IEC TR 62959

Edition 1.0 2021-02

TECHNICAL
REPORT

colour
inside
Optical fibre cables — Shrinkage effects on cable and cable element end
termination — Guidance
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 33.180.10 ISBN 978-2-8322-9434-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 62959:2021 © |IEC 2021

CONTENTS

O T T 1 I PP 7
LN I 2 1 1 L O 1 PN 9
1 ST e o] o 1T PO PP 10
2 NOIMAtiVE FEFEIENCES .. oeieiiei e 10
3 Terms and definitioNs ... 10
4 Abbreviated termMS .. 11
5  Characteristics of optical fibre cables ... 11
5.1 GBNEIAl . e e 11
5.2 Cable Materials. ... 11
5.2.1 Plastic materials ... 11
5.2.2 Reversible thermal expansion and contraction ... 11
5.2.3 Irreversible thermal contraction (shrinkage) .........ccoooviiiiiiiiiii e, 12
5.2.4 Forces between cable elements caused by thermal changes ......................... 13

5.3 CablE O SIgN et 13
5.4 BasSiC Cable fY P S i e 14
5.5 Cable PerformanCe ... ..o 15
5.5.1 GBNEIAL L. s 15
5.5.2 Optical performance during temperature changes...........ccoccoiiiiiiiiiniine, 15
5.5.3 Cable shrinkage characteristiC..........coouiiiiiiiiii i 16
5.5.4 Cable shrinkage during connector termination process ...........cccoeeevveiniennennnn. 16

6 Test methods for cable Shrinkage ... ..o 17
6.1 BN Al e e 17
6.2 Conditions before shrinkage testing ..o 17
6.3 Test Method F A e 17
6.4 Test MEthOd F A7 .o e 18

7  Conclusions of the cable shrinkage study ..........coooiiiiiiii e, 19
7.1 LT a1 = PP 19
7.2 Conclusion for simplex Cables........ccoiiiiiii 19
7.3 Conclusion for loose tube cables ... 20

8 Termination cases of optical fibre cables ..o 20
8.1 BN Al e 20
8.2 Different termination CaS@s ......cc.iiiiiiii 20

9 Recommended tests for evaluation of shrinkage effects.............cooiiii . 21
9.1 LCT=Y o L=Y - | PPN 21
9.2 Limitation of tests for determination of shrinkage effects..............ccoooiinn. 22
9.3 Cables terminated with CONNECIOrs.........oiiiiiii e 22
9.3.1 Performance indicator tests ..o 22
9.3.2 Cable SHINKAGE .. ..ot 22
9.3.3 Cable thermal expansion and contraction ..............cooo i 22
9.3.4 Cable element fOrCeS . ... 22

9.4 Cables terminated with hardened connNectors...........coooiiiiiiiiiiiii e 22
9.4.1 Performance indicator tests ..o 22
9.4.2 Cable shrinkage (fibre protrusion)...........ccouiiiiiiiiiii e 23

9.5 Cables fixed into a module and fibres terminated with connectors......................... 23
9.5.1 Performance indicator teStS ........oiiiiiii 23

9.5.2 Cable shrinkage (fibre protrusion)...... ..o, 23



IEC TR 62959:2021 © |IEC 2021 -3-

9.6 Cables fixed into a divider and fan-out cables terminated with connectors ............ 23
9.6.1 Performance indicator tests ..o 23
9.6.2 GBNEIAl e 24
9.6.3 Shrinkage (fibre protruSion) ........ccoiiiiiiii e 24
9.6.4 Shrinkage of fan-out cable ... 24

9.7 Cables fixed into a protective housing and terminated with splices........................ 25
9.7.1 Performance indicator tests ..o 25
9.7.2 Cable shrinkage (fibre protrusion)...........ccouiiiiiiiiiii e 25
9.7.3 Sheath shrinKage........oooiii e 25

