taken to avoid
undue heating. After grinding, the thickness of the dumb-bell, measured as described in Appendix A,
shall not be less than 0.8 mm and not more than 2.0 mm.

Note. — Other methods of cutting are allowed.

After this preparation, one dumb-bell according to either Figure 1, page 46, or Figure 2, page 46,
shall be punched; if possible, two dumb-bells shall be punched side by side.

Immediately before the tensile test, a length of 20 mm shall be marked by two lines, centrally on
each dumb-bell according to Figure 1; a length of 10 mm shall be similarly marked on each dumb-
bell according to Figure 2. ‘

3.3 Determination of cross-sectional area of insulation
3.3.1 Cross-sectional area of the test piece described in Sub-clause 3.2.1
The cross-sectional area @, in square millimetres, of the insulation of each of the samples of core
shall be determined by one of the following methods:
a) From the dimensions of the section, according to the formula:
Q == (D-i)i
Where: ' '

i = the mean value of the thickness of the insulation, in millimetres to two decimal figures,
determined as described in Appendix A

" D = the mean value of the outer diémeter‘_ of the core, in millimetres to two decimal figures,
determined as described in Appendix A : o
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b) From the density, the mass and the length,yaccordin'g to the formula: -

=100m
e !

2

‘Where:
m = the mass of the piece of insulation, in grammes to three decimal figures

-

the length, in centimetres to two decimal figures

the density obtained from an additional sample of the same insulation, in grammes per
cubic centimetre to three decimal figures, determined as described in Appendix B

0

" The density shall be measured on material before ageing. In case of dispute, method b) shall be
used. :

3.3.2 Cross-sectional area of the test piece described in Sub-clause 3.2.2

34

3.5

The cross-sectional area of each of the dumb-bell pieces shall be calculated from the width and the
least thickness of the middle portion of the dumb-bell (between the gauge lines), each being the mean
value of three measurements. The measurements shall be made by a micrometer or similar
instrument'producing a contact pressure not exceeding 7 N/cm? and shall be expressed in millimetres

‘to two decimal figures.

Conditioning of test pieces

All test pieces shall be képt at a temperature of 20 + 1 °C for at least 3 h before the tensile test.

Tensile test procediire

The test shall be carried out not less than 16 h after the extrusion of the core, at a temperature of
20 + 5 °C; each test shall be completed within 5 min of the removal of the test piece from the con-
ditioning chamber. . :

In case of dispute, the test shall be repeated at 20 + 1 °C.

The grips of the tensile machine may be either of a self-tightening type or a non self-tightening
type for both dumb-bell and tubular test pieces.

The free length between the grips may be about: .

34 mm in the case of dumb-bells according to Figure 2, page 46;
50 mm in the case of dumb-bells according to Figure 1, page 46;
50 mm in the case of tubes, if tested with self-tightening grips;

85 mm in the case of tubes, if tested with non self-tightening grips.

The rate of separation of the jaws of the tensile machine shall be: -

20 + 2 cm/min for dumb-bell test pieces if the length between the grips is 34 mm;

20 + 2 cm/min for dumb-bell test pieces if the length between the grips is 50 mm;
30 + 3 cm/min for tubular test pieces if the length between the grips is 50 mm;

50 + 5 cm/min for tubular test pieces if the length between the grips is 85 mm.
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_The elongation shall be determined By measuring the disté.ncé between the two marker lines at "

~ rupture,

If a test piece breaks due to damage-b'y the grips,-it shall ‘e ignored; in such a case at least four -

valid results are required in order to calculate the tensile strength and elongation at break, otherwise
~ the test must be repeated. o o ' T

Expression of results

All breaking loads shall be referred to the cross-sectional.area of the unstretched test piece for
calculation of tensile strength. The median of the values of tensile strength shall be recorded as the
tensile strength; the median of the values of elongation at break shall be recorded as the elongation
at break. ' ' :

-~

Weight loss measurement
Test pieces for this test shall be prepared as described in Sub-clause 3,2. The surface of evaporation
shall be calculated from the original dimensions of the test pieces; for a tubular test piece (ignoring

the cut ends) from the mean outer diameter, measured as described in Appendix A, and the
length; for dumb-bells from the following formulae:

For a dumb-bell according to Figure 1, page 46:

1256 + (180 x ¢t) om®
100 -

" For a dumb-bell according to Figure 2, page 46:

624 + (118 x 7)
100

Where:
t = the mean thickness of the dumb-bell, in millimetres, measured as described in Appendix A

In flat cords, the cores shall not be separated, since the surface of evaporation shall be taken as the

~sum of the surfaces of each core, which shall be calculated from the length and the mean outer

diameter, measured as described in Appendix A, ignoring the cut ends and the surface over which
the cores cohere. ’ '

The open ends of the tubular test pieces shall be closed by the following methods:
a) for thin insulation by fusing the ends togethér; o

b) for inéulation of large dimensions by plugging, for example, with cotton wool; materials which
might absorb plasticizer, like rubber and plastics shall not be used. . '

The test pieces shall be weighed accurately without plugging materials, if any, after a conditioning

- period of at least 20 h at ambient temperature in a dessicator.

