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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e withdrawn,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 indicateés [that it
contajns colours which are considered to be useful for the correct understanding|of its
contepts. 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—ow-shrinkage—performance—is—hot-guaranteed-bysuch—a—testmethod—so any

cable ghrinkage observed during and/or after the temperature cycle test can be used as an
additiopal indicator for the characterisation of cables.

Cable ghrinkage should be understood to include shrinkage of the entire cable, shrinkage of
cable sub-assemblies such as units, and shrinkage of cable elementsy-it should dilso be
undersfood that shrinkage of portions of the cable might be expressed(as "growth" df other
elemer]ts, such as fibres, strength members. Specific issues of cable shrinkage —| buffer
shrinkgge, strength member growth, sheath shrinkage, etc. — should be carefully addressed
when gpplying the principles of this document.

A comlpination of the passive component design (connectors, passive components, prqtective
housings or cable management components) and.<{cable shrinkage influences the
cable/domponent performance. Excessive shrinkage &t ‘the cable/device interface can| cause
extra process steps and/or extra precautions to be taken at the interface and can| cause
degrad@tion of the interface in service, for example\the failure of strain relief effectivengss at a
connedtor as the sheath shrinks back in use compromising the continuously optimal [optical
transmjssion parameters. Component manufaeturers use a number of compensations fgr cable
shrinkgge in the design or assembly process of their components and will often select|cables
used inl finished components for their low;:shrinkage performance. On the other hand, shfinkage
can be|compensated by installation technique.

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

This study into cable §hrinkage was triggered by a CENELEC/TC86 BXA liaison letter sent to
IEC/S{ 86A in Aprih2016. The letter pointed out observed inconsistencies in indoo[ cable
standafds from a’user point of view and asked for their concerns and recommendationg to be
addresped. Thé main subject was that jacket shrinkage should be a specified parametef for all
indoor | cables® that are normally terminated by connectors, passive components or
closurgs/enelosures.

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 shfinkage
or cable element shrinkage on the termination of cables. Shrinkage can or cannot be & doncern
depending on the method of termination. Examples of different cable termination”cages are
includgd and described. Tests for the evaluation of cable shrinkage are recommended that can
be usef as indicators, and shrinkage classification by several grades are given.

2 Nagrmative references

The follJowing documents are referred to in the text in such a waythat some or all of their ¢ontent
constitpites requirements of this document. For dated references, only the edition cited gpplies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60[F94-1-1, Optical fibre cables — Part 1-1: Gengric specification — General

3 Tefrms and definitions

For thg purposes of this document, the~terms and definitions given in IEC 60794-1-1 and the
following apply.

ISO and IEC maintain terminglogical databases for use in standardization at the following
addrespes:

e |E( Electropedia: available at http://www.electropedia.org/

e |SQ Online browsing platform: available at http://www.iso.org/obp
3.1
shrinkpge

irrevergible.contraction after extrusion of plastic materials caused by heating or over time at
ambiert\{emperature

Note 1 to entry: The irreversible contraction in the direction of the cable axis is usually called "cable shrinkage".

Note 2 to entry: This behaviour is also called "shrinkback".

3.2

thermal contraction

decrease in length of an element or assembly when subjected to a temperature increase or
decrease

3.3

thermal expansion

increase in length of an element or assembly when subjected to a temperature increase or
decrease
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3.4

cable end effect

effect t

Note 1 to entry:

hat occurs at the cable's ends

elements can move at the ends relative to the sheath.

4 Abbreviated terms

End effects can take different forms. For example, during winding/unwinding or over time, the cable

CTE coefficient of thermal expansion

FMC field mountable connector

FMS fibore Tmamagement system

HFFR halogen free flame retardant

LSZH low smoke zero halogen

ODFM optical distribution frame module

5 CHaracteristics of optical fibre cables

5.1 General

For continuously good optical cable performance, the materials, design and manufactdyring of
the cable should be optimised. Subclauses 5.1 to 5.5 give detailed information abou} these
factors

5.2 Cable materials

5.2.1 Plastic materials

Many different plastic materials, primarily* thermoplastics, are optimised for commgrcially
availabjle extrusion processes. Some are specifically promoted as having a low post-exXtrusion
shrinkgge. Nonetheless, all extruded_plastic materials expand and contract reversifjly and
shrink |rreversibly.

It sho:’d be noted that plastic materials used for optical fibre cables have to meet many more
requirgments beyond shrinkage, depending on customer technical requirements anfd local
market| conditions and fegulations. This can include, but is not limited to: free of hazardous
substapces and halogens, high tensile strength, good UV resistance, good weatherihg and
abrasign resistance, high flame retardancy, high thermal stability, good bend behaviour, easy
strippapility of the‘eable sheath and fibre buffer and several other attributes.

5.2.2 Réversible thermal expansion and contraction

Tempetature cha. es-—cause-thermal-expansionorcontractonof-materials—Each-matefial has
a certain linear ff|c:|ent of thermal expansion (CTE). Typical coefficients of ten materials are

listed in Table 1.
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Table 1 — Linear coefficients of thermal expansion of materials (informative)

Material Linear Reference of Typical application in cables
coefficient of data (see
thermal Bibliography)
expansion
x10—6 K—1 a
Aramid ° -5 [1] Strength member for optical fibre cables
Copper +17 [2] Power conductor in power and hybrid cables
E glass © +5,5 [2] Central strength member for optical fibre
cables
Glass (fused cilir‘n) +0 5 [')] ﬁ'r_\fir‘:ll fibre
Polybujylenterephthalate +108 to +144 [3] Tube for fibres in optical fibre cables
(PBT)
Polyethlylene (PE) +100 to +200 [2] Sheath
Polyprgpylene(PP) +58 to +100 [2] Tube for fibres in optical)fibre cables
Polyvinylchloride (PVC) +70 to +210 [4] Sheath
Low-cafbon steel 9 +9,9 [5] Strength memhex for optical fibre cablles
Stainleps steel (18-8) +17 [2] Armour
a8 To 20 °C reference.
b Longitudinal to the fibres.
¢ Sarpe coefficient for glass-reinforced strength member with thermosetting resin coating (glass > 80 % weight).
4 Ferfitic — 410.

Becauge different materials are used within cables, when the temperature changes, th¢ cable
elemer|ts and the sheath expand or contract differentially. If the elements cannot move|freely,
forces |are generated within the cable.\f the fibre is stressed by such forces, then |optical
performance can degrade temporarily_After the temperature reverts to its original valug, cable
elemer]ts return to or close to theirloriginal lengths, unless they have undergone shrinfkage or
are resfrained by internal coupling:-This reversible thermal material dimension change is eldom
independently addressed as a\cable characteristic.

Annex B describes a suitable test method for determination changes in cable sheath |length,
and optionally cable’s elements, on short cable samples during a climatic exposure test.
Information about the.thermal expansion and contraction can be helpful when classifying p cable
and to understand-the higher attenuation observed during climatic tests.

5.2.3 Irreversible thermal contraction (shrinkage)

Irreversible-thermal contraction-is cpnr‘ifir\nlly relevant for extruded plncfir‘ materials in optica|
fibre cables. During the cooling stage of an extrusion process, the polymer orientation is
"frozen". If the extruded material is exposed to a high temperature, or kept for a long time at
room temperature, the frozen-in polymer orientation can relax, and the extruded plastic material
can shrink in direction of the extrusion in an irreversible way [6]!. The amount and speed of
post-extrusion shrinkage can be influenced significantly by the process parameters during
extrusion and by the choice of the base material. Zero or negligible shrinkage can be achievable
in some cases.

T Numbers in square brackets refer to the Bibliography.
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This post-extrusion shrinkage can be reduced by the inclusion of strength members coupled to
the plastic. The more rigid the strength members are and the more tightly the plastic materials
are extruded onto them or otherwise coupled, the more the force caused by shrinkage is
compensated for by the strength members and the more the potential shrinkage is reduced. If
the fibre is stressed by such a force within the cable, then optical performance can degrade
permanently.

5.2.4 Forces between cable elements caused by thermal changes

Thermal changes cause forces between cable elements that are made of different materials
due to different CTEs as well as different shrinkages. Such forces can induce stress on the
optical fibres within the cable. In a general sense, the higher the shrinkage or interactive force,
the mofe Tikely attenuation can be elevaied (See 5.5.2Z). This shrinkage force 1s a good,indicator
for the|stress applied to the fibre, but still it is not the only influencing factor (see 5.5,3)

mechapical analysis (DMA) can be used. A defined material sample is fixedyat two points and
the for¢e between those two points is continuously measured while the temiperature is chianged.
After exposure at high temperature and during lowering of the temperature, a pulling force
betwedn the two points is generated resulting from the shrinkage of<the material. As sjown in
Figure |1, as a qualitative example, the measured forces (f;, f5) of two tested polymer materials

are sighificantly different (by approximately a factor of 5 when‘the temperature is rediiced to
-40 °CJ).

For measurement of the force of a polymer material caused by temperature changes, d:}namic-

o —
e J 2.
(] . S
- Force of material 1 1 409
Temperature (left’sdle) 3
(right scale) o
Q.
S
i
+— 0
Force of material 2
(left scale) 7
— ) — %— -40
Time IEC

Key

Jfy meagured’force of material 1

f; measured force of material 2

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

Another method is described in ISO 14616 [28] for heat-shrinkable films where shrinkage stress
and contraction stress can be determined using a heating hood, a bracket, a force meter and
shrinkage measurement.

5.3 Cable design

As well as the materials used and the extrusion processes, the cable construction itself can
have a marked influence on the shrinkage performance of a cable.
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Excessive shrinkage of cable elements and cable sheath can have severe impact on optical
fibre cables due to compressive forces applied to the fibres, especially in cable designs not
providing a rigid longitudinal reinforcement member. In a cable, the shrinkage of one
element/layer is rarely independent from another. Friction between the different elements plays
a major role and the behaviour of a cable end is different than the middle of the cable.

