INTERNATIONAL IEC
STANDARD 60189-1

Third edition
2007-05

Low-frequency cables and
with PVC insulation and-F

Reference number
IEC 60189-1:2007(E)



https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2007 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

3, rue de Varembé
CH-1211-Geneva-20
Switzerland

Email: igmail@iec.ch

Web: www.iec.ch /\ “

About the IEC

The Interpational Electrotechnical Commission (IEC) is the leading glob
International Standards for all electrical, electronic and related technologie

repa and|publishes

About IEC publications

The technjcal content of IEC publications is kept under constant r . I have the
latest editfon, a corrigenda or an amendment might have been

= Catalogpe of IEC publications: www.wc.ch/seaéf%ub
The IEC on-line Catalogue enables you to searc
It also givés information on projects, withdrawn an

mittee,...).

= |EC Jus}t Published: www.iec.ch/online_news/justpu
Stay up td date on all new IEC publications. Just
on-line anf also by email.

Available

= Custompr Service Centre: www.iec.sh/wébsto

If you wish to give us your feedback oNhis publi
Centre F or contact us:

Email: csdq@iec.ch

Tel.: +41 22 919 02 1

Fax: +41 22 919 03

Ry

rther assistance, please visit the Customgr Service



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

INTERNATIONAL IEC
STANDARD 60189-1

Third edition
2007-05

Part 1:
General test and

3

Commission Electrotechnique Internationale PRICE CODE Q
International Electrotechnical Commission
MexpayHapoaHas OnektpoTexHuyeckas Komuceuns For price, see current catalogue



https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

-2- 60189-1 © IEC:2007(E)

CONTENTS
O L L @ 1 I PP 4
LS T o1 o o 1= T PP 6
P (o] 4 ¢ F= Y YN = £ =Y g Lo 6
3 Terms and definitioNs . ... i e 7
4 Standard conditions for tEStiNG . ... 7
LT B 110 T=T o] (o] o K PPN 7
5.1 —Selection-and preparation of samples
5.1.1 Insulation.........coooiiiiiieoA L N EC N
5.1.2 Sheath ...
5.1.3 Finished cable or Wire.........coooiiiiiiiii N N NG N
5.2] Measurement of dimensions ... G NN TN N
5.2.1  Minimum thickness of insulation or sheathx
5.2.2 Mean thickness of insulation or sheath ... x .. N0 XS D e e

5.2.3 Diameter of finished cable or wire
6 Meghanical tests

6.1
6.1.1
6.1.2

6.2| Measurement of

6.2.1
6.2.2

6.2.3 She
6.3 Tensil
6.3.1 Cordin

6.4

B34 .2 ) NeStTIEINOd ..o,

7  Thermal stakility and climatic tests ...
7.1 GXCCelerated ageing......c.ivuiiiii e e 13
7.2 —Pressure testat gl tEemperature e 13
7.3 Resistance to flame propagation ... 13
T30 GENEIAI e e 13
7.3, 2 Wi S i e e e e e 14
A TR T - o] 1= T P 14
7.4  Cold bend 1St . e s 14
T4 GENEIAI e 14
T.A4.2  INSUIATION. .. e e 14
T.4.3  Sheath. . 14
7.5  Heat shoCK teSt .. o 14
.51  GENEIAl e 14
T7.5.2  INSUIATION. .. e e 14

7.5.3  Sheath...... 14


https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

60189-1 © IEC:2007(E) -3-

7.6 Measurement of insulation shrinkage after overheating of conductor..................... 15
7.7 Combined shrinkage and heat shock test .............cooiiiiiiiiii 15
7.8 Solder test on tinned CONAUCIONS .....oouiiiiiii e 15

8 Electrical tests

8.1 Electrical resistance of conductors

8.2 Dielectric strength
8.2.1 General
8.2, 2 Wil S e i e
8.2.3  CaAbIES i

8.3 Insulation resistance

8.3.1 General

8.3.2 WIS i N T RO

8.3.3 Cables. i

8.4 Mutual capacitance ..........cocoeeiiiiiiiiii

8.5 Capacitance unbalance (conductor to conductor) ......\

Figure 1 — Dumb-bell test piece .......coooviiiiiii i DA
Figure 4 — Small dumb-bell test piece
Figure § — Stripping properties of ins
Figure 4 — Position of the sample in the



https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

-4 - 60189-1 © IEC:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-FREQUENCY CABLES AND WIRES
WITH PVC INSULATION AND PVC SHEATH -