" The test pieces shall be stored in an oven, in air at atmoépheric pressure, for 7 x 24hat80 + ‘2 °C, -
under the following conditions. e o '
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» Compounds of diﬁ'erent compositions shall not be in the oven at the same‘time.

Test pieces S_hall be’ hung substantially in the middle of the oven and at least 20 mm apart.

_ Test pieces shall not take up more than 2% of the volume of the oven. Air shall enter the oven in
such a manner that it shall flow over the surface of the test piece and shall leave the oven at or near
the top. : '

There shall beino_obstruc/tion to the air flow over the surface of the test pieces.
The rate of air flow shall be such as to give not less than eight changes per hour.

Immediately afterwards, the test pieces shall be taken out of the oven and left at ambient tempera-
ture, avoiding direct light for at least 20 h in a dessicator. After this period, the test pieces shall be
re-weighed without plugging materials, if any.

The loss in weight shall be calculated and expressed as milligrammes per square centimetre of
surface of evaporation. '

The median of the values of loss in weight shall be recorded as “weight loss”.

Two methods fof_ measuring the rate of air flow through an oven are given in Appendix C: In case
of dispute, Method 2 (the flowmeter method) shall be used.

Accelerated ageing test

After being tested for weight loss and conditioned by the method described in Sub-clause 3.7, a
tensile test shall be carried out with the same test pieces. The test pieces shall be subjected to the
determination of cross-sectional area, as specified in Sub-clause 3.3, and to the tensile test and condi-
tioning as specified in Sub-clauses 3.4 and 3.5. The result shall be expressed as described in Sub-
clause 3.6. '

Tests for determining mechanical properties of sheaths before and after ageing /

The tests shall determine the tensile strength and elongation at break of sheathing material taken
from pieces of cable in the following conditions:

a) as received (i.e. without any ageing treatment);

b) after an accelerated ageing treatment;

¢) after another ageing treatment, different from b), if required.

Sampling

Three samples of cable or cord to be tested shall be taken, each not less than 1 m from the other two.
Each sample shall be at least 60 cm long, and shall be cut into six small pieces, two of which shall
be used for each of the tests a), b ) and ¢), so that six small pieces of cable or cord are provided for
each of these tests. ~ : ’ ‘

If it is possible to take two test pieces from the ciréumference of the sheath, the sample shall be
40 cm long and shall be cut into four small pieces. '

Note. — In genéral, this sample is applicable to cables or cords with a diameter over the sheath exceeding 12.5 mm.
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If the samplés of cable or cord are taken from the three places x, y and z, they shall be niafked,
consecutively: s : oo S o ) o V
" Xo, X1,A‘Xv2, X3, X4, X5}
Yo, Y1, Y2, ¥3, Y4, ¥5:
- Zo, 21, Zg, Z3, Z“l’ Zs.

When two test pieces are taken from the circumference of the sheath, the.'numbering shall be:

The procedure shall be the same for test pieces y and z. The numbering of the samples shall
correspond to their original places in the sample of the cable or cord.

Those nufnbered:

1 and 3 shall be subjected to the preparation and determination of the cross-sectional area, as
' specified in Sub-clauses 4.2 and 4.3 respectively, and to the test specified in Sub-clause
4.4 without an ageing treatment. 3 o

2 and 4 to the test after an ageing treatment, as specified in Sub-clause 4.5.
0 and 5 to the test after another ageing treatment, if required.

The tensile tests on unaged pieces shall be made at the same time as the tests on the agéd pieces.

4.2 Preparation of test pieces
Test pieces may be of two types, tubular and dumb-bell. .

4,2.1 Tubular i_est pieces

This type shall be used for cables and cords with a specified upper limit of average diameter of .

sheath not exceeding 12.5 mm, except when the expected breaking load of the test specimen exceeds-
650 N, in which case a dumb-bell must be used, if possible. ‘

A fube not less than 10 cm long is obtained by removal of all outer coverings, core\:(s) and ﬁllers
(if any), care being taken not to damage the sheath.

A length df 20 mm is marked by two lines, centrally on each piece, immediately before the tensile
> test. S ‘ : . ' : o

422 Dumb-bell test pieces

This type of test piece shall be used for cables and cords with a specified upper limit of average
diameter of sheath exceeding 12.5 mm or, if possible, when the expected breaking load of a tubular
 test piece is more than 650 N. The small dumb-bell may be used as an alternative to a tubular test
. piece, for cables and cords with a specified upper limit of average diameter of sheath not exceeding .
- 12.5 mm when the expected breaking load of the test piece exceeds 650 N. = - ", N
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_ After removing all outer coverings, the sheath shall be cut open in the direction of the axis of the
cable or cord or, if there are ridges caused by the cores, in the direction of the ridges; the core(s) and
fillers (if any) are then removed. Sheaths with ridges shall be ground, care being taken to avoid :

~ undue heating. Grinding is also permissible for sheaths without ridges. After grinding, two parallel .
surfaces shall be obtained, the thickness of the dumb-bells shall not be less than 0.8 mm and not
more than 2.0 mm. ’ :

Note. — Other'.methods of cutting are allowed.
After this preparation, one dumb-bell according to either Figure 1, page 46, or Figure 2, ﬁage 46,
shall be punched or, if possible, two dumb-bells shall be punched side by side.