A buffer, cable element or sheath can be manufactured using pressure extrusion or tube
extrusion. In pressure extrusion, the melted plastic contacts the inner cable elements long
before it reaches the die end. This is done at a high pressure to ensure good adhesion of the
plastic material. Generally, such manufactured plastic layers have low shrinkage after extrusion
but transfer high forces due to a tendency to shrinkage to the underlying cable elements. If
adhesion is not desired or necessary, then tube tooling and tube extrusion are used instead. A
plastic[ayer extruded as a tube has the benefit that the thermal expansion or contraction of the
plasticcauses no, or only limited, forces on the underlying cable elements. Therefore) the cable
design|has a major impact on what level of shrinkage leads to an increased attenuation

The fibe should not be overly stressed by reversible thermal expansion and\eontractiop or by
irrevergible thermal contraction (shrinkage) of cable elements and cable sheath. Enough space
for thelfibre in a cable (e.g. buffer or tube) does not necessarily restriet the stress on the fibre
thoroughly. A tight buffer can typically limit the stress to the fibre effectively and better|than a
loose Quffer (semi-tight). Multi-fibre loose tubes that are often used’in multi-fibre cables gontain
space for the primary coated fibres and jelly or water swellable/materials. These loos¢ tubes
can restrict stress to the fibres to an acceptable level. On the other hand, fibre oveflength
storage room and enough space for fibre bends in, for example, a passive component of splice
cassetfe can limit the stress on the fibre effectively.

5.4 Basic cable types

Table 2 provides typical characteristics of two-baSic cable types, indoor and outdoor, that have
different key design features, different key performance parameters and different applidations.
The tylical characteristics for the two basic cable types in Table 2 are not complete gnd are
not applicable in all cases. As well as thése two basic cable types, indoor-outdoor cablgs exist
for uniyersal or partly restricted indoof and outdoor use — see IEC 60794-6 (all parts) [21].
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Table 2 — Typical characteristics of indoor and outdoor cables

Characteristic Indoor cables Outdoor cables
IEC cable standard series IEC 60794-2 (all parts) [15] IEC 60794-3 (all parts) [18],
IEC 60794-4 (all parts) [19],
IEC 60794-5 (all parts) [20]
Key cable design features
Number of fibres per cable Low High
Cable construction Flexible, non-armoured, easy Stiff, armoured, robust
strippable
Cable outer diameter Small Large
Key performance parameters
Water blocking Not required Required
UV resistance Not required Required
Registance against humidity Not required Required
Othef environmental exposure 2 Not required Not required
Small bend behaviour Required Not required
Reaction to fire Required Not required
Applications
Type of installation Laying into cable containment, Pulling into a duct, direct bpried,
pulling into a duct lashed aerial or blowing
Cable length Short Long
Cable end locations Distribution rack,¢box, outlet Closure, street cabinet, distifibution
rack
Critical termination features Cable element fixing, kink Cable element fixing, storgdge of
protection fibre over-length, sealing
Fibre termination With connector, with splicing With splicing, with hardeped
connector
Network type Building cabling, home and office Core and access network, FTTH,
Cabling, data centre, central office campus cabling
a8 Other environmental exposure means, for example, exposure against various fluids, exposure againsf mould
gropth, exposure from rodents,-birds or insects, exposure to the effects of freezing water (ice), etc.
5.5 Cable performance
5.5.1 General
The vafious product standards according to IEC 60794-2 (all parts) [15], IEC 60794-3 (all parts)
[18], IHC.60794-4 (all parts) [19], IEC 60794-5 (all parts) [20] and IEC 60794-6 (all parfs) [21]

specify the performance requiremenis of opfical fibre cables. These requirementis reference
standardised mechanical and environmental test methods according to the IEC 60794-1-2x (all
parts).

Information about old and new references of cable test methods is given in Annex K.

5.5.2 Optical performance during temperature changes

Generally, the optical performance of manufactured cables is determined by measurement of
the attenuation (dB) or the attenuation coefficient (dB/km) at ambient temperature. Because the
cables are exposed to changes of temperature in real applications, the optical performance
during such changes is an important quality characteristic. A temperature cycling test while
measuring the change in attenuation during and at ambient after the test provides that
information. Each cable type should be tested and specified for a certain temperature range.
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Method F1 according to IEC 60794-1-22 [13] tests the optical performance of a typical long
cable length (e.g. 1 000 m) on a cable drum or in a coil and without termination of the cable
ends. This method tests the optical performance of the cable itself and does not consider
terminated cable ends.

Dedicated methods, for example Method F12 of IEC 60794-1-22 [13], for testing the optical
performance of cords and cables to be terminated with connectors exist, where the cable is
tested as the final product, for example a patch cord (see Annex A), or with cable elements
fixed at the cable ends (see Clause D.7).

Nonetheless, even acceptable attenuation results of these test methods do not guarantee, or
even eyaluate a small sheath shrinkage or a small protrusion of cable elements for any cable
designs$. In some application cases, shrinkage requirements can be necessary to limit exfensive
movement of cable elements (see Clause 9).

5.5.3 Cable shrinkage characteristic

Low cgble shrinkage does not necessarily influence the attenuation performance of a cable
becaude they are not directly linked to each other. Likewise, high cable shrinkage dges not
necessarily cause poor attenuation performance of a cable. For example, a certain shfinkage
of the fable sheath can cause different forces to the inner cabl€ elements depending|on the
Young’s modulus of the sheath material, on the volume of ther material and on thg cable
constryction. As explained in 5.2.4, the resulting force caused-by shrinkage is also an important
indicatpr of the performance of the cable. Additionally,/a correlation of cable shrindage to
attenugtion performance is not possible between different cable types nor between similgr cable
types manufactured by different manufacturers. For_instance, a 5 mm sheath shrinkage on a
single fibre indoor cable can affect performance differently than a 5 mm sheath shrinkpge on
an outfloor loose tube cable. Similarly, manufacturer A’'s @2 mm indoor cable with 5[mm of
shrinkgge can affect performance differently thhan manufacturer B's @2 mm indoor caljle with
the same amount of shrinkage. For this reason, this document stresses the importgnce of
attenuation measurement during change>,of temperature and only recommends thq cable
shrinkgge test as an indicator (example-can be seen in Table D.1).

During|testing of a cable sample dength, the cable elements can move at each cable gnd but
less solin the middle of a cable-length. A longer cable length typically shows a shrinkage value
at the ends that is lower than-one linearly calculated from the shrinkage of a shortef cable
length.| This effect is knowntas "cable end effect".

Beyond attenuation issues, physical shrinkage, or element protrusion (due to shrinkage gr other
factors)) should be“considered in the cable design and termination. Connectors on the|end of
cables |- either indoor or outdoor — can be damaged by shrinkage or protrusion. Termination of
cables|in closures or boxes can suffer loss of integrity or damage to fibres or compongnts by
sheath|shrinkage or strength member protrusion. Tubes or buffers within trays or other fouting
device$ can be affected by kinking due to protrusion. The amount of shrinkage or protrusion

and|n5 atro O O—addie PpOTC cl ooTa—10C O cgerect—andad—evartgatea-

NOTE The level of shrinkage depends on the materials used, the cable construction and the parameters of the
applied extrusion process as described in 5.2 and 5.3. The materials, the cable construction as well as the extrusion
processes have to be defined and can be optimised for a number of attributes, including shrinkage. The goal is to
achieve an optimal combination of the materials used, the cable construction and extrusion processes during
manufacturing so that the optical performance is stable during and after the specified mechanical and thermal loads.
Shrinkage generally cannot be avoided but can be restricted to a certain level.

5.5.4 Cable shrinkage during connector termination process

A cable can be exposed to high temperature during a termination process step, when
connectors using epoxy in ferrule’s require a high temperature to cure. The cable end can be
exposed to high temperature conducted there by parts in the rear of the connector to which the
cable is fixed. The termination process should be designed to avoid subjecting the cable to
conditions outside of its specified parameters.
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6 Test methods for cable shrinkage

6.1 General

Test methods for shrinkage should test the desired characteristic of the cable as realistically as
possible and lab technicians should be able to perform them easily and economically. Thus,
test methods are a compromise between realistic performance simulation and having simple
test procedures. In the case of shrinkage testing, two different test methods are proposed in
6.3 and 6.4.

6.2 Conditions before shrinkage testing

Shrinkage is strongly dependant on the thermal and mechanical history of the cablel Some
shrinkgdge can occur after cutting the sample from the drum, during storage of the ¢ablg¢ in the
manufgcturing plant and warehouse, during transportation or during preparatign and
precongditioning of the cable before testing. If the shrinkage happens partly before testihg, the
subseduent shrinkage test cannot give a reliable result.

Therefpre, the conditions between manufacturing and the shrinkage testing should be
considg¢red. The storage, preparation and preconditioning should iffluence the shrinkpge as
little aq possible so that the measured shrinkage faithfully represents the worst case and|is also
reprodiicible.

During|the test, cable sheath materials can stick to the supporting elements in the climdtic test
chamber. This would prevent the cable from further shrifiking. Special attention has to b¢ taken
to guanantee a free movement of the cable during the test.

This recommendation is for testing purposes onlyand should not limit intentional manufacturing
steps f{o assist in the minimization of cable<shrinkage of finished good products (spch as
precongitioning before shipment to a customer).

6.3 Test method F11

The firgt test method F11A is suitable for cables where the fibre or buffered fibre and the|sheath
of the ¢able are intended to bé fully terminated into a connector at one or both cable ¢nds. A
short dable sample length_is well-suited for absolute measurement of the change in |sheath
length [caused by shrinkage because it can be put into a typical chamber uncoilgd, and
reprodilicible measurements can be achieved.

The linpitation of shrinkage measurement performed on a short cable sample is that a|longer
cable sample length will show greater absolute shrinkage values. Nonetheless, the [largest
relativg shrinkage (in %) on short cable samples can be measured to determine the shiinkage
grade Tf the_cable. Comparative testing should always use samples of the same length

Method F11A in accordance with IEC 60794-1-2112 [14] defines sheath shrinkage testing on a
cable sample of 1 m length measuring the absolute change in length of the cable sheath. The
sample lengths are specified as 1 m or 150 mm in nominal length. Before temperature cycling,
the cable samples are cut into the appropriate length (e.g. 1 050 mm for nominal 1 m length;
160 mm for nominal 150 mm length) and the nominal length for shrinkage measurement (e.g.
1 000 mm or 150 mm) is marked (or otherwise indicated, per F11A) on the sheath as shown in
Figure 2. Then the samples are temperature cycled and, after a recovery period, the length of
the samples is measured again. The difference of the length between the marks before and
after temperature cycling is the value of the shrinkage.