9.8 Cables fixed into a protective housing and terminated with connectors ................. 25
9.8.1 Performance indicator teStS ........oouuiiiii 25
9.8.2 Cable ShriNKage . .. .ou e 25

10 Recommended test parameters for shrinkage testing and shrinkage grades .................. 26

0.1 GBNEBIAL e e 26

10.2 Recommended test parameters for shrinkage testing............ccocooviiiiiiiiiie. 26

10.3 Shrinkage grades for Method FATA ... o 27

10.4 Recommended shrinkage limit for Method F11B........cccooiiiiiiiii e, 27

10.5 Fibre protrusion grades for Method F17 ........cooiiiiiiii e 27

Annex A (informative) Test results of the cable shrinkage study...........c..oooin. 29

A1 BN Al e 29

A.2 Shrinkage test results of simplex cables ... 29
A.2.1 Simplex cable types for shrinkage tests ..........ccooiiiiiiiiiiiiiii e, 29
A.2.2 Shrinkage test with different aging methods and duration ......................... 29
A.2.3 Shrinkage test with various numbers of temperature cycles ..................ooeen.. 33
A24 Shrinkage test with different sample lengths ... 34
A.2.5 Shrinkage test versus optical performance of two different simplex

CAD S e 34
A.2.6 Shrinkage test versus optical performance of different versions of a

SIMPIEX CADIE ... 36
A.2.7 Change in length during and after climatic exposure ..............c.ccociiiiiiinie. 36

A.3 Shrinkage test results for loose tube cables ..o 37
A.3.1 Loose tube cable types for shrinkage tests ... 37
A.3.2 Shrinkage test (method F11 modified) of four loose tube cable types............. 37
A.3.3 Shrinkage test (method F17) of four loose tube cable types........cc.ccooeeiiinnn. 39
A3.4 Shrinkage test of nine unitube cable types.........cooooi 43

Annex B (informative) Test method for change in length during climatic exposure................ 45

B.1 BN Al e e 45

B.2 CablEe SAMPIES ..o 45

B.3 Apparatus for determination of the change in length ..., 45

B.4 Procedure for determination of the change inlength ...............coooiin 46

B.5 Test results for the change inlength ... 46

B.6 Procedure for determination of the change in attenuation...............................l 47

B.7 Test results for the change in attenuation ..., 47

B.8 Comparison of change in length with change in attenuation ................................ 50

B.9 1070 o o U1 To T o [P 51

Annex C (informative) Shrinkage testing template...........coooi 52

Annex D (informative) Recommended tests for performance evaluation of cables to
be terminated With CONNECIOrS ... ... 53