Immediately before the tensile test, a length pf 20 mm is marked by two lines, centrally on each
dumb-bell according to Figure 1; a length of 10 mm shall be similarly marked on each dumb-bell
" according to Figure 2.

43 Determination of cross-sectional area of the sheath

4.3.1 Cross-sectional area of the test piece described in Sub-clause 4.2.1
The cross-sectional area Q, in square millimetres, of a sheath without ridges on any of the samples
shall be determined by one of the following methods:

a) From the dimensions of the section, according to the formula:

Q = n (D-i)i

Where:

i = the mean value of the thickness of the sheath, in millimetres to two decimal figures, deter-
mined as described in Appendix A

D = the mean value of the outer diameter of the sheath, in millimetres to two decimal ﬁgures,
determined as described in Appendix A

b) From the density, the mass and the length, according to the formula:

100 m
ol

Q =
Where:

= the mass of the piece of sheath, in grammes to three decimal figures

N‘
1

the length, in centimetres to two decimal figures

)
I

the density obtained from an additional sample of the same sheath, in grammes per cubic
centimetre to three decimal figures, determined as described in Appendix B ‘

| The density must be measured on material before ageing. In case of dispute, r_nethod b) shall be
~used.

The cross—seétional area, Q, in square millimetres, of a sheath with ridges on each of the samples is
determined by method b).. : '
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4.6.

6.1

The cross-sectlonal area of each of the dumb- bell test pxeces shall be calculated from the width and

: the least thickness of the m1ddle port1on of the dumb-bell (between the gauge lines), each being the

mean value of three measurements. The measurements shall be made by a micrometer. or similar

‘ anstrument producing a contact pressure not. exceedmg 7 N/cm? and shall be expressed in millimetres
" to two de01mal ﬁgures - :

,Conditioning of test pieces,' .testprocedure, and expression of results

Condltlomng of test pieces, test procedure and expression of results shall be made as spe01ﬁed in
Sub-clauses 3.4, 3.5 and 3.6 respectively. :

Weight loss measurement

After preparation of the test pieces as descrlbed in Sub-clause 4 2 the weight loss measurement
shall be made as specified in Sub clause 3.7. ’

Accelerated ageing test

- This test shall be carried out after the weight loss test with the same test pieces. The test pieces are

~ subjected to the determination of cross- -sectional area, as specified in Sub-clause 4.3, and to the test

with conditioning as specified in Sub clauses 3.4 and 3.5. The results shall be expressed as described

‘ m Sub-clause 3.6.

Electrical tests

Under consideration.

~ Tests for resistance of insulation and sheath to cracking

Preparation of the spe"cimeﬁs

| 6.1.1 Both for testing of insulation and sheath, one‘sample of cable or cord of suitable length shall be taken

from two places, separated by at ,least_l m. Two types_of specimens shall be considered.

6 1. 2 F or cores and sheaths with an over-all drameter not exceedmg 12.5 mm, each specimen shall consist '

. of a piece of core, cable or cord, except for polyethylene insulated p.v.c. sheathed cables or cords.

E_xternal coverings, if any, shall be removed from the insulation and sheath. -

6 1. 3 For cores and sheaths wrth an over-all diameter exceeding 12. 5 mm, and for sheaths of polyethylene

" insulated cables or cords, each specimen shall consist of a strip,’ taken from the insulation or the

. sheath, whose width shall be 1.5 times its thickness but not less than'4 mm; the strip shall be cut in

the dlrectlon of the ax1s of the conductor cable or cord




6.2.1 For cores and &hed_ths :With an ofer-all diameter not éxceeding 12.5 mm

i 6.2 f’roceduré e

Each specimen of core; cable or cord as described in Sub-clause 6.1.2 shall be wound on a mandrel
“ to form a close helix. The diameter of the mandrel and the number of turns are given in Table L.

~ For flat cords, the mandrel diameter shall be based on the minor ciimensioh of the cord, which is
wound on with its minor axis perpendicular to the mandrel.

\

TaBLE 1
Over-all diameter of core, Mandrel diameter Number of turns
cable and cord
mm mm
Up to and including 2.5 5 6
Over 2.5 up to and including 4.5 9 6
Over 4.5 up to and including 6.5 13 6
Over 6.5 up to and including 9.5 19 4
Over 9.5 up to and including 12.5 40 2

Each specimen, on its mandrel, shall be kept for 1 h in a heating cabinet at a temperature of
150 + 2 °C. '

After the samples have been allowed to attain approximately room temperature, they shall be
examined while still on the mandrel. The samples shall show no crack visible to the naked eye.