2 Under preparation. Stage at the time of publication: IEC/CFDIS 60794-1-211:2020.
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Figure 2 — Cable sample for shrinkage testing according to Method F11

cond test method F11B is defined for sheath shrinkage testing for general purpos
le length of 150 mm. A mark is put on the cable sheath close\to each sample ef
st cable sample distance between the marks are measuréd. Alternatively, the
cut to length and the length between the cut sheath ends’measured. The sampl
oven at the (constant) temperature and for the time period specified in the
cation. After a recovery period, the final distance/is ‘measured. The difference
e between the marks before and after temperature exposure is the (absolute)
nkage.

es have a memory effect in the form\of coils and are elastic depending on the

(e.g. 10 m or longer) very difficult or impossible. Therefore, measurement of th
E element protrusion at both ends is a suitable and simple alternative.

vantage of this method is\that the change in protrusion length can be directly co
b capability to accommodate this change of protrusion length in the application si
itation of this methgodhis'that the absolute change of the cable element and sheath
be determined.

F17 according to IEC 60794-1-22 [13] defines shrinkage testing on a cable samj
hum length{of 10 m by measuring the fibre and indirectly the buffered fibre or fib
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protrusion at beth ends. Before temperature cycling, the specified cable sample is coiled in
loose doils{each cable end is stripped exposing the fibres and buffered fibre or fibre tupe and
iakAfibre protru3|on Iengths are measured as shown in Figure 3. Then the sa
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fibge or bundle of fibres
segondary fibre protection or fibre tube
cablle sample

fible protrusion length from the edge of the secondary fibre protection or fibre tube
fibe protrusion length from the edge of the cable sheath

nofl a measured length but can be calculated from L, and\}

Rigure 3 — Cable sample for fibre protrusion testing according to Method F1

In Figdure 3, the protrusion of the secondary fibre protection or fibre tube is represern

length

minus 4.

7

7.1

Cdnclusions of the cable shrinkage study

Seneral

A corrgspondencegroup in IEC/SC86A/WG3 worked on several issues relating td
shrinkdge between 2016 and 2018. Amongst others, one issue in this study was to
cable ghrinkage tests and to collect and record the test results. Clause 7 gives the conc
of the ¢able-shrinkage study. Shrinkage test results are given in Annex A.

ted as

.5 that is not measured according to the test Method F17 but can be calculated as L,

cable
erform
usions

Specifically important is the fact that similar and different cable types can have different
shrinkage behaviours and have demonstrated different shrinkages. Therefore, the conclusions
given in Clause 7 should be regarded only as possible behaviour of the tested cable types.

7.2

Conclusion for simplex cables

The following sheath shrinkage behaviour could be observed.

In certain temperature ranges, the higher the upper temperature, the higher the shrinkage.

Temperature cycling induced higher shrinkage than aging at a continuous high temperature

when using the same high temperature.

The first few cycles, typically between 1 and 4, induced the largest part of the shrinkage

compared to the cycles which followed.
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o Different soak times (1 h and 4 h) used for temperature cycling between low and high

tem

perature resulted in almost the same shrinkage values.

e On short cable samples, larger relative shrinkage (in %) can be measured than on longer
cable samples. Shrinkage is not linear along the whole cable length. Cables show a "cable

end

effect" (see 5.5.3).

e The sheath length measured at low and high temperature is different to that when measured
at ambient temperature after temperature cycling (as is usually done). This explains why
the largest change in attenuation is measured during the low temperature phase when
performing a change of temperature test (see 5.2.2).

e The level of shrinkage and reversible thermal expansion and contraction is not linked to

ea

h other

e AU

Nonmetheless, a low shrinkage value increases the chance that the cable alsg has

opt
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8.1

All opti
commu

niform correlation between shrinkage and optical performance could not-be

cal performance. The additional parameters that influence optical performanc
N shrinkage are given in 5.5.

Conclusion for loose tube cables
owing cable element protrusion behaviour could be observed:

first few cycles, between 2 and 4, induced the largest paft’of the fibre protrusion

ger sample lengths (5 m, 10 m and 20 m) often showed a longer fibre protrusion
host a linear correlation). Only one stranded legse cable type showed the sanm
rusion change when using a 10 m and 20 m sample length.

edge of the cable sheath were often very’similar or the same showing that littl

change of protrusion of the central)strength members was moderate and small
fibre protrusion.

change of fibre protrusion.values vary significantly between the different cable f{
rrelation between shrinkage respectively fibre protrusion and optical performan

died for loose tube cables.

rmination cases of optical fibre cables

Seneral

cal fibre cables are terminated at each cable end in one way or another before
nigation can be transmitted through the optical fibres. Different installation sity

found.
A good
b other

change

change
e fibre

change of fibre protrusion measured from the edge of the fibre tube and measur¢d from

e O no

er than

ypes.

Ce was

optical
ations,

differer
factors

exist that can manage different cable element length movements.

8.2 Different termination cases

R R 4 : o 4 loio s H A4 4 4 ol o : ol H
T TTOTT T atiouT toLimnyucs, UNTeTTTTt COTIHITULUT alTu TTUUSTITY UTOoIyITS, dlIIUII:J Other

Six different termination cases for fibre optic interconnecting devices and passive components
which are included in IEC 61753-1 [23] are shown in Table 3 that represent a large number of
terminated cables.

NOTE In each termination case, several variants can be present in real applications. For easier representation, the

parts for

cable kink protection, for example boots, are not shown in the figures.
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Table 3 — Overview of different termination cases

No. Title Figure Recom- Recom-
mended tests| mended
for evaluation| tests for
of shrinkage | perform-

effects ance
evaluation

1 |Cable terminated 9.3 Annex D

with connector

2 |Cable terminated 9.4 Annex E

with hardened
connector

3 |[Cable fixed into a 9.5 Annex F

mddule and fibres
terminated with
copnectors

4 |Caple fixed into a 9.6 Anhex G

diviider with
individual fibres fed
intp fan-out cables
angl the ends
terminated with
connectors

5 |Caple fixed into a 9.7 Anhex H

prqtective housing
ang fibres terminated
with splices

6 |[Caple fixed into a 9.8 Annex |

prqtective housing
ang terminated with
copnectors

In this| document;~a separate termination case for cables terminated into passive |optical

compopents is.not included because many different termination variants are used|in the

industry. Therefore, recommendations for suitable tests for performance valuation gf such
cables| afe,“not possible. Nonetheless, some information about recommended tepts for

perforn

taken

from one of the six termination cases in Table 3 that forms the closest approximation to the real

situation.

9 Recommended tests for evaluation of shrinkage effects

9.1 General

Recommended tests for the cable performance evaluation of different termination cases are
given in Annex D to Annex|. In Clause 9, the recommended tests, test parameters and

shrinkage limits for evaluation of shrinkage effects are given.
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For connector terminations that do not involve the full cable (i.e. connectors on a 900 ym tight
buffered fibre or simplex units in a breakout cable), testing the full cable is not needed. For
cables terminated in closures that are spliced and have the rigid strength elements and cable
sheath secured, the shrinkage test is not applicable.

9.2 Limitation of tests for determination of shrinkage effects

It is highlighted that cable shrinkage and cable expansion and contraction testing will not be
able to provide complete optical performance information for terminated cables. Nevertheless,
shrinkage data during and after test can provide helpful information when classifying a cable
and in understanding the changes in attenuation during temperature cycle tests.

9.3 Cables terminated with connectors
9.3.1 Performance indicator tests

Recommended tests for the performance evaluation of cables to be terminatedwith connectors
are given in Annex D. Table D.1 lists optional tests that can be used as performance indicators.
This clause gives guidance to the optional tests that evaluate shrinkage €effects.

9.3.2 Cable shrinkage

As deqgcribed in Clauses D.2 to D.4, the acceptable cable¢shrinkage limit depends |on the
connedtor and cable type used as well as the real terminatjion_situation. Although a single, very
low sh]inkage value would be desirable for component manufacturers, most mitigate th¢ effect

of shrinkage through component design. Therefore, @ few different grades are propqsed to
widen fhe range of available cables.

The shpath shrinkage testing of simplex and duplex cable samples with a nominal length of 1 m
is recommended using IEC 60794-1-211 [14], method F11A. The recommended test parameters
for shrinkage testing are listed in Table 4 and the recommended grades for shrinkage gre 1, 2
or 3 in[Table 5. Grade 4 is not recommended for connector termination. Annex C proyides a
templaje for shrinkage testing of cables.

9.3.3 Cable thermal expansion and contraction

Thermal expansion and contraction occur when changing the temperature from ambien{ to low
or high|temperature (e.g~ffrom +23 °C to +70 °C or from +23 °C to —-25 °C).

A suitable proceduresto measure the length on short cable samples is described in Annex D.
With thlis procedure; the change in length of the cable sheath and optionally the cable elgments
can be|determined at low, high and ambient temperature.

Differept‘thermal expansion and contraction of cable elements often results in an incrgase in
attenuatien—Measuremen rptes—H RowA—th Rravig ange of
length (contraction) at low temperature also typically have a larger increase in attenuation when
changing from a high to a low temperature and during prolonged exposure at low temperatures
(see Annex B).

.....

9.3.4 Cable element forces

For further study.

9.4 Cables terminated with hardened connectors
9.4.1 Performance indicator tests

Recommended tests for the performance evaluation of cables to be terminated with hardened
connectors are given in Annex E. Table E.1 lists optional tests that can be used as performance
indicators. Subclause 9.4 gives guidance to the optional test that evaluates shrinkage effects.
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9.4.2 Cable shrinkage (fibre protrusion)

The maximum possible fibre or buffered fibre change in length that the hardened connector
used can compensate for without any change in the optical performance should be determined.