Part 1: General test and measuring methods

2007(E)

FOREWORD

1) The Irjternational Electrotechnical Commission (IEC) is a worldwide organization for standar pmprising
all ndtional promote
interngtional co-operation on all questions concerning standardization in the ele fields. To
this epd and in addition to other activities, ifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; a nterested
in th and non-
goverpmental organizations liaising with the IEC also participate in bs closely
with the International Organization for Standardization (ISO) in gccordance Yith’ condjtions deterfmined by
agreefnent between the two organizations

2) The fdrmal decisions or agreements of IEC on technical matt ernational
consehsus of opinion on the relevant subjects since eac from all
interested IEC National Committees.

3) IEC National
Com nt of IEC
Publi r for any
misinterpretation by any end user.

4) In order to promote international uniformify, IEC_NationaNCommittees undertake to apply IEC Pdblications
transpgarently to the maximum extent possible i vergence
between any IEC Publicatiop/and the indicated in
the lafter.

5) IEC e for any
equipment declared to be

6) All usgrs should

7) No liapility shall attac . dires mployees, servants or agents including individual experts and
mem \ \ ational Committees for any personal injury, property damage or
other [damage of /4n whether direct or indirect, or for costs (including legal fees) and
expen he. publi t|on use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publig

8) Attent references C|ted |n this publication. Use of the referenced publications is
indispgr

9) Attent ssibility that some of the elements of this IEC Publication may be the pubject of
paten IEC haN note held responsible for identifying any or all such patent rights.

Internatjopal-Standard IEC 60189-1 has been prepared by subcommittee 46C: Wires and

symmetfic.cables, of IEC technical committee 46: Cables, wires, waveguides, r.f. conhectors,

r.f. and microwave passive components and accessories.

This third edition cancels and replaces the second edition published in 1986, amendment 1
(1988), amendment 2 (1989) and amendment 3 (1992). This edition constitutes a technical
revision.

This edi

tion is a significant revision of general tests and measuring methods.

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

FDIS Report on voting
46C/820/FDIS 46C/828/RVD
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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.

The list of all the parts of the IEC 60189 series, under the general title Low-frequency cables
and wires with PVC insulation and PVC sheath, can be found on the IEC website.

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

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
*+ amephded.

A bilingtial version of this publication may be issued at a |

@%
8
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LOW-FREQUENCY CABLES AND WIRES
WITH PVC INSULATION AND PVC SHEATH -

Part 1: General test and measuring methods

1 Scope

2007(E)

This part of IEC 60189 specifies mechanical, electrical and climatic test methods for low-

frequengy cables and wires designed for use in telecommunication inside

and in

NOTE T

2 Noi

The foll

For datgd references, only the edition cited applies. F

of the reg

IEC 600

IEC 600

IEC 603
Part 1:

IEC 603
Part 2:

IEC 608
cables
thickneq

IEC 608

cables +

IEC 608
and opf
Water a

lantand eq

lectronic devices employing similar techniques.

ferenced document ( including any amend

32-2 (all parts
fest for

1. Methods for general application — Measure
s — Tests for determining the mechanical properties

3y'Common test methods for insulating and sheathing materials of]

uipment

nd wire.

cument.
[ edition

itions —

itions —

electric
ment of

electric
ds

electric

jcal’cables — Part 1-3: General application — Methods for determining the d

ensity —

bsorption tests — Shrinkage test

IEC 60811-1-4:1985, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section Four: Test at low temperature

IEC 60811-3-1:1985, Common test methods for insulating and sheathing materials of electric
cables — Part 3: Methods specific to PVC compounds — Section One: Pressure test at high
temperature — Tests for resistance to cracking

IEC 60885-1:1987, Electrical test methods for electric cables — Part 1: Electrical tests for

cables,

cords and wires for voltages up to and including 450/750 V

ISO 6892:1998, Metallic materials — Tensile testing at ambient temperature
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
conductor
part of the cable or wire intended to carry electric current. The conductor may be

a) solid — made of a single strand of circular cross-section;

b) stranded - made of several strands of circular cross-section assembled either by laying
up concentrically or by bunching, and without insulation between them.