D.1 (7= Y=Y = | 53



-4 - IEC TR 62959:2021 © |IEC 2021

D.2 Connector types and deSigN......ccuiiuiiiiiiii e 53
D.3 Simplex and duplex cable types ... .o 55
D.4 Termination of a cable to @ coNNECtOr ... 56
D.5 Overview of recommended cable testS ........coiiiiiiiiiiii 57
D.6 Main performance of a terminated cable ... 57
D.7 Guidance for change of temperature test methods .............ooooiiiiiiii 58
Annex E (informative) Recommended tests for performance evaluation of cables to be
terminated with hardened CONNECIOrS. ... ..o e 59
E.1 LT a1 = PP 59
E.2 Connector types and deSigN ... ... 59
E.3 Cable types for hardened CONNECIOrS .......vviiii e 59
E.4 Termination of a cable to a hardened connNector...........coooiiiiiiiiii i 59
E.5 Overview of recommended cable tests ... ..o 60
E.6 Environmental performance of a terminated cable................cooiiiiiii i 60
Annex F (informative) Recommended tests for performance evaluation of cables fixed
into a module and fibres terminated with connectors ... 61
F.1 LT a1 = PP 61
F.2 Connector types and deSigN ... .. 61
F.3 LOF=1 o1 1-T0 44 o =T PN 61
F.4 Termination of a cable to @a module ... 61
F.5 Overview of recommended cable testS ........coiiiiiiiiiii 62
F.6 Main performance of a terminated cable ... 62
Annex G (informative) Recommended tests for performance evaluation of cables fixed
into a divider and fan-out cables terminated with connectors.............coo 63
GA1 L= o= ¥ S 63
G.2 Connector types and deSigN ... .. 63
G.3 LOF=1 o1 1-T0 44 o =T PN 63
G.3.1 A S it 63
G.3.2 Fan-0Ut Cables . ... e 63
G4 Termination of a cable into a divider and at fan-out cables............................... 64
G.5 Overview of recommended cable testS........coiiiiiiiiiiii 64
G.5.1 Recommended test for cable assembly..........ccooiiiiiiiiii 64
G.5.2 Recommended tests for cables ... 64
G.5.3 Recommended tests for fan-out cables ... 65
Annex H (informative) Recommended tests for performance evaluation of cables fixed
into a protective housing and terminated with splices............cooi i 66
H.1 LT a1 = PP 66
H.2 Types of protective hOUSINGS. ... oo 66
H.3 LOF=1 o1 1-T0 44 o =T PN 67
H.4 Termination of a cable in a protective houSINg ..o 67
H.5 Overview of recommended cable tests ... 67
H.6 Main performance of a terminated cable ... 68
Annex | (informative) Recommended tests for performance evaluation of cables fixed
into a protective housing and terminated with connectors ... 69
1.1 LT a1 = PP 69
1.2 Types of protective hOUSINGS......oouii e 69
1.3 LOF=1 o1 1-T0 44 o =T PN 69
1.4 Termination of a cable into a protective housing ..........coooiiiiiiii 69
1.5 Overview of recommended cable testS ........ooiiiiiiiiii 70



IEC TR 62959:2021 © |IEC 2021 -5-

1.6 Main performance of a terminated cable ..o 70
Annex J (informative) Recommended test parameters for change of temperature
LESE] 4o Ve PPN 71
J.1 Test methods and SEVErItIes ... 71
J.2 Additional recommendations for the change of temperature test ........................... 72
Annex K (informative) Cross-references of cable test methods ............coooiiiiiii . 73
BB O G AP Y . e 74

Figure 1 — Qualitative example of force during decreasing temperature of two polymer

=Y (oY T - PP 13
Figure 2 — Cable sample for shrinkage testing according to Method F11............ccocoiiii, 18
Figure 3 — Cable sample for fibre protrusion testing according to Method F17....................... 19
Figure A.1 — Sheath shrinkage in mm of cable type 1 with different temperatures ................. 31
Figure A.2 — Sheath shrinkage in mm of cable type 2 with different temperatures ................. 32
Figure A.3 — Sheath shrinkage in mm of cable type 3 with different temperatures ................. 33
Figure A.4 — Sheath shrinkage at different number of cycles..........c..coi 34
Figure A.5 — Change in attenuation during temperature cycling.........c..ccoooviiiiiiiiiiiiine, 35
Figure A.6 — Change in attenuation versus sheath shrinkage ...................coooiiii . 36
Figure A.7 — Preparation of sample and measured lengths ... 38
Figure A.8 — Shrinkage of sheath and loose tube after different number of cycles................. 39
Figure A.9 — Preparation of sample and measured or calculated protrusion lengths .............. 40
Figure A.10 — Protrusion length of cable type 1., 41
Figure A.11 — Protrusion length of cable type 2. 41
Figure A.12 — Protrusion length of cable type 3. ... 42
Figure A.13 — Protrusion length of cable type 4., 42
Figure A.14 — Change of fibre protrusion............ccooiiiii e, 44
Figure B.1 — Apparatus for holding cable samples ... 45
Figure B.2 — Temperature cycle with measurement points .........c..ccoiiiiiiiiii 46
Figure B.3 — Cable sheath length measurement results ...........ccocoiiiiiii i, 47
Figure B.4 — Change in attenuation of orange cable samples at 1310 nm .................coceeils 48
Figure B.5 — Change in attenuation of orange cable samples at 1 550 nm .................cooc. 48
Figure B.6 — Change in attenuation of orange cable samples at 1 625 nm .................cooen. 49
Figure B.7 — Change in attenuation of yellow cable samples at 1 310 nm................cooeiiniis 49
Figure B.8 — Change in attenuation of yellow cable samples at 1 550 nm................coeiininis 50
Figure B.9 — Change in attenuation of yellow cable samples at 1 625 nm..............coooeiin. 50
Figure D.1 — Cable terminated with connector plug ........c.cooouiiiii i 53
Figure D.2 — LC CONNECIOr VAIiANTS ... ..ot e 53
Figure D.3 — Simplex cable terminated at LC simplex connector ..............coooviiiiiiiiiiiiinennns 54
Figure D.4 — Fibre movement in spring-loaded connectors............ccooviiiiiiiiiiii i, 55
Figure D.5 — Simplex Cable type .. ... 55
Figure D.6 — DUpleX Cable tYPes ..o e 56
Figure D.7 — Test arrangement for method F12........cooiiiiii e, 58
Figure E.1 — Cable terminated with hardened connector ..o 59