6.2.2 For cores and sheaths with an over-all diameter exceeding 12.5 mm

Each specimen as described in Sub-clause 6.1.3 shall be wound on a mandrel to form a close helix
having six turns, with the inside of the insulation or sheath on the mandrel.

The diameter of the mandrel is given in Table I

TABLE 1T

Nominal thickness of insulation - - Mandrel diameter
: and sheath : .
" mm o ~ mm

Up to and including 1 mm

‘ Over 1 up to and including 2 mm

© Over 3 up to and including 3 mm
Over 3 up to and including 4 mm. ‘ )

~ Over 4 up to and including 5mm . 10

~The test shall then be ‘carried. out as described in Sub-clause 6.2.1.

;oL oA . .
. N 3 . .
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7. Methods of test for insulation and sheath at low temperatures
7.1: Impact test
7'.1,'1 VSamplihg _of insulaiion and sheath.,

; For testing the insulation and the sheath, ten samples of cdre, cable or cord, af least 15 cm long
- 'shall be taken; for flat cords without sheath, ten complete samples shall be taken. In each case, two
samples shall be taken from five places separated by at least 1 m. ' ‘

7.1.2 Preparation and test procedure for insulation and sheath

The samples shall be subjected to an impact test not less than 16 h after extrusion by means of the
- apparatus shown in Figure 6, page 50. The mass of the hammer for testing the insulation shall be:

100 g for fittings cables and flexible cords without sheath;

200 g for single core cables without sheath having an over-all diameter up to and including 12.5 mm;

500 g for single core cables without sheath having an over-all diameter from 12.5 mm ﬁp to and
including 15.0 mm;

750 g for single core cables without sheath having an over-all diameter exceeding 15.0 mm.

Note. — The insulation of cables and flexible cords with sheath is not subjected directly to the impact test, as its
. bebaviour is adequately checked during the impact test of the sheath.

The mass of the hammer for testing the sheath shall be:

100 g for flexible cables and cords;

500 g for other cables for which an upper limit of average over-all diameter not exceeﬁing 15.0 mm
is specified ; ‘

750 g for other cables for which an upper limit of average over-all diameter exceeding 15.0 mm is

specified.

The test shall be made after any covering has been removed from the insulation or the sheath.

The apparatus on a pad of sponge rubber, 4 cm thick, shall be placed together with the samples in’
a refrigerator at a temperature of _15 + 2 °C, for at least 16 h. At the end of this period, each sample
in turn shall be placed in position as shown in Figure 6 and the hammer shall be allowed to fall

~ from a height of 10 cm.
Flat cords shall be tested with their vmin‘or’axiS perpendicular to the steel base.

Note. — The cooling period of 16 hb includés the time necessary for cooling down the apparatus. If the apparatus

’ "has been pre-cooled, a shorter period is permissible, but not less than 4 h, provided that the samples have
attained the prescribed test temperature. : - '

Before examining the insulation, the sémples shall be allowed to attain approximately ‘_ropm

temperature after the test. = . o T '

- The insulation shall then be examined and shall show no crack visible to the naked eye after the ‘

samples have been twisted, while held straight, through an angle equal to 360° for each 10 cm of

length. : EERE ‘ ’
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If, honger, it is not poésible to twist the samples in this way, they should be exé,mined as specified
_ for the sheath. R e : :

Before examining the sheath, the samples shall be immersed in hot water after the test; the sheath ’
~ shall then be cut open in the direction of the axis of the cable or cord:

The inside and outside of the sheath and the inéulation shall then be examined, and shall show no
crack visible to the naked eye. -

The insulation of cables and cords with sheath'shall be examined on the outside only.i M
7.2  Bending test

7.2.1 General

This test is intended for cores, cords and cables with an over-all diameter up to and including
12.5 mm. Samples having a larger diameter may be also subjected to this test as far as practicable;
otherwise, they must be subjected to the elongation test described in Sub-clause 7.3.

7.2.2 Sampling

One sample of core, cord or cable, of suitable length shall be taken from two places separated by
at least 1 m. SN

7.2.3 Preparation and test procedure

Before commencing the test, all covering (if any) shall be removed from the insulation or sheath.

The test shall be carried out not less than 16 h after extrusion.
The samples shall be cooled in air to a temperature of — 25 + 2 °C for at least 4 h.

A mandrel, the diameter of which shall be four times that of the sample, shall also be cooled at the
same temperature and for the same time as the samples. For flat cords and cables, the mandrel
diameter shall be based on the minor dimension of the sample, which shall be wound with its minor
axis perpendicular to the mandrel.:

Each sample shall be bent tautly round the mandrel in a close helix at a rate of one turn in approxi-
mately 5 s, while at the temperature specified above. The number of turns is given in the following
table: ‘ ‘ ' \

Over-all diameter of the sample Number of turns
mm
Up to and including 2.5 10

Over 2.5up to and including 4.5
Over 4.5 up to and including 6.5
Over 6.5 up to and including 8.5
Over 8.5 up to and including 12.5

N W Ao

After bending at low temperature, the samples shall be allowed to attain approximately room
temperature. ‘ ; S
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The samples shall then be examlned whlle still on the mandrel Nelther the lnSulation nor the »

W 'sheath shall show any crack v1s1ble to the naked eye

73

. 'Note - ThJs bending test may be effected thh the apparatus shown in Flgure 7 page 51 wrth explanatlons In that

case, the apparatus with the sample in position is kept for at least 16 h at a temperature of -25 + 2°C.