From this maximum change in length, the movement of the inserts during mating should be
subtracted.

This calculated change in length can be used for specifying the maximum allowable fibre or
buffered fibre protrusion when testing the cable in accordance with IEC 60794-1-22 [13],
method F17. Subclause 6.4 describes test method F17 and shows the definition of the lengths
L4, L, and Lg. If the buffered fibre is guided from the cable to the insert and terminated in it,

then L4 is the relevant parameter for specifying the maximum protrusion length. Length|L5 can
be calqulated from the measured lengths L, minus L,. In the case where fibre without g buffer
is guided from the cable to the insert and terminated in it, then L, is the relevant parameter for
specifyling the maximum protrusion length.

The recommended test parameters for cable shrinkage testing are listed in Table 4 gnd the
recommended grades for change of fibre protrusion in Table 6 and Table 7. Annex C pfovides
a template for shrinkage testing of cables.

9.5 Cables fixed into a module and fibres terminated with connectors
9.5.1 Performance indicator tests

Recommended tests for the performance evaluation.of cables fixed into a module and th¢ fibres
termingted with connectors are given in Annex F. Table F.1 lists optional tests that can e used
as performance indicators. Subclause 9.5 gives“guidance to the optional test that evaluates
shrinkgdge effects.

9.5.2 Cable shrinkage (fibre protrusion)

The mpaximum possible fibre or buffered fibre change in length that the module usgd can
compefpsate for without any change in the optical performance should be determined.

This d¢termined change intlength can be used for specifying the maximum allowable fibre or
buffered fibre protrusion”when testing the cable according to IEC 60794-1-22 [13], meth¢d F17.
Subclapse 6.4 describes test method F17 and shows the definition of the lengths L, L, fnd Lj.

The relevant parameter for specifying the maximum change of protrusion length depejnds on
the used cable type, such as:

— cable with\fibres and no tube: ALy;

— cabléwwith buffered fibres and no tube: ALx;

— cable with one multi-fibre loose tube: AL,.

The recommended test parameters for cable shrinkage testing are listed in Table 4 and the
recommended grades for change of fibre protrusion in Table 6 and Table 7. Annex C provides
a template for shrinkage testing of cables.

9.6 Cables fixed into a divider and fan-out cables terminated with connectors
9.6.1 Performance indicator tests

Recommended tests for the performance evaluation of cables fixed into a divider and the fan-
out cables terminated with connectors are given in Annex G. Table G.2 and Table G.3 list
optional tests that can be used as performance indicators. Subclause 9.6 gives guidance to the
optional tests that evaluate shrinkage effects.
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9.6.2 General

The acceptable cable shrinkage limit depends on the connector, fan-out cable, divider and cable
type used as well as the real termination situation. Moreover, beside the effects caused by
shrinkage, the thermal expansion effects can be significant (see Annex B) that are not covered
in 9.6. Consequently, the maximum allowable shrinkage and fibre protrusion of the cables
described in 9.6 should be considered as an indicator only.

The calculation of the possible fibre or buffered fibre change in length described in 9.6 is
applicable for dividers that have a free space for the fibres within the divider housings as shown
in Figure G.1.

In cases that the fibre overlength cannot be compensated by bending laterally, ;tHen the
descrifjed approach in 9.6 is not applicable. For example, that is the case if the divider Housing
is filledq with a compound. In that case, the complete terminated cable assemb|y“shquld be
tested ps recommended in G.5.1.

9.6.3 Shrinkage (fibre protrusion)

The mpximum possible fibre or buffered fibre change in length that the divider usgd can
compepsate for without any change in the optical performance (should be determinefl. This
length heeds to cover the change in length of fibre or buffered fibfe protrusion of the cable and
the shrjnkage of the fan-out cable, such as:

ALyiy = ALfipre + ALgapie

where

ALg;, | is the length the divider is able to comipensate;
ALsipre | is the length of the fibre or buffered fibre protrusion of cable

AL is the length of the shrinkage-of the fan-out cable.

cable
A maxjmum allowable change.of fibre or buffered fibre protrusion that is lower thian the
determjned length should be specified when testing the cable according to IEC 60794-1-22 [13],
method F17. A practical limit for the change of protrusion cannot be given because|it is a
balance between the behaviour of the cable and the fan-out cable. Subclause 6.4 depcribes
test mgthod F17 and gshows the definition of the lengths L4, L, and L. The relevant parfameter

for spefifying the maximum change of protrusion length depends on the used cable typg, such
as:

— cable with-buffered fibres and no tube: ALj;

— cable‘with loose tubes: AL,.

The recommended test parameters for cable shrinkage testing are listed in Table 4 and the
recommended grades for change of fibre protrusion in Table 6 and Table 7. Annex C provides
a template for shrinkage testing of cables.

9.6.4 Shrinkage of fan-out cable
Based on the determined maximum possible length that the divider can compensate explained

in 9.6.3, the allowable length for the shrinkage of the fan-out cable is calculated as:

ALshrinkage of fan-out cable ~ ALdivider is able to compensate ALfibre or buffered fibre protrusion of cable
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Sheath shrinkage testing of simplex and duplex cable samples with a nominal length of
1 m is recommended using IEC 60794-1-211 [14], method F11A. The recommended test
parameters for shrinkage testing are listed in Table 4 and the recommended grades for
shrinkage are 1, 2 or 3 in Table 5. Grade 4 is not recommended for connector termination.
Annex C provides a template for shrinkage testing of cables.

9.7 Cables fixed into a protective housing and terminated with splices
9.7.1 Performance indicator tests

Recommended tests for the performance evaluation of cables fixed into a protective housing
and terminated with splices are given in Annex H. Table H.1 lists optional tests that can be used

as a performance mdicator—Subctause 9.7 gives guidance to the optionatteststhatevaluates

shrinkgdge effects.

9.7.2 Cable shrinkage (fibre protrusion)

The maximum possible change in length of the fibre and the fibre tube (or)buffered fibge) that
the profective housing used can compensate for without any change in théoptical perfofmance
should|be determined.

These maximum changes in length can be used for specifying thé/ntaximum allowable fihre and
fibre tybe (or buffered fibre) protrusion when testing the cable*according to IEC 60794-1-22
[13], method F17. Subclause 6.4 describes test method F1,7 and shows the definition of lengths
L4, Ly, and Ls. For specifying the maximum change of fibre protrusion from the edge of the fibre

tube (or buffered fibre), length L, is suitable, and for the maximum change of the fibre thbe (or
buffered fibre) protrusion, length L, is suitable. Length' L5 can be calculated from the measured
lengthg L, minus L.

The rgcommended test parameters for-the cable shrinkage (fibre protrusion) tegt and
recommended fibre protrusion grades arelisted in Table 4 and the recommended grafdes for
changg of fibre protrusion in Table 6. @nd Table 7. Annex C provides a template for shfinkage
testing|of cables.

9.7.3 Sheath shrinkage

Sheathl shrinkage according to method F11B of IEC 60794-1-211 [14] can be used| as an
indicatpr for cable types’ that are generally suitable for properly terminated cable gnds at
protectjve housings T he installation technique should secure rigid strength elements anfl cable
sheath| guide theloose tubes and fibres properly and can include external instgallation
techniques. The)test parameters should be taken from the detail cable specificatign. The
maximym shrinkage should not exceed 7,5 mm (5 %).

9.8 Sabfes fixed i ive I . | inated witl I

9.8.1 Performance indicator tests

Recommended tests for the performance evaluation of cables fixed into a protective housing
and terminated with connectors are given in Annex |. Table 1.1 list an optional test that can be
used as a performance indicator. This clause gives guidance to the optional test that evaluates
shrinkage effects.

9.8.2 Cable shrinkage

IEC 60794-2-22 [16] includes no shrinkage requirement for the sheath of the breakout cable.
For the simplex cables within the breakout cable, the requirements of the family specification
IEC 60794-2-50 [17] are applicable. Annex D recommends tests for performance evaluation of
simplex or duplex cables to be terminated with connectors.
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Many protective housings can manage over-length, and some changes in the length of
reinforced cables or buffered fibres, in an effective way. In that case, the determination of the
shrinkage of the complete cable is not necessary. However, if almost no change in length can
be compensated for within the housing, then cable shrinkage of the complete cable should be
considered.

The sheath shrinkage of breakout or mini-breakout cable samples with a nominal length of 1 m
should be tested using IEC 60794-1-211 [14], method F11A. The recommended test parameters
for cable shrinkage testing are listed in Table 4 and the recommended grades for sheath
shrinkage in Table 5. Annex C provides a template for shrinkage testing of cables.
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Method:
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Table 4 — Temperature cycling severities
for shrinkage testing for Methods F11A and F17

Low temperature High temperature Soak Number of cycles Related
Ty, Tg, time performance
t category ?

(informative)

°C °C h

Connectors, FMC, mechanical splices, fusion splice protectors, passive optical components and FMS ?

-10 +60 1 5 C
-10 +70 1 5 cHD
-25 +70 1 12 OR
-25 +85 1 12 opHD
-40 +75 1 12 OP+
-40 +85 1 12 opP+HL
—40 +70 4 12 |
-40 +85 4 12 [HD
-40 +85 1 12 E

Hardened connectors and protective housings (wall outlets, boxes, ODFM street cabinets and closures) 9

-40 +65 4 12 A
-40 +65 4 12 G
—40 +65 4 12 S

a8 Opgrating service environments and performance categories according to IEC 61753-1 [23]. A {uitable
catggory should be selected according to the application.

Progduct types according to IEC 61753-1 [23].

10.3 S$hrinkage grades for Method“F11A

Table % provides recommended grades for specifying the cable sheath shrinkage suitabje for a
cable dample, nominal length 1" m.

Table 5 - Recommended sheath shrinkage grades

Grade Sheath shrinkage
mm
1 <5
2 <10
3 <20
4 > 20 (no limit)

NOTE Sheath shrinkage grades for method F11A with 150 mm samples length are for future study.
10.4 Recommended shrinkage limit for Method F11B

The maximum sheath shrinkage should not exceed 7,5 mm.