Figure F.1 — Cable fixed into a module and terminated with connectors ................................ 61



-6 - IEC TR 62959:2021 © |IEC 2021

Figure G.1 — Cable fixed into a divider and fan-out cables terminated with connectors.......... 63
Figure H.1 — Cable fixed into a protective housing and terminated with splices ..................... 66
Figure I1.1 — Cable fixed into a protective housing and terminated with connectors ................ 69
Figure J.1 — Change of temperature test configuration................cocoiiiii i, 72
Table 1 — Linear coefficients of thermal expansion of materials (informative)........................ 12
Table 2 — Typical characteristics of indoor and outdoor cables...............cooiiiiiiii. 15
Table 3 — Overview of different termination Cases .........coooviiiiiiiiii e 21
Table 4 — Temperature cycling severities for shrinkage testing for Methods F11A and
PPN 27
Table 5 — Recommended sheath shrinkage grades ... 27
Table 6 — Recommended change of fibre protrusion AL grades............cccccceeiiiiiiiin. 28
Table 7 — Recommended change of fibre protrusion ALy grades.......................l 28
Table A.1 — Overview of shrinkage results ... 34
Table A.2 — Overview of simplex resUlts. ... ... e 35
Table A.3 — Details of loose tube cable types.......ccouiiiiiiii i 37
Table A.4 — Details of unitube cable types ..o 43
Table B.1 — Comparison of change in length with change in attenuation ............................... 51
Table C.1 — Shrinkage testing template....... ..o 52
Table D.1 — Recommended tests for cables to be terminated with connectors....................... 57
Table E.1 — Recommended tests for cables to be terminated with hardened

LoTo] T a1 =T o3 o] = PP 60
Table F.1 — Recommended tests for cables fixed into module and terminated with

LoTo] o Y=Y 3 o = PR 62
Table G.1 — Recommended tests for cable assembly ..., 64
Table G.2 — Recommended tests for cables fixed into dividers............cooiiiiiiiiiicinnn e, 64
Table G.3 — Recommended tests for fan-out cables ..., 65
Table H.1 — Recommended tests for cables fixed at protective housing and terminated

LT TS o e =Y 3 67
Table I.1 — Recommended tests for cables fixed into a protective housing and

terminated With CONNECTOIS ... e 70
Table J.1 — Severities for change of temperature testing...........ccocooiiiiiiiii i, 71
Table K.1 — Cross reference table of mechanical test methods ..., 73

Table K.2 — Cross reference table of environmental test methods ..., 73



IEC TR 62959:2021 © |IEC 2021 -7-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRE CABLES -
SHRINKAGE EFFECTS ON CABLE AND CABLE
ELEMENT END TERMINATION - GUIDANCE