The properties of the copper are in accordance with IEC 60028

3.2
low-frequency wire
insulated conductor or assembly of several insulated conduct i together anfd which
may be |provided with a screen. The wire may be

a) singlg — consists of a single insulated conductor;
b) multiple — consists of several insulated cond

&

NOTE The following designations are used:

pair — for multiple wire with two conduc{ors;
triple — for multiple wire with three conductors
quad — for multiple wire with four conduciors;

quintuple| — for multiple wire With fi

3.3

low-frequency cakle
assembly of ins @

Unless cified in

IEC 6006

Unless

When sgveral test results have been obtained and ordered in an increasing or deg¢reasing
succession, the median value is the middle value if the number of available values is odd, and
is the mean of the two middle values if the number is even.

5 Dimensions

51 Selection and preparation of samples
511 Insulation

Samples of insulated conductors, approximately 100 mm in length, shall be taken at both
ends of the cable or wire.

One sample shall be taken at each end. Any covering(s) shall be removed from the insulation
and the conductor withdrawn, care being taken not to damage the insulation. Each test piece
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shall consist of a thin slice of insulation. The slice shall be cut with a suitable device along a

plane perpendicular to the longitudinal axis of the conductor.

5.1.2 Sheath

Samples, approximately 100 mm in length, shall be taken from the finished cable at both

ends.

One sample shall be taken at each end. The insulated conductors binding tapes and
screening, if any, shall then be removed from the sheath, and each test piece shall be
prepared by cutting with a suitable device a thin slice along a plane perpendicular to the axis

of the cable. If necessary the planes of the cuts shall be carefully smoothed.

If a marking is stamped into the sheath, thus giving rise to a local reductio
test pieg¢e shall be taken so as to include such marking. The test pi
a reduction of thickness if it is made by the rip cord.

51.3 Finished cable or wire

Samples of finished cable or wire, approximately 100 mm
ends. One sample shall be taken at each end.

5.2 Measurement of dimensions

5.2.1 Minimum thickness of insulatiorno
5.21.1 Insulation

Both samples (one at eac
measuring equipment witk the

Each tept piece shall be

The readings sh
insulatid
insulatid

NOTE A

5.2.1.2

Both sa .
measuring equipment with the plane of the cut perpendicular to the optical axis.

ess, the
de such

at both

hder the

11-1-1.

ness of

nis 0,5 aboy hree estimated decimal places, if the thickness of

nder the

Each test piece shall be measured with equipment in accordance with 8.1.2 of IEC 60811-1-1.

A micrometer applying a pressure of between 50 kPa and 80 kPa can also be used for

measurement of samples of the sheath.
The readings shall be made in millimetres to two decimal places.

The minimum thickness shall be found and measured.

NOTE Alternative test methods may be used, provided that they give equivalent results.
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5.2.2 Mean thickness of insulation or sheath

Each test piece shall be placed under the measuring equipment with the plane of the cut
perpendicular to the optical axis.

Six measurements shall be made radially, as far as possible equally spaced around the
circumference.

When the insulation is taken from a stranded conductor, six measurements shall be made
radially in the positions where the insulation is thinnest, i.e. between the ridges caused by
strands.

In all calses, the first measurement shall be made at the place where the ifisulation is, thinnest.

ness of
ess of

The red
insulatid
insulatid

In the ¢ shall be

calculat

5.2.3

Both sa

Measuré¢ments shall be made

IEC 60811-1-1.

the method specified in §.3.2 of

6.1.1

Solid cq ccted to the tensile tests. Samples of convenient length
shall be

6.1.2
6.1.2.1

These
materia
accelerated ageing treatment.

si{sdre to determine the tensile strength and elongation at break of the insulating
3 " . . ) irad. after

When the ageing treatment is to be carried out on prepared test pieces of the insulation (in
accordance with 7.1), the test pieces for treatment shall be taken from positions adjacent to
the test pieces used for the test without ageing and the tensile tests on the aged and unaged
test piece shall be made in immediate succession.