10.5 Fibre protrusion grades for Method F17

Table 6 and Table 7 provide recommended grades for specifying the change of fibre protrusion
suitable for cable sample length of 20 m.
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Table 6 — Recommended change of fibre protrusion AL, grades

Grade Change of fibre protrusion (AL,) from the edge of the secondary
fibre protection or fibre tube
mm
1 <25
2 <50
3 <100
4

> 100 (no limit)

Table 7 — Recommended change of fibre protrusion AL, grades

Grade Change of fibre protrusion (AL,) from the edge of the cable sheath

mm
1 <30
2 <60
3 <120
4

> 120 (no limit)
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A1

Annex A
(informative)

Test results of the cable shrinkage study

General

A correspondence group in IEC/SC86A/WG3 worked on several issues relating to cable
shrinkage between 2016 and 2018. Amongst others, one issue in this study was to perform
cable shrinkage tests and to collect and record the test results. Annex A shows examples of the

shrinkggetestTesuttsof theTabteshrimkagestudy:

It shou
phase.
evalua
proced

Id be noted that shrinkage tests on loose tube cables were also performedJin the first
The results of these tests were not needed for the recommended test for.perfofmance
ion of cables to be terminated with connectors. This was done for evaluation of a quitable
ure for test method F17 (cable shrinkage test with measurement of(fibre protrusi¢n on a

long cgble sample). Additionally, these results as well as the newly-develéped test methjod F17

were u
cases.

Specifi

sed for the recommended tests for performance evaluation of cables for a few terminated

cally important is the fact that similar and different“«cable types can have djfferent

shrinkgge behaviours and have demonstrated different shrinkages. Therefore, the test|results

should

A.2

A.21

Comm

be regarded only as possible values of the testedeable types.

Shrinkage test results of simplex cables

Simplex cable types for shrinkage ‘tests

rcially available simplex cables were tested according to IEC 60794-1-22 [13], method

F11, often with a modified procedure, (e.g. aging or temperature cycling from low {o high

tempe
the te
coating
1,6

A.2.2

ture instead of temperature cycling from ambient to high temperature). The dgsign of
ed simplex cables was: acrylate-coated glass fibre (125/245 ym); 900 ym sedondary
(often easy strip type)); jaramid yarns; flame-retardant sheath (HFFR/LSZH) bgtween
m and &3,0 mm.

Shrinkage tést'with different aging methods and duration

Several optical fibre'cable types were tested for shrinkage according to IEC 60794-1-22 [13],

methog
show h
cable t

F11, including those not intended for connectorisation (and one made to deliberately
igh shrinkage) in order to better evaluate the test extremes. Two samples of the djfferent
ypes.were aged continuously at high temperatures and another two samples were aged

using temiperature cycling. The results of three cable types (no. 1, 2 and 3) are shjown in

Figure

A.1 to Figure A.3 using green and orange lines. For sheath shrinkage (y-axis), the

change of length in mm is given as a negative value. The horizontal axis values represent the

numbe
numbe
cycling

r of days for continuous high temperature aging (marked with "continuous") and the
r of temperature cycles for temperature cycling (marked with "cycling"). For temperature
, the soak time was 1 h at the high and ambient temperature.
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Figure A.3 — Sheath shrinkage in mm of cable type 3 with different temperatures

Cycling between the high temperature and ambient gave slightly higher shrinkagf than
continous high temperature.-If there is some sort of piston effect, then maybe this would be
even nore pronounced jf-cycled between high and low temperature. Higher upper tempefatures
gave slightly higher shrinkage (+60 °C, +70 °C and +85 °C tested). Most of the shfinkage
occurrgd within 2 tot4 cycles or 2 to 4 days (for continuous high temperature).

A.2.3 Shrinkage test with various numbers of temperature cycles
Shrinkage tests according to IEC 60794-1-22 [13], method F11 (modified) were performgd with
a simpiex cable @2.0 mm with easy strip buffered fibre, aramid yarns and flame-retardanit LSZH
sheath. The simplex cable was manufactured with four different colours and afterwards the
sheath shrinkage was measured.

The test parameters for the shrinkage test were: sample length 1 000 mm; temperature cycling
between -25 °C/+70 °C according to IEC 60794-1-22 [13], method F1; ramp 1 °C/min.; soak
time 1 h and 4 h; 8 cycles; 3 samples per colour per soak time.

Figure A.4 shows the average sheath shrinkage of all the samples of all the four different colours
for the two different soak times (1 h and 4 h) separately, measured after the 2, 5 and 8 cycles.
No measurement was made after 1, 3, 4, 6 and 7 cycles but the values were interpolated and
included.
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Figure A.4 — Sheath shrinkage at different number of cycles
The results show that most of the sheath shrinkage-¢an be measured after the 2"d cycl¢. After
more [ycles, a moderate increase of the//sheath shrinkage can still be observed.
No significantly different sheath shrinkage values could be measured between the 1 h and 4 h
soak tines.
A.2.4 Shrinkage test with different sample lengths

A sheath shrinkage test according-to IEC 60794-1-22 [13], method F11, was performed

simple
2,0

The te
3,0 m;

The md

cable type. The cable design was: easy strip buffered fibre; aramid yarns; LSZH
m.

5t parameters fon the shrinkage test using method F11 were: sample length 1,0
exposure temperature +70 °C; soak time 8 h; 5 cycles; 5 samples.

an sheath shrinkage after temperature cycling was calculated and is shown in Talj

Table A.1 — Overview of shrinkage results

with a
sheath

m and

le A.1.

The shrinkage is not linear with respect to the cable length.

A.2.5

Cable sample length

Mean sheath shrinkage

Mean sheath shrinkage

m mm %
1,0 14 1,4
3,0 19 0,63

Shrinkage test versus optical performance of two different simplex cables

Temperature cycling with change in attenuation according to IEC 60794-1-22 [13], method F12,
and shrinkage tests according to IEC 60794-1-22, method F11, were performed with two
different simplex cable types:
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— cable type 1: single-mode glass fibre ITU-T G.657.A1 [8]; simplex &1,6 mm; easy strip
buffered fibre; aramid yarns; LSZH sheath;

— cable type 2: single-mode glass fibre ITU-T G.657.A1 [8]; simplex &2,0 mm; easy strip
buffered fibre; aramid yarns; LSZH sheath

Figure A.5 shows the change in attenuation during and after temperature cycling at 1 550 nm
using method F12 (modified). The test parameters for temperature cycling using method F12
were: sample length 10 m; soak time 1 h; 4 cycles; Tp4/53 —10°C /=25°C /=40 °C; Tz, +70 °C.
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Figure A.5 — Change.in attenuation during temperature cycling

4 dB for cable type'2 and afterwards 0,01 dB and 0,00 dB respectively at 1 550

5t parameters *for temperature cycling using method F12 were: sample length
re tempefature +70 °C; soak time 1 h; 4 cycles; 5 samples per cable type.

ximum'sheath shrinkage after temperature cycling was 5 mm for cable type 1 and
etype 2.
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Although the two cable types had different sheath shrinkage values, the change of optical
performance is the same, as shown in Table A.2.

Table A.2 — Overview of simplex results

Cable type | Maximum sheath Maximum change in attenuation during
shrinkage temperature cycling at 1 550 nm
1 5 mm 0,04 dB

2 10 mm 0,04 dB
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A.2.6 Shrinkage test versus optical performance of different versions of a simplex
cable

Temperature cycling with change in attenuation according to IEC 60794-1-22 [13], method F12
and shrinkage tests according to IEC 60794-1-22, method F11 (modified), were performed with
a simplex cable consisting of one single-mode glass fibre ITU-T G.652.D [9], easy strip buffer
900 um for fibre, aramid yarns and flame-retardant LSZH sheath @2,0 mm. The simplex cable
was manufactured with four different colours and afterwards the sheath shrinkage and the
change in attenuation during temperature cycling was measured.

The test parameters for the shrinkage test were: sample length 1 000 mm; temperature cycling
between -25 °C and +70 °C according to IEC 60794-1-22 [13], Method F1; ramp 1 °C/min.;
soak time 1 h; 5 cycles; 3 samples per colour.

The tegt parameters for temperature cycling using IEC 60794-1-22 [13], Method-F13 were:
samplg length 10 m; soak time 1 h; 5 cycles =10 °C/+70 °C followed by 5 cycles 520 °C/170 °C;
3 samgles per colour.

Figure |A.6 shows the sheath shrinkage and the maximum change incattenuation at 1 $50 nm
during temperature cycling (-20 °C/+70 °C) of the four different colours.
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Figure A.6 — Change in attenuation versus sheath shrinkage

A correlation between the shrinkage values and the change in attenuation cannot be made,
although it is the same cable type, construction, and materials (except colour batch for the
sheath). This could be because the shrinkage values were very relatively close and the change
of attenuation was influenced by other factors.

A.2.7 Change in length during and after climatic exposure

A test method for the change in length during climatic exposure, with results from two different
cables, is shown in Annex B.
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A.3 Shrinkage test results for loose tube cables

A.3.1 Loose tube cable types for shrinkage tests

Commercially available loose tube cables were tested according to |IEC 60794-1-22 [13],
method F17. The design of the tested loose tube cables was: acrylate-coated glass optical
fibres (125/245 pm); dry and jelly-filled unitube or stranded loose tubes; aramid yarn or glass-
roving strength members; flame-retardant (HFFR/LSZH) or PE sheath. The stranded loose tube
cables contained a central strength member. The change in the protrusion lengths of different
cable elements was measured to get comprehensive information on the behaviour of the tested

cables.