If the apparatus has been pre-cooled, a shorter period is perm:ssrble, but not less than 4h, provrded the -

o sample has attamed the specified test temperature -

Elongation test. : ] » “

»7.‘3.11 General -

This test is intended for cores, cords and cables havmg an over-all dlameter exceedmg 12 5 mm

and. for sector-shaped cores.

7.3.2 Sampling of insulation and sheath

One sample of core, cord or cable, of suitable length shall be taken from two places separated by
at least 1 m. - -

7.3.3 Preparation and test procedure for insulation and sheath

After removing all covering, if any, the insulation or sheath shall be cut open in the direction of the
axis after which the conductor or the cores and fillers (if any) shall be removed

The 1nsulatron and the sheath shall not be ground if their mean specrﬁed thickness does not exceed
4.0 mm. Samples having a thickness exceeding this limit shall be ground on the outside only, obtain-

* ing a regular thickness of the sample, care being taken to avoid undue heatlng After grlndmg, the

thickness shall not be less than 3.0 mm.

After this preparation, three dumb-bells of each sample according to Figure 1, page 46, shall be
punched in the direction of the axis; if possible, two dumb-bells are punched side by side.

For sector-shaped cores, the dumb-bells shall be punched out of the back of the core (see Flgure 8,

" page 52).

The test shall be carried out not less than 16 h after extrusron ata temperature of ——25 +1°C.

The test may be carried out on a normal tensile machme provided with a coohng device or on a
tensile machine installed in a cooling chamber. Using a liquid as refrigerant, the condrtromng time
shall not. be less than 10 min at specified temperature; when cooling in air, the conditioning perrod

shall be at least 4 h; this perxod may be reduced to 2 h.if the apparatus has been pre-cooled

If a liquid mixture is used for cooling, it must not impalr the insulatingior_' sheathing ‘mater‘ial. A

The grips of the tensile apparatus shall be ofa non self-t1ghten1ng type In both grlps, the dumb-
bell shall be clamped over the same length; the free length between the j Jaws shall be 30 + 0.5 mm.

.. 'The speed of separation of the j jaws of the tensile machine shall be50£5 mm/mm

The elonga‘uon shall be determmed by measurmg the drstance between the j Jaws at rupture

F or calculatmg the elongatlon, the increase of the drstance between the j Jaws shall be related to the e

= length of 30 mm.
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If it is not poss1ble to observe the sample durmg the elongation test, the test pieces must be exa- '

mined after the test; if they have slipped out of the grips, the result shall be ignored. At least five o

valid values are required for calculating the elongation, otherw1se the test must be repeated None of o
these values shall be less than 20%. . :

Note — A suitable refrigerant for testmg p.v.c. is a mixture of methylated splrlt with solid COz, another rmxture

is petrol with solid COa.
Behaviour of insulation and sheath at high temperatures

Pressure test at high temperatures

8.1.1 General

This test is intended for cords and cables with a maximum rated operating temperature of 70 °C.

The serving of a cable shall be tested in the same way as the sheath.

8.1.2 Sampling of the insulation and the sheath

Three complete pieces of cord and cable, each about 4 cm long, shall be taken from both ends of a
* sample which is about 1.25 m long.

8.1.3 Preparation and test procedure for the insulation

stable support.

Any covering shall be removed from the insulation. The insulation of round cores and flat cords
without sheath shall be tested on complete pieces of core and cord, whereas the insulation of sector-:
shaped cores shall be tested on strips.

These strips, which must be as wide as possible, shall be cut from the back of the insulatien in the
direction of the axis of the core (see Figure 8, page 52).

The test shall be made in water or air, at least 16 h after extrusion, by means of an apparatus having
a rectangular blade with an edge, 0.7 mm wide, which can be pressed against the test plece as shown -
in Figure 9, page 52.

Flat cords without sheath shall be laid on their flat side. The strips, cut from sector-shaped cores, are
supported by a metal pin or tube which may be halved in the direction of its axis to make a more

LY

The radius of the pin or tube is approx1mately equal to the radius of the inner side of the 1nsulatlon '
on the back of the sectoral core. ’ :

Each test piece shall be placed in position as shown in Figure 9, the force shall be applied in a

* direction perpendicular to the axis of the core or the pin (tube) and the blade shall also be

perpendlcular to the axis of the core or the pin (tube).