6.1.2.2 Sampling

A sample of the insulated conductor shall be taken to provide a minimum of five test pieces
each for the tensile tests without ageing and the tensile tests after each of the required ageing
treatments. Any sample that shows signs of mechanical damage shall not be used for the
tests.
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6.1.2.3 Preparation of test pieces

The samples of insulatin shall be cut into pieces approximately 100 mm long and the
conductor and any outer coverings removed, care being taken not to damage the insulation.
The tubes shall be marked to identify the sample from which they were prepared and their
relative positions in the sample.

The central 20 mm shall be marked by two lines immediately before the tensile test.

6.1.3 Sheath

6.1.3.1 General

These Jests are to determine the tensile strength and elongation-at-brgak of ‘the” sheathing
material of the cable in the condition as manufactured and, when reqdire or more
accelerated ageing treatment(s).

When the ageing treatment is to be carried out on prepared ce with
7.1), the test pieces for treatment shall be taken from pogiti : pieces
used for the test without ageing, and the tensile tests on the_treated a pieces
shall belmade in immediate succession.

6.1.3.2 Sampling

A sample of the cable to be tested, oKof the ¢ hv'the cable, shall be faken of
sufficient size to provide a minimum of fiye test\piect sile tests without agging and
the required number of test pieces for e sile tests after ageing specified for the
sheathing material in the relevant cabl NARy sample that shows signs of meghanical
damage shall not be used far tests.

6.1.3.3 Preparatiomnof te

Test pigces shallbe p
whenevgr possi
Each sgmple of

marked [to identify\th
in the ofiginat’shea

ples of sheath, dumb-bell test pieces beihg used

nto pieces of sufficient size for the test and the pieces
vhich they are cut and their position relative to eagh other

The pie een the
marker |li

cutting,

A dumbt
piece of sheath or if possible two dumb-bell test pieces shall be punched side by side.
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Marker lines
~—— 20 —»

4 r=85 .
'

r=125 125

‘<7

!

Lo J——— 12,55

75

IEC 591/07

Dimensions in millimetres

Figure 1 — Dumb-bell test piece
When the diameter of the core is too small to allow the dumb-bell i igure 1
to be uded, then a smaller dumb-bell test piece in accordance unched
from eagh prepared piece of sheath.
Marker lines
*y
tﬁ
IEC 592/07
Dimensiops in millimetres
Q dumb-bell test piece

The cern 1 h-bells, or 10 mm for the smaller dumb-bells, ghall be
marked iR Y test piege, as shown in Figures 1 and 2, immediately beffore the
tensile tests. Tu ieces shdll be used only when the sheath is of such small gize that
it is not < b-bell test pieces. The tubular test pieces shall be prepared
from sa i game way as specified for insulation in 6.1.2.3.
6.2 Measurem oss-sectional area for tensile test
6.2.1 General

The cross-sectional area of the samples shall be determined by one or other of the methods
described below.

In the case of the samples to be subjected to accelerated ageing, the dimensions used for the
calculation of cross-sectional area shall be measured before ageing.

6.2.2 Insulation

The cross-sectional area of tubular test pieces shall be determined in accordance with the
method specified in Item b) of 9.1.4 of IEC 60811-1-1.

6.2.3 Sheath

The cross-sectional area of each test piece shall be determined in accordance with the
method specified in 9.2.4 of IEC 60811-1-1.
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6.3 Tensile test

6.3.1 Conditioning of test pieces

Before the tensile test, all test pieces aged and unaged, shall be kept for at least 3 h at a
temperature of 23 °C + 5 °C, except for insulation and sheath which shall be kept at 23 °C +
2 °C.

6.3.2 Tensile testing procedure

a) Conductor

The tensile testing of solid conductors shall be carried out in accordance with the method
spedified 1n ISU 6892 and ihe rate of separation of Jaws shall be 100 /20 min.

b) Insu]ation and sheath

The [test shall be made in accordance with the method specified 11-1-1.