A.3.2 Shrinkage test (method F11 modified) of four loose tube cable types
Cable ghrinkage tests similar to IEC 60794-1-22 [13], method F11 (modified) were-per

formed

with four different multi-fibre loose tube cable types, as described in Table A.37and labglled as
type 1 o 4.
Table A.3 — Details of loose tube cable types
Cabld type Cable design
Construction Filling of loose Strengthumembers Sheath matprial
tube(s)
. Flame-retarfant
1 Unitube Dry Glass yarns LSZH
4 ; ) Flame-retarfant
p. Unitube Jelly-filled Glass yarns LSZH
4 Flame-retarfant
3 Stranded Dry Glass yarns LSZH
4 Stranded Jelty=filled Glass yarns HDPE
The prg¢paration of samples, the measured cable element types and the measured lengths were

modifigd from method F11, as Figure A.7 shows.
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Figure A.7 — Preparation of sample and measured lengths

The te$t parameters werexsoak time 1 h; 8 cycles; maximum specified temperature gf cable
Tpo — 40 °C and Ty + 70-°€; 1 °C/min; 2 samples per cable type; measurement of cable glement

lengthq after 4, 6 and(8 cycles at ambient temperature.

After tgmperaturelcycling according to IEC 60794-1-22 [13], method F1, practically no ¢ghange
in the |length_of-the central strength members (L;) and the length of the fibres (Lg) could be

measufed. The small changes were within the measurement uncertainty of £1 mm.

Figure A.8 shows the sheath (L,) and loose tube (Lg) shrinkage as the average of the two
samples for each cable type, measured after 4, 6 and 8 cycles.
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Figure A.8 — Shrinkage of sheath and loose tube after different number of cycles

The sHeath shrinkage (L,) of cable type 4 (stranded Idese tube cable with HDPE gheath)

showed the highest value of 9 mm compared to the other'cables type with values betweep 2 mm
and 3,% mm (after 8 cycles).

A.3.3 Shrinkage test (method F17) of four.loose tube cable types

Cable [shrinkage tests according to IEC0794-1-22 [13], method F17 (modified)] were
performed with three different lengths (5\m; 10 m and 20 m) and four different multi-fibrg loose
tube cgble types. The four loose tube cable types were the same as in A.3.2.

The prg¢paration of samples and.the measured or calculated protrusion lengths were conducted
using 4§ modified version of method F17 as included in IEC 60794-1-22 [13], as shown in[Figure
A.9.
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Figure A.9 — Preparation of sample and measured or calculated protrusion lendths

The te$t parameters were: soak time 2 h; 12 cycles; maximum specified temperature gf cable
Tpr — 40 °C and Tg, + 70 °C; 1 °C/min; cable coils of 0,30 m to 0,35 m in radius in chamber;

measufement of fibre and cable element protrusion after 4, 8 and 12 cycles at gmbient
temperjature.

The mgasurement uncertaintywas approximately £1 mm per measured length.

The me¢an protrusion values' were calculated from the measured fibre, loose tube and [central
strength member protrusion lengths on both ends. Those mean protrusion lengths are[shown
in Figure A.10 to Figure’A.13 for each cable type separately.
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Figure A.12 — Protrusion length of cabletype 3
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Figure A.13 — Protrusion length of cable type 4

The results regarding different sample lengths show that the fibre (L4, L,) and central strength
member (Lg) protrusion lengths have increased with the length of the cable sample, except for

cable type 3 where no real difference in the protrusion lengths between the sample lengths of
10 m and 20 m could be observed.

The results regarding different number of cycles show that the fibre, loose tube and central
strength member protrusion has increased significantly during the first 4 cycles but afterwards
the increase gradually reduced.

The change in protrusion of the loose tubes (L3) was low, approximately 0 mm for cable types
1, 2 and 3 and 5 mm for cable type 4 at each end of the 20 m sample length and after 12 cycles.
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The change in protrusion of the central strength member (L;) was moderate, approximately

10 mm for cable type 3 and 26 mm for cable type 4 at each end of the sample length of 20 m
and after 12 cycles.

A.3.4 Shrinkage test of nine unitube cable types

Cable shrinkage tests according to IEC 60794-1-22 [13], method F17, were performed with nine
different multi-fibre unitube cable types described in Table A.4 and labelled as type A to I. They
contained a central jelly-filled loose tube ©@3,4 mm with a number of single-mode fibres
according to ITU-T G.657.A1 [8] and were all manufactured by the same cable manufacturer.

Table-A-4—Detalls of unitube cablefypes

Cable type Fibre Strength Sheath Cable Sheath Extrusion Factory, Remarks
count members material diameter | thickness method location
mm mm
A 12 529)::?:8 jrERype 70 1,2 Tube Elrope
B 12 fzg;gfﬁs JFERYPe 70 1,2 Tubé Europe
c 12 sl FULAAS S B 1,2 Tube Asia
D 12 Fz'ngf:é JriRupel 70 1,2 Tube Asia
E 12 529)::?:8 JrERwee | 70 12 Tube Asia
F 12 Ezg;gfr?s ﬁ"PEié%‘f 6.8 1.1 Pressure Asia | Cat '91 drum
G 12 Fz'ngf:é LLDPEUPe| N 6.8 1,1 Pressure Asia  [CAffie drum
H 4 EA;QJ::S I;L_Dsfté?;p: 7,7 1,1 Pressure Asia
6 f\g?r;‘ig’s ﬁLPE:tct%pg 6,5 1,3 Tube Europe

The te$t parameters werer sample length 10 m; soak time 1 h; 4 cycles; maximum specified
temperature of cable (T4, —30 °C and Tz, +70 °C; 1 °C/min; measurement of fibre pragtrusion

after 1] 2 and 4 cyeles at ambient temperature. No measurement was made after 3 cycles, but
the vallies were-interpolated and included. The mean values of the change of protrusign were
calculated from-the measured fibre and unitube protrusion lengths on each end of two sgmples.
Those mean change of protrusion lengths are shown in Figure A.14 for each cable type
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Figure A.14 — Change of fibre protrusijon

The repults show that the change of fibre protrusion valués (L, and L,) vary significantly

betwegn the different cable types. Larger change of fibre’ protrusion could be measurgd after
4 cyclgs compared to after 1 and 2 cycles. The changein protrusion of the tubes (L3 = 4, — L)

were very small and within the measurement uncértainty of £1 mm.
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B.1

Annex B
(informative)

Test method for change in length during climatic exposure

General

The purpose of this test method is the finding of correlations between the change of length of

cables

and the change in attenuation observed during a climatic test.

Accordjng to IEC 60794-1-22 [13], method F11, sheath shrinkage (cables intended
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Figure B.1 — Apparatus for holding cable samples
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B.4 Procedure for determination of the change in length

The cable samples were climatically exposed according to |IEC 61300-2-22 [22] with the
following parameters.

Temperature: -25°Cto +70 °C = 2 °C as defined for category OP in IEC 61753-1 [23]
Duration at extremes: 60 min

Number of cycles: 12

Rate of change: 1 °C/min

Initial sample length: 1 000 mm of sheath

The finlal sheath length of each sample was measured at both extreme temperatures-in.fhe last
cycle (maximum contraction and shrinkage). The points where the measurements wérg¢ made
are shgwn in Figure B.2.

o —\
40 / \

Temperature [°C]
N
o o
/ ~

-
-

0 100 200 300
‘ Time [min]
IEC

Figure B.2 — Temperature cycle with measurement points

B.5 |[Test results forthe change in length

The lepgth of the-gable sheath during climatic testing was measured for both cable types, as
given ip Figure~Bi3. The initial lengths at 7, were measured before temperature cycling. The

lengthq at Zywand 753 were measured at the extremes in the 12th cycle. The lengths at 7, were
measufed after temperature cycling.
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Figure B.3 — Cable sheath length:measurement results

B.6 |Procedure for determination of the change in attenuation

Both cpble types were connectorised faor the change of temperature with monitoring| of the
changqg in attenuation test.

Number of DUTs: 12

Connegtor type: SC plugs

Cable length: 3m

Test procedure: IEC 61300-2-22 [22]

Temperatures andsaumber of cycles: -10 °C to +60 °C = 2 °C as defined for categofy C in
IEC 61753-1 [23], 5 cycles

-25 °C to +70 °C + 2 °C as defined for category OP in
IEC 61753-1, 12 cycles

Duratidn-af extremes: 80 min
Rate of change: 1 °C/min

Humidity: uncontrolled

Location of DUT: complete DUT with 3 m cable and two connections

(SC plug — SC adaptor — SC plug on each side) inside
the chamber. Short ends of the measurement cables for
connection to the attenuation measuring equipment were
also inside the chamber.

Wavelengths: 1310 nm/1 550 nm/1 625 nm

B.7 Test results for the change in attenuation

Figure B.4 to Figure B.9 give the measured changes in optical transmittance and the maximum
change in attenuation of all DUTs at three wavelengths for each DUT.


https://iecnorm.com/api/?name=c857903db031184a35dc33f757f0498d

- 48 — IEC TR 62959:2021 © |IEC 2021

A Change of temperature 1 310 nm T
0,2 ; T ! ; ; 80
I U SO W A N VA O A W
g 0 _\?JJS‘ -»"‘ 3I> ,‘/‘,.,'h'_,~v:’."‘, \V,,,,s"‘, v ge— G
8 0,1 |- {4- CHH o A N S R R AN - 5
£ ; : : : ]
£ 020 H TR 40
£ : E : : =
2 UECH ol T O A T o 0 Y I AR o
o : : : : 5
% L2 o T 1 s A B 120 ®
ks} : : : : 9
= OS5 IFET ST T vt ey v rve £
c 06l : 2
(0]
2 -0,7
©
5 -08f qs
-0,9 | q.
-1 ! ! ! I i -
0 1000 2000 3 000 4000 5000 (é‘-“ e [min]
' o
IEC
1310 nm Ch13 Ch14 Ch15 Ch16 Ch17 Ch18 Ch19 Ch20 Ch21 Ch22 Ch23 Ch24

max. change in 0,03 0,09 0,11 0,05 0,09 0,06 0,05 0,07 0,06 0,05 0,06 0,07
attenualtion [dB]

Figure B.4 — Change in attenuation of orange cable samples at 1 310 nm
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Figure B.5 — Change in attenuation of orange cable samples at 1 550 nm
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Figure B.6 — Change in attenuation of orange cable samples at 1 625 nm
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Figure B.7 — Change in attenuation of yellow cable samples at 1 310 nm
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Figure B.8 — Change in attenuation of yellow cable samples at 1 550 nm
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Figure B.9 — Change in attenuation of yellow cable samples at 1 625 nm

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

Table B.1 compares results selected from change in length and change in attenuation testing.
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Table B.1 — Comparison of change in length with change in attenuation

Maximdm change in attenuation 2
at -25fFC at 1 625 nm [dB]

Cable type Orange Yellow Data from
Maximum change of length 2 7 Distance of end of blue bar to 1 000 mm
at =25 °C (7,) [mm] in Figure B.3
Maximum change of length after cycling at 2 6,5 Figure B.3, marked with
+24 °C (T,) [mm]
Maximum change in attenuation 2 0,11 0,14 Figure B.4 and Figure B.7
at -25 °C at 1 310 nm [dB]
Maximum change in attenuation 2 0,11 0,30 Figure B.5 and Figure B.8
at -25 °C at 1 550 nm [dB]

0,14 0,82 Figure B.6 and Figure B.9

2  Pegk-to-peak

B.9 |[Conclusion

The cgmparison in Table B.1 shows the higher the change of dength at =25 °C (7,) 4nd the
changgq of length (shrinkage) at end of cycling (7,) at room temperature, the higher the ifjcrease
in attenuation during temperature cycling.