When the insulation of cores with a conductor having a nominal cross-sectional area exceeding
35 mm? is tested in air, the apparatus, pin or tube (if any) and the weight should be pre-heated till they

3
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- (of the sample of round and sector-shaped cores) is given by the formula:

35—

have reached the test temperature. The force P, in newtons, exerted by the blade upon the/‘te_st piécé

| P =08 V2Di-i2
Where: : A o B

i = the mean value, in millimetres, of the thickness of the insulation of the sample
D = the mean value, in millimetres, of the outer diameter of the sample for round cores

For sector-shaped cores, D is the mean value, in millimetres, of the diameter of the stranded sector- .
shaped cores, determined from one measurement of the circumference made at three different places
of the sample of cable. :

The force applied upon the test piece of flat cords without sheath is twice the value given by the -
above formula, where: C

D = the mean value, in millimetres, of the minor dimension of the sample
; = the mean value, in millimetres, of the thickness of the insulation of the sample

The calculated force may be rounded off down\gvards by not’ mofc than 3%. When testing in
water, the upward pressure upon the blade and the weight hanging on the blade should be taken into
account. C

The loaded, not pre-heated, test-piece shall be kept in the test positioh for 3 h in water or for 4 h
in air at a temperature of’:

70 + 0.5 °C for flexible cables and cords;
80 - 0.5 °C for other cables.

The test piece shall then be chilled under load. In the heating cabinet, this operation may be
carried out by spraying the test piece with cold water on the spot where the blade is pressing.

When testing in a water bath, the test piece shall either be brought just above the water surface or
the water surface shall be lowered till just below the test piece, after which the test piece shall be
chilled with cold water. ‘ '

During the cooling procedure, after testing in water, the load shall remain below the water level.

The test piece shall be removed from the apparatusiwhen it has cooled to a temperature where the
recovery of the insulation is substantially complete; the test piece shall be cooled further by immer-
sion in cold water.. : : :

Immediately after cooling, the test piece shéll be prepared for detefmining the depth of indentation.

A narrow strip shall be cut from the insulation in the direction of the axis of the core, perpendi-
cular to the indentation as shown in Figure 10, page 53.

The strip shall be laid flat under a measuring microscope and the cross wire shall be adjusted to the
bottom of the groove and the outside of the insulation as shown in Figure 11, page 53. . '

The insulation of small cores shall be halved in the direction of the axis of the core, pei‘pendicular .
to the indentation as shown in Figure 12, page 54. The median value of the indentation measure-
ments of the test pieces shall be not more than 50% of the mean value of the thickness of the insulation
of the sample. ' o

Note. — The capacity of the heating elements in the water bath should be sufficient for testing heavy cores. .
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8.1.4 Preparation of and test procedure for the sheath - -

"+ Any covering shall be removed from the sheéth. A strip, enclosing about a third part of the ‘cir-'
cumference shall be cut in the direction of the axis of the cable or cord from a sheath without ridges,

- and from a sheath with ridges caused by more than five cores. These ridges shall be removed by

grinding.

If a sheath shows ridges caused by five or less cores, the strip shall be cut in the direction of the °

ridges so that it contains at least one groove, which lies approximately in the middle of the strip
throughout its length. - :

The test shall be made by means of the apparatus described in Sub-clause 8.1.3.' The strips are’

supported by a metal pin or tube in the same way as the insulation of sector-shaped cores.

If the prepared test piece shows ridges, the pin (tube) radius shall be approximately equal to half
the core diameter; if the prepared test piece contains no ridges, the pin (tube) radius shall be approxi-
mately equal to half the inner diameter of the sheath.

The apparatus, the strip and the supporting pin (tube) shall be arfangeci so that the pin supports
the strip, the pin lying in the groove, if any, of the test piece, and the blade pressed against the outer
surface of the sheath.

When a sheath with a mean thickness exceeding 1.5 mm is tested in air, the apparatus, pin or tube

and the weight shall be pre-heated till they have reached the test temperature.

The force shall be applied in a direction perpendicular to the axis of the pin, and the blade shall
also be perpendicular to the axis of the pin. The force P, in newtons, exerted by the blade upon each
test piece of the sample of the sheath is given by the formula: ‘

P=0842'Di-i*

 Where:

i = the mean value, in millimetres, of the thickness of the sheath of the sample
D = the mean value, in millimetres, of the outer diameter of the sheath of the sample

For flat samples; D is the mean value, in millimetres, of the minor outer dimension of the sheath
of the sample. ' '

~ The force applied upon a prepared test piece, taken from a round cord or cable which contains
one or more grooves, is 0.9 times the calculated value, P.

The calculated force may be rounded off downwards by not more than 3%. When testing in water,
the upward pressure upon the blade and the weight hanging on the blade shall be taken intq account.

The test shall then be completéd as described in Sub-clause 8.1.3 for cores, to determine the depth
of the indentation. - ’

The median value of the indentation measurements of the test pieces shall be not more than 50%
of the mean value of the thickness of the sheath of the sample.
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APPENDIX A

MEASUREMENTS OF THICKNESS AND OUTER DIAMETER OF INSULATION AND
SHEATH

Procedure

Each specimen should consist of a thin slice of insulation or sheath, from which all coverings and internal
parts have been carefully removed. The slice should be cut, with a sharp knife, along a plane perpendicular
to the axis of the conductor (in the case of insulations) or of the cable (in the case of sheaths).