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a Technical Report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62959, which is a Technical Report, has been prepared by subcommittee 86A: Fibres
and cables, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86A/2032/DTR 86A/2058/RVDTR

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Cable shrinkage is sometimes used as a part of the performance criteria for optical fibre cables,
including standard glass optical fibres for telecommunication application. However, there is only
a partial correlation between shrinkage and other important cable parameters such as
temperature performance and optical transmission characteristics, particularly during
mechanical and environmental stress, since shrinkage strongly depends on the cable materials,
the cable construction and the manufacturing processes.

The environmental performance of optical fibre cables is mainly determined using a suitable
temperature cycling test while continuously measuring the change in attenuation during and
after the test. Low shrinkage performance is not guaranteed by such a test method, so any
cable shrinkage observed during and/or after the temperature cycle test can be used as an
additional indicator for the characterisation of cables.

Cable shrinkage should be understood to include shrinkage of the entire cable, shrinkage of
cable sub-assemblies such as units, and shrinkage of cable elements. It should also be
understood that shrinkage of portions of the cable might be expressed as "growth" of other
elements, such as fibres, strength members. Specific issues of cable shrinkage — buffer
shrinkage, strength member growth, sheath shrinkage, etc. — should be carefully addressed
when applying the principles of this document.

A combination of the passive component design (connectors, passive components, protective
housings or cable management components) and cable shrinkage influences the
cable/component performance. Excessive shrinkage at the cable/device interface can cause
extra process steps and/or extra precautions to be taken at the interface and can cause
degradation of the interface in service, for example the failure of strain relief effectiveness at a
connector as the sheath shrinks back in use compromising the continuously optimal optical
transmission parameters. Component manufacturers use a number of compensations for cable
shrinkage in the design or assembly process of their components and will often select cables
used in finished components for their low shrinkage performance. On the other hand, shrinkage
can be compensated by installation technique.

To cover all relevant aspects of cables to be terminated, the recommended tests for
performance evaluation of cables for different termination cases in addition to the optional tests
for evaluation of shrinkage effects are included in this document.

This study into cable shrinkage was triggered by a CENELEC/TC86 BXA liaison letter sent to
IEC/SC 86A in April 2016. The letter pointed out observed inconsistencies in indoor cable
standards from a user point of view and asked for their concerns and recommendations to be
addressed. The main subject was that jacket shrinkage should be a specified parameter for all
indoor cables that are normally terminated by connectors, passive components or
closures/enclosures.

A correspondence group in IEC/SC 86A/WG 3 was formed in 2016 to address issues about
cable shrinkage. After discussion about relevant issues, cable shrinkage tests were performed,
and the test results were collected and recorded. Annex A shows these test results and
Clause 7 gives the conclusions of the cable shrinkage study. Generally, optical fibre cable types
with a small outer diameter were involved in shrinkage testing. The results of different cable
types from only a few cable manufactures were included, hence the number of cable types was
limited and does not represent all cable types in the worldwide market. Subsequent work was
done on recommendations for performance evaluation of cables to be terminated with
connectors.
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OPTICAL FIBRE CABLES -
SHRINKAGE EFFECTS ON CABLE AND CABLE
ELEMENT END TERMINATION - GUIDANCE

1 Scope

This document, which is a Technical Report, provides information on cable shrinkage
characterisation of optical fibre cables that consist of standard glass optical fibres for
telecommunication application. The characterisation is directed to the effects of cable shrinkage
or cable element shrinkage on the termination of cables. Shrinkage can or cannot be a concern
depending on the method of termination. Examples of different cable termination cases are
included and described. Tests for the evaluation of cable shrinkage are recommended that can
be used as indicators, and shrinkage classification by several grades are given.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60794-1-1, Optical fibre cables — Part 1-1: Generic specification — General


http://www.electropedia.org/
http://www.iso.org/obp