Cables| that show higher reversible length reduction<during the cold phase have a|higher

increage in attenuation during this phase. Differences are clearly visible at 1 625 nm.

Irrevergible thermal contraction (shrinkage) measured before and after temperature lcycling
testinglat room temperature is important, but:ithe additional change in length during tempgrature
cycles |can cause higher attenuation during the cold phase. Both cables show low attepuation
at the end of the test although the irreversible shrinkage is much higher for the yellow] cable.

So, thg reversible change of length iS.important information.

Measufement of this reversiblé shrinkage during the cold and hot phases can be helpfyl when
classifying a cable and to understand the high attenuations observed during the chgdnge of

temperjature test.
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Shrinkage testing template

can be used for specifying the shrinkage testing of cables.

Table C.1 — Shrinkage testing template

Type of shrinkage method

Shrinkage on a short cable sample

Fibre protrusion on
a long cable sample

the edge of cable sheath:
Grade 1: <
Grade 2: <

30 mm

60 mm

Cable ¢lement under Cable sheath Fibre protrusion from the edgd of the
considgration secondary fibre protection or flbre
tube and from the edge,ef/ cable
sheath
Test mgthod IEC 60794-1-211 F11A [14] IEC 60794-1-22-£17 [13]
Test sgmple length Tm 20 m
Low anld high temperature Low and high temperature Related pérformance category|?
for temperature cycling in °C: (informative):
-10/ +60 G
-10/+70 cHD
-25/+70 oP
-25/ +85 opHD
_40 / +75 OP+
-40/ +85 OP+HD, |HD, E
-40/ +70 |
-40 / +65 A, G. S
Requirgément(s) Sheath shrinkage: Change of fibre protrusion (AL} ) from
Grade 1: € 5'mm the edg_e of th_e secondary fibrg
protection or fibre tube:
<
Crageny~= 10 mm Grade 1: <25 mm
Grade'3: <20
rage mm Grade 2: <50 mm
s>
Grade 4: > 20 mm Grade 3: <100 mm
Grade 4: > 100 mm
Change of fibre protrusion (AL}) from

Grade 3:
Grade 4: >

IA

120 mm
120 mm

a8 OQperating service environments and performance categories according to IEC 61753-1 [23]. A suitable
category should be selected according to the application.
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D.1

Annex D
(informative)

Recommended tests for performance evaluation
of cables to be terminated with connectors

General

Annex D describes termination case no. 1 listed in 8.2 where connectors are directly terminated
onto simplex or duplex cable ends. Figure D.1 shows a cable terminated to a connector plug.

Conne
IEC 61

Conne
conned

D.2

Many
terming
and L(
examp
methog

Fibre Connector plug housing Aramid yarns

/

Ferrule Sleeve Crimp sleeve IEC

Figure D.1 — Cable terminated with~connector plug

753-1 [23]) and are described in more detailin Clause D.2.

ctor types with sealing features, called hardened connectors or harsh envir
tors, are not considered in Annex.D> See Annex E.

Connector types and design

ted onto simplex aer\duplex cables. Typical types are, but not exclusively, SC, F

s for termination onto the cable.

ctors used are for an indoor controlled ~or outdoor protected environment (see

bnment

connector types exist for indoor controlled and outdoor protected environments,

C, LSH

that are specified 'in the IEC 61754 [26] connector series. Each connector type, for
e the LC shown' in Figure D.2, can have at least two design variants with djfferent

' d

Figure D.2 — LC connector variants

Connectors in IEC 61754 (all parts) [26] have specified dimensions that are relevant for mating
to an adapter (or socket) of the same type. The cable fixing method is not standardised, and
every manufacturer can design it to their own requirements.
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Generally, the connectors are designed for a few similar cable types or a certain cable type.
Ideally, all fixing points of all the cable elements are located in one place so that no buckling
can occur. In reality, the fixing points are staggered to enable a compact connector design and
an easy termination process (see Figure D.3).

L
gii Buffered fibre Cable

Fibre Connector plug housin Aramid yarns Boot

/g --------- : I 8 _]ﬂ 1

Ferrule Sleeve Crimp sleeve A

Figure D.3 — Simplex cable terminated at LC simplex conngctor

The design of physical contact connector types, such as SC, LSH, LC.and others, incfudes a

spring-
being g

to the front part of the sleeve holding the ferrule. At the rear of the’connector, the arami

and the

In this pituation, no movement is possible between the-fibre and the buffer. The spring

the sl¢
mating

conditipn, the connector ferrules move rearwards,by several tenths of a millimetre, as sh

Figure
conneq

(or fibrg) is critical. Either the cable can @gcommodate that movement and/or the cable

oaded ferrule. As shown in Figure D.3, the fibre is epoxied’into the ferrule as
leaved and polished at the end face, and the buffered fibre (secondary coating) is

cable sheath are fixed in a defined position.

eve holding the ferrule toward the front position, as shown in Figure D.4 a).
the fibre of each connector is contacted physically to its counterpart. In the fina

D.4 b). For example for the LC connector'type, the typical movement is 0,45 mm

well as
affixed
j yarns

bushes
During
mated
own in
n each

tor by the buffered fibre moving back.into the cable sheath. The unguided buffered fibre

design

can actcommodate the buffered fibre over-length. If this movement is not considered, then the

buffere)
Figure

d fibre (or fibre) can buckle<in the unguided zone, as indicated in dashed |
D.4 b), and can cause increased attenuation due to small bend radii.

nes in
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Figure D.4 — Fibre movement in spring-loaded connectors

The copnector, fibre and cable type should be compatible so that no negative effects occur (see
Clause|D.4).

D.3 [Simplex and duplex cable types

Several different simplex and duplex cable constructions exist on the market and tHey are
designed for splicing and/or connector termination. IEC 60794-2-50 [17] shows djffferent
simplex and duplex cable types.In Clause D.3, simplex and duplex cables with semi-tight and
tight bliffered fibres (typically. @ 0,9 mm) are considered as shown in Figure D.5 and|Figure
D.6.

Fibre incl. primary coating
Buffer

Strength members

ol 4l
olrrcatll

IEC

Figure D.5 — Simplex cable type
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Fibre incl. primary coating

‘ Buffer
O ‘ Strength members

Sheath

Fibre incl. primary coating

\/ Buffer
@ Strength members

Sheath

IEC
Figure D.6 — Duplex cable types

Other gable types exist for termination onto connectors, for example a duplex flat cable[shown
in IEC 60794-2-50 [17] and a breakout cable according ta IEC 60794-2-22 [16]. The fojlowing
cable types are not considered in Clause D.3:

— simplex and duplex cables without secondary coated fibre (without buffer);

— cable types with inner tubes and without anycfibres, for a fan-out application.

These fable types require adapted considerations that are not covered in Clause D.3.

Cables| are designed and manufactured to meet various mechanical, thermal, comfustion,
environmental, handling and installation requirements ensuring best optical performange. One
out of Mmany requirements is an_easy termination that ensures a continuous low attenuation of
the caljle assembly [7].

The cable and the connegtor type should be compatible with each other so that no nggative
effects|occur (see Clause’D.4).

D.4 |Termination of a cable to a connector

The fibfre is.usually fixed in the ferrule with epoxy that is located at the front of the conjhector.
The buffered fibre is typically fixed into the sleeve holding the ferrule. The other cable elgments,
such as aramid yarns and cable sheath, are fixed at the rear of the connector. The cable fixing
is not standardised, and every manufacturer can design it to their own requirements. Figure D.3
shows the typical situation of a simplex cable terminated into an LC simplex connector as a
simplified representation.

The termination has to be done carefully, so that excessive stress that can cause attenuation
or reliability concerns is not applied to the fibre in both the unmated and mated condition (see
Clause D.2).

During temperature exposure and fluctuations, plastic materials change their dimensions both
reversibly and irreversibly (see 5.2). Extruded plastic materials have an irreversible thermal
contraction, so-called shrinkage (see 5.2.3).
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If there is no overtravel accommodation in the cable, then significant forces between the cable
elements are generated that can stress the fibre significantly and cause increased attenuation.
If a cable element is unguided over a certain length, the weakest cable element (e.g. the
buffered fibre) can buckle laterally, as shown by the dashed lines in Figure D.4 b). If the buckle
causes very small bend radii, then increased attenuation can be observed.

Another effect can be that certain cable elements are pulled out of the fixing position (e.g. cable
sheath).

To prevent the negative effects described above, the connector and cable type used should be
compatible as explained below.

D.5 [Overview of recommended cable tests
Table D.1 lists the recommended tests for cables to be used with connectors.” All thr tests
marked with "recommended" in the third column of Table D.1 are covered(in-the simplex and

duplex|cable specification to be terminated with connectors (IEC 60794:2:50 [17]) and those
marked with "indicator" can be used optionally. The last column in the table provides infofmation
about the tests and the application. The importance of a change of temperature with attepuation
measufement test is especially highlighted.