The specimen should be placed under a measuring microscope with the plane of the cut perpendicular
to the optical axis. The microscope allows a reading of 0.001 mm.

When the outer profile shows unevenness, the cross-wire of the microscope should be adjusted as indicated
in Figure 3, page 47.

When the inner profile of the specimen (insulation or sheath) is a circle, six measurements should be
carried out radially, as far as possible equally spaced around the circumference.

‘When the insulation is taken from a stranded conductor, six measurements should be made radially in the
directions where the insulation is thin, i.e. between the ridges caused by strands.

In all cases, the first measurement should be made at the place where the insulation is thinnest.
After adjusting the microscope, both thickness and outer diameter should be measured.
The readings should be made to three decimal ﬁgures.

The values for the diameter and the thickness derived from the measurements should be roundgd off to
two decimal figures; if the third decimal figure is 5 or more, the second decimal figure should be raised to
the next number.

The averages of the six values found in this way for diameter and thickness are the mean diameter and
the mean thickness of the test piece respectively. :
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APPENDIX B

METHOD FOR DETERMINING THE DENSITY OF P.V.C. INSULATION AND SHEATH

PYCNOMETER METHOD

1. Apparatus
" The apparatus for this method consists of:

— a balance with a precisioﬁ of 0.1 mg;

a pan straddle or other stationary support;

a pycnometer of 50 ml capacity;

a liquid bath provided with a thermostatic control.

. Specimen

The specimen should be taken from the bare insulation or sheath. The mass of the specimen should
be not less than 1 g and not greater than 5 g. The specimen should be made by cutting the sample of
insulation or sheath into a number of small pieces; small tubes of insulation and sheath should be cut
longitudinally into two or more parts to prevent the enclosure of air bubbles. A

. Conditioning

The specimen should be at an ambient temperature of 20 + 5 °C.

4. Procedure

Weigh the pycnometer empty and dry, then weigh a suitable quantity of the specimen in the pycnometer.
Cover the test specimen with immersion liquid (alcohol 96%) and remove all air from the specimen, for
example by applying a vacuum to the pycnometer standing in a desiccator. Break the vacuum (if
applied) and fill the pycnometer with the immersion liquid. Bring it to a temperature of 20 + 0.5 °C
in the bath, and then complete filling exactly to the limits of the capacity of the pycnometer. Wipe dry
and weigh the pycnometer with its contents. Empty and fill with the immersion liquid, removing air
and determine the weight of the contents and pycnometer at 20 +0.5°C.

. Calculation

Calculate the density of the p.v.c. insulation and sheath from the followihg relation:

. mx @1
density at 20 °C =
, : v my—ms
~ Where:

m = mass of specimen, in grammes
my = mass of liquid required to fill the pycnometer, in grammes
mg = mass of liquid required to fill the pycnometer, when containing the specimen, in grammes
01 = density of immersion liquid at 20 °C, alcohol 96%: .

o at 20 °C = 0.8013 g/cm3




APPENDIX C

METHODS OF MEASURING AIR FLOW IN OVENS

1. Method l—Indirect.or power co‘_nsu_mptioh method -

_ In this method, the additional power required to maintain the oven at a given temperature with its
ports open, over that required to maintain the oven at the same temperature with its ports closed, is .
used as a measure of the quantity of air passing through the oven when the ports are open. The average
“power (x watts)_required to maintain the oven temperature at 80 - 2 °C above the room temperature -
when the ports are open is determined over a period of 30 min or longer. The ventilation ports (and, if
necessary, the thermometer aperture) are now closed and the average power (y watts) to maintain the
same temperature over a similar period is determined. It is essential that the difference between the oven
temperature and the room temperature should be the same for the two tests to within 0.2 °C. The
room temperature should be measured at a point 183 cm (6 ft) from the oven, approximately level with
its base, and at least 61 cm (2 ft) from any solid objects.

The amount of air passing through the oven when the ports are open is given by the formulae:

*-y 1
v Cp (t1a-1) )
po 280w

Where:
Cp = the specific heat of air at constant pressure (1.003 J/g)

t1 = the room temperature
ta = the oven temperature
x —y = the difference in power consumptlon as defined in the first paragraph
w = the mass of air, in grammes per second
V = the volume of air, in litres per hour
d. = the density of air in the laboratory at the time of test, in grammes per litre
Note. — The density of air at 760 mmHg and 20 °C is 1.205 g/l.
 Hence:
3600 (x - ) 3590 (x =)
V= 0o V=—F"
1.003d(t2—t1) d(tz—tl) )

This formula assumes that, when the ports are closed, no air passes through the oven.. Therefore,
there must be no leakages; the door joint should be sealed with adhesive tape and all apertures, includ-
ing the inlet port, should be effectively closed. »