6.3.3 Expression of results

The valtie of the breaking load and the elongation at break
with 9.1{8 of IEC 60811-1-1.

ed in accprdance

6.4  Stripping properties of insulation

6.4.1 General

The object of this test is to determine the~exte
from theg conductor.

h the insulation can be easily ptripped

Therefo
taken af

shall be

6.4.2

Over a length AB of< / cleanly
cut and

TEC 593/07

Dimensions in millimetres
Figure 3 — Stripping properties of insulation
The insulation shall be cleanly cut at right angles to its longitudinal axis.

The sample shall then be cut at D and the insulation at C, about 85 mm and 75 mm
respectively from the stripped end in the case of solid conductors, or at about 55 mm and
45 mm respectively from the stripped end in the case of stranded conductors. This leaves a
length of 50 mm of undisturbed insulation in the case of solid conductors and of 20 mm in the
case of stranded conductors. The insulation between C and D shall be stripped from the
conductor, care being taken neither to displace the remaining part of the insulation nor to
damage the conductor.
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Cutting the sample at D shall be carried out preferably by means of normal cutting pliers

suitably

sharpened so as to avoid any burring of the metal at the cut point.

The sample is then placed in the test apparatus similar to that shown in Figure 4.

111,,,,"
22,
o

ey %z
% P & & - — /W

SHHN

Dimensio

25— - 50—

hs in millimetres

Figure 4 — Position of the sample,i

SC 594/07

The me iameter
of the cpnductor.

The forice necessary to ghall be
measure¢d, the force being he shall
be betw| i

7 The

71 Acceleratedhd

The obj so that
they are

The acd cified in
8.1.2 an x 24 h.

NOTE F

br. routine tests, a higher number of air changes than in the specified method is permitted.

7.2 P

ressure test at high temperature

The object of this test is to determine the extent to which the cable sheath can withstand
deformation when the cable subjected to moderately high temperatures undergoes

mechan

ical pressure.

The pressure test shall be carried out in accordance with the method specified in 8.2 of
IEC 60811-3-1 at a temperature of 80 °C.

7.3 Resistance to flame propagation

7.3.1

General

The object of this test is to determine the resistance to flame propagation of a cable or wire.


https://iecnorm.com/api/?name=dab9f6e6108a6044e0d4d8e79085ece0

7.3.2

- 14 - 60189-1 © IEC:

Wires

The test shall be carried out in accordance with the method specified in IEC 60332-1.

7.3.3

Cables

The test shall be carried out in accordance with the method specified in IEC 60332-1.

7.4 Cold bend test

2007(E)

7.41 General

The obj act of this test is to determine the extent to which the cable or \A/irgrm.ay he used after
exposure to low temperature.

7.4.2 Insulation

Each wire to be tested shall be represented by two sampleg’o - taken from
places geparated by at least 1 m.

The cold bend test shall be carried out in accordane h 8.1 of
IEC 60811-1-4.

7.4.3

Each sheath to be tested shall be rep

length t

The col

IEC 60811-1-4.

The tes

temperatyre s
7.5 Heat shoc::te

Sheath

bken from places separated by 2

evant specification.

suitable

h 8.2 of

7.5.1

The obj i [ ctermine the extent to which the insulation or the| sheath
withstarn i !

7.5.2

The hedt sheck test¥or insulation shall be carried out in accordance with the method specified
in 9.1 of IEC 60811-3-1, except that each sample shall be wound helically for three complete

contiguous turns around a mandrel of diameter having a value, rounded off to the nearest

whole d

7.5.3

iameter, of three times the mean overall diameter of the insulated conductor.

Sheath

The heat shock test for sheaths shall be carried out in accordance with the method specified
in 9.2 of IEC 60811-3-1, except that each sample shall be a strip 4 mm wide cut from the
sheath in the direction of the axis of the cable. The samples shall be wound helically for six
complete contiguous turns round a mandrel of diameter as specified in Table 1.

Table 1 — Mandrel diameter according to mean thickness of sheath

Mean thickness of sheath Mandrel diameter
mm mm
Up to and including 1 5

21 10
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