[able D.1 — Recommended tests for cables to be terminated with connectors

F'ype of test Test method Use/of test Remark/Applicgtion
Change|of temperature with [IEC 60794-1-22, F12 [13] Recommended Best alternative for jesting
attenuafion measurement; terminated product
Cable tgsted with fixed (IEC 61300-2-22 [24] and
cable elements Annex J);

See |IEC 60794-2-5Q [17]
Sheath pull-off force for IEC 60794-1-21, E241 [12] |Recommended See IEC 60794-2-5(
cable fof use in patch cords
Buffer njovement IEC 60794-1-215,E22 Recommended See IEC 60794-2-5(
Stripping length of buffered [IEC 60793-1-32 [10] Recommended See |[EC 60794-2-5(
fibres
Cable slhrinkage See 9.3.2 Indicator (optional) Useful for a first and fast
comparison betwee
different cable typeg
Cable tHermal expansion See 9.3.3 Indicator (optional) Useful before testing the
and confraction cable for change of
temperature with
attenuation measurgment
Forces ¢f cable,elements See 9.3.4 Indicator (optional) -
D.6 Main performance of a terminated cable

The main performance of a terminated cable is the optical transmission performance during
environmental variations, i.e. during temperature changes. For that purpose, products should
be tested using a suitable temperature cycling method while continuously measuring the change
in attenuation during and after the test (see Clause D.7).

Low attenuation depends on many design parameters of the cable (see Clause D.3 and 5.3) as
well as the type and quality of termination at the cable ends (see Clause D.4).
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D.7 Guidance for change of temperature test methods

The direct way to test the suitability of the cable is to test the terminated product. To do that,
the cable is terminated with connectors and tested. The main performance characteristic is the
optical transmission behaviour during and after the change of temperature test. For verification,
the complete terminated product should be tested using temperature cycling according to
IEC 61300-2-22 [22]. During and after temperature cycling, the change in attenuation is
measured at the specified wavelength(s). Additional visual examination shows if the product is
still unchanged and undamaged after the test (see Annex J).

IEC 60794-2-50 [17] specifies a suitable alternative by testing the cable according to
|IEC 60494-14-22 [1 ’2]’ method EF1 ’)’ where all the cable elements-at each-cable end -are fixed to
each ofher to simulate a connector termination, as shown in Figure D.7. During andrafter the
temperpature cycling, any change in attenuation is recorded.

Method F12 of IEC 60794-1-22 [13] describes temperature cycling of a shoftlength of cable
intendgd for connectorisation. It does not specify a connectorised assembly~Rather, it simulates
the caljle portion by fixing the ends so that they cannot move. Thus, it assesSes the attepuation
portion| of the assembly under a no-shrink/no-end movement condition. In the IEQ cable
specifitations, no test methods are included for testing connectorised\cable assemblies

.

o —»

IEC

Key

-

attenuation measurement device
templerature chatrber
cablg samples-typically 10 m

all cgble etements fixed at both ends, e.g. with glue

£l
HOTe

optice

o o A W N

fibre connection (e.g. splice)

Figure D.7 — Test arrangement for method F12

The recommended test parameters for change of temperature testing are listed in Annex J. The
allowable change in attenuation at the critical wavelength should be specified and measured
where the fibre is most sensitive to stress [7]. For cables with single-mode fibres, the change
in attenuation should be measured at 1 550 nm or 1 625 nm depending on the wavelength used
in the application. For graded-index multimode 50 ym fibres, the change in attenuation should
be measured at 850 nm, unless another wavelength is used in the application. The acceptance
criteria for the change in attenuation during and after the test should be specified by the
customer. If no requirements by the customer are specified, then the specified values in
IEC 60794-2-50 [17] should be used. Failing to meet the optical requirements mean that the
cable is not suited for the application in the tested operating environment.
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Annex E

(informative)

Recommended tests for performance evaluation

of cables to be terminated with hardened connectors

E.1 General

Annex E describes termination case no. 2 listed in 8.2 where hardened connectors are directly

terminated onto cable ends, as shown in Figure E.1.
Connector Fixed strength
housing member(s)

Insert\

or buffered fibre

Harderled connectors are used in outdoor environments (see IEC 61753-1 [23]) and in

applicgdtions.

E.2 [Connector types and design

Many different connector types-and designs exist on the market varying in the number of
the siz¢, the shape and material of the housing, the type of coupling mechanism, the mec
strength, the level of ingress resistance, etc. Some hardened connector types use inser
as the LC duplex, MT(ferfules or others as well as specifically designed inserts.

For making a connection, two connector variants are often required: a plug and a
(male/female 'system). In Annex E, a hardened connector plug is considered, as sh
Figure |E.1that includes a housing for protection of the inserts and exposed fibres or b

fibres gndAor cable fixing.

Primary coated fibre Fixed cable

sheath

Figure E.1 — Cable terminated ‘with hardened connector

IEC

justrial

fibres,
hanical
s such

socket
own in
Uffered

E.3 Cable types for hardened connectors

Typically, outdoor cable types containing single buffered fibres or with multi-fibre loose tubes
are terminated into hardened connectors, but breakout and indoor-outdoor cables may also be

used.

E.4 Termination of a cable to a hardened connector

Hardened connectors are terminated to the manufacturer’s instructions. Typically, the inserts
are terminated at the cable ends and the optical end faces are finalised. Subsequently, the
inserts are mounted into the connector housing.
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E.5 Overview of recommended cable tests

Table E.1 lists the recommended tests for cables to be used with hardened connectors. All the
tests marked with "recommended" in the third column of Table E.1 are recommended to be
specified and those marked with "indicator" can be used optionally. The last column in the table
provides information about the tests and the application. The importance of a change of
temperature with attenuation measurement test is especially highlighted.

Table E.1 — Recommended tests for cables
to be terminated with hardened connectors

Typo-of-test Test-method Use-of-test DnmarlllAP.PI.i.cﬂtion
Change|of temperature with |IEC 61300-2-22 [22] Recommended Hardened connectols
attenuation measurement; should be within'the)
Cable tgrminated with temperature chambgr
hardened connectors

Sheath pull-off force IEC 60794-1-21, E21 [12] |Recommended

Buffer njovement IEC 60794-1-21, E22 Optionally recommended If\hardened connectpr

cannot compensate |buffer
movement caused bly
inserts during matinp

Stripping length of buffered |IEC 60793-1-32 [10] Recommended Required length degdending
fibres on insert type used
Stripping length of fibre Not available Recommended Required length degdending
tubes on hardened connegtor
used
Change|of temperature with |IEC 60794-1-22, F12 [13]; |Indicator (optional) Gives an indication pf
attenuafion measurement; |[see Clause D.7 optical performance|for the
Cable tgsted with fixed evaluation of possibje cable
cable elgements types
Cable slhrinkage (fibre See 9.4.2 Indicator (optional) Useful for evaluation of
protrusign) possible cable typeg

E.6 [Environmental performance of a terminated cable

The mfain environmental performance of a terminated cable is the optical transmission
performance during exireme temperature changes. A set of cable samples terminate¢d with
connedtors should be tested using temperature cycling according to IEC 61300-2-22 [42] with
opticalftransmission-monitoring. During and after temperature cycling, the change in attepuation
is meapured at the specified wavelength(s). Annex J provides recommended test pargmeters
for chajnge of-temperature testing.
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Annex F
(informative)

Recommended tests for performance evaluation of cables
fixed into a module and fibres terminated with connectors

F.1 General

Annex F describes termination case no. 3 listed in 8.2 where connectors are terminated onto
the fibres or buffered fibres of cables. After connector termination, the cable end is fixed at one
side offa module, the fibres or buffered fibres are put into the free space in the module and the
connedtors are plugged into the adapters. Connectors used are for an indoor contrglled or
outdoof protected environment (see IEC 61753-1 [23]) and are described in more~detail|in D.2.
Figure |F.1 shows the cable terminated to connectors and fixed into a module.

Module Fixed strength
Adaptor Connector  housing member(s)

.

Cable

Primary coated fibre \'Fixed tube Fixed cable

or buffered fibre sheath
IEC

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

F.2 [Connector types and design

See Clause-D.2.

F.3 Cable types

Typically, indoor cable types containing multiple fibres, multiple buffered fibres or one multi-
fibre loose tube are used for termination to modules.

F.4 Termination of a cable to a module

The fibres or the buffered fibres are terminated to connectors as explained in Clause D.4 but
no aramid yarns and no cable sheath need to be fixed at the rear of the connector. The optical
end faces of all connectors are finalised. Subsequently, the cable end is fixed at one side of a
module, the fibres or buffered fibres are put into the free space in the module and the connectors
are plugged into adapters.
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Table F.1 lists the recommended tests for cables to be used with modules and fibres terminated
with connectors. All the tests marked with "recommended" in the third column of Table F.1 are
recommended to be specified and those marked with "indicator" can be used optionally. The
last column in the table provides information about the tests and the application. The importance
of a change of temperature with attenuation measurement test is especially highlighted.

Table F.1 — Recommended tests for cables fixed

into module and terminated with connectors

Typo-of-test Test-method Use-of-test RoemarkiApplication
Change|of temperature with |IEC 60794-1-22, F1 [13] Recommended -
attenuation measurement
Stripping length of buffered |IEC 60793-1-32 [10] Recommended See IEC60794-2-5Q [17]
fibres
Stripping length of fibre Not available Recommended Required length degending
tubes oni.module used
Change|of temperature with |IEC 60794-1-22, F12 [13]; |Indicator (optional) Gives an indication pf
attenuafion measurement; |[see Clause D.7 optical performance|for the
Cable tgsted with fixed evaluation of possibje cable
cable elements types
Cable slprinkage (fibre See 9.5.2 Indicator (optional) Useful for evaluatiof of
protrusign) possible cable typeg
F.6 [Main performance of a terminated cable
The main performance of a terminated cable is the optical transmission performance|during
environmental variations, i.e. during tempgrature changes. For that purpose, cables should be
tested pising temperature cycling according to IEC 60794-1-22 [13], method F1. During anfd after
temperature cycling, the change in"attenuation is measured at the specified wavelength(s).

Annex

J provides recommended. test parameters for the change of temperature test.
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