If the power consumption is measured with a wattmeter, the total length of time in sgclonds for
~which the oven heaters are “on” is measured with a stopclock and the reading of the wattmeter is taken
once during each “on” period. The average of the wattage readings multiplied by the total time
registered by the stopclock and divided by the duration of the test in seconds is taken as the power, in
watts, required to maintain constant temperature.
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If a watt-hour or kilowatt-hour meter is used, the reading of the total energy consumption registered
by the meter is divided by the duration of the test measured as a fraction of an hour. If a domestic
kilowatt-hour meter is used, the dial units are too large to enable a sufficient accuracy to be obtained
over a reasonably short test, and the rotating disc with which these meters are provided is therefore
used as the power consumption indicator. The meter is put into operation until the index mark on the
disc is.opposite the centre of the window; it is then disconnected until the start of the test.

To reduce the possible error, a long enough period of test is taken to give about 100 disc fevolutions,
and the test is preferably ended when the mark on the disc is visible. If, however, the mark is out of

. sight at the end of the test, an estimated fraction of a revolution is added. The test is started and stopped

2.1

at corresponding points of the “on-off” heating cycle (e.g. at the moment when the heaters are switched
on by the thermostat).

Method 2 - Direct and continuous method

This method, as an alternative to Method 1, allows a direct and continuous control of the air supply.

Description of the equipment
Starting from the air source at high pressure, i.e. from a pipe system of air cylinders:
a) Air-pressure regulator

A device to reduce the air pressure from the many atmospheres of the supply mains to the quite
low pressure values needed for feeding the oven.

It is equipped with an adjustable valve which guarantees a constant pressure downstream.,
b ) Flowmeter

An instrument with which the rate of air flow can be measured. It is illustrated by Figure 4, page 48,
and operates on a manometric principle, with:

1) A capillary calibrated tube, with an internal calibrated diameter of about 2 mm and a calibrated
length of about 70 mm. Figure 5, page 49, shows a typical calibration diagram, made by a
recognized Italian institution and from which it appears that such a tube enables the control of
air flow up to 500 1/h to 600 1/h;

2) A manometric tube with a double graduation of pressure difference ranging between 0 and
+ 300 mm of water. Distilled water is in the manometric liquid.

c¢) Air oven

An ordinary air oven to be operated accurately sealed, including sealing round the inlet tube,
which should preferably enter the oven through the bottom. The outflow hole which should be at
the top of the oven is the only port to be open.

Note. — The following two features of the reliability of the method and the equipment are pointed out:

a) The flowmeter described above can be considered as fullyqreliable, easy to manufacture and to cali-
brate, as well as suitable for the range of air rates here involved.

b) As shown by tests, the adoption of “forced” ventilation does not alter, in practice, the umformlty of
the temperature at the various points in the ovens.
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Traits de repére
Marker lines
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Dimensions en millimétres Dimensions in millimetres
Les traits de repére ne s’appliquent pas a I’essai d’allon- The marker lines are irrelevant to the elongation test at
gement & basse température low temperature :

FiG. 1. — Eprouvette en forme d’haltére.
Dumb-bell test piece.
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Dimensions en millimétres . : ) » : Dimensions in millimetres
N Fi1G. 2. — Petite éprouvette en forme d’haltére.

Small dumb-bell test piece.
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Fi1G. 3. — Mise en place du réticule du microscope de mesure. -
Placing of the cross-wire of the measuring microscope.
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F16. 4. — Débitmetre pour le contrdle du débit d’air dans les étuves pour la methode
Flowmeter for air flow control in air ovens for Method 2.
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FIG. 5. — Diagramme d’étalonnage du tube capillaire (d = 2,0 mm, / = 70 mm) du débitmeétre pour le
contrdle du débit d’air dans les étuves par la méthode 2. ' :

Calibration diagram of the capillary tube (d = 2.0 mm, / =70 mm) of the flowmeter for air flow
control in air ovens for Method 2. : '
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Fi1G. 6. — Appéreil d’essai de choc.
Impact-test apparatus.
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4.— En position en pente, le tube ne doit . 4.— In slope position (S. P.), the tube
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FiG. 7. — Appareil pour I’essai de pliage a froid.
Cold—bend test apparatus.




Partie circulaire
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F1G. 8. — Conducteur sectoral.
Sector-shaped core.

Support
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F1G. 9. — Appareil pour I’essai de pressidn a haute température.
Apparatus for pressure test at high temperature.




—53 —

Eprouvette Bande étroite
Test piece Narrow strip

T

Empreinte
Indentation

Fi1G. 10. — Bande étroite pour la mesure de 'empreinte.
Narrow strip for measurement of indentation.

Empreinte
Indentation

T

. ‘ . |
Réticule du microscope

Cross-wire of the microscope

FIG. 11. — Image dans le microscope de mesure.
Picture in measuring microscope.
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F1G. 12. — Enveloppe isolante coupée en deux.
. Halved insulation.




