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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 17: Safety aspects for use of passive optical components

and optical cables in high power optical fibre communication systems

EOREWORD

Thie International Electrotechnical Commission (IEC) is a worldwide organization for st ation.comy
alll national electrotechnical committees (IEC National Committees). The object is) o pr
international co-operation on all questions concerning standardization in the electfical and electronic fiel
this end and in addition to other activities, IEC publishes International Stangd
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; a
in |the subject dealt with may participate in this preparatory work.
gopernmental organizations liaising with the IEC also participate in fkj
wifh the International Organization for Standardization (ISO) in Zccorda
agfeement between the two organizations.
Thie formal decisions or agreements of IEC on technical matte ,
copsensus of opinion on the relevant subjects since eac ) itteg has representation fr
interested IEC National Committees.
IEC Publications have the form of recom
Cdmmittees in that sense. While all reas6gabl
Publications is accurate, IEC cannot be he
mikinterpretation by any end user.
In
traj
be
thg
IE Independent certification bodies provide conf|
asp marks of conformity. IEC is not responsible f
se
All t edition of this publication
Ng li / employees, servants or agents including individual exper
mq C National Committees for any personal injury, property dam
oth S / whether direct or indirect, or for costs (including legal feef
ex the pub catlon, use of, or reliance upon, this IEC Publication or any othg
Pu
Atfentio ormative references cited in this publication. Use of the referenced publicati
indi pplication of this publication
Atfention is™dawrn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights” IE€ shall yot be held responsible for identifying any or all such patent rights.

The maijn task of IEC technical committees is to prepare International Standards. HoweV

ical.committee may propose the publication of a technical report when it has coll
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example "state of the art".

d, for

IEC 60825-17, which is a technical report, has been prepared by IEC technical committee 76:
Optical radiation safety and laser equipment.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
76/425/DTR 76/435/RVC

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

A lis{ of all parts of the IEC 60825 series, published under the general
produicts, can be found on the IEC website.

The gommittee has decided that the contents of this publication
the gtability date indicated on the IEC web site under "http:/fweb
relat¢d to the specific publication. At this date, the publication

gconfirmed,

* withdrawn,

gplaced by a revised edition, or
* amended.

]
—

]
-

A bilingual version of this publication m

laser

until
data
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INTRODUCTION

The rapid growth of applications such as the internet and business intranets requiring high
bitrates has caused a dramatic increase in the need for high capacity data connections. This
increase in capacity has resulted in a requirement for a corresponding increase in power
levels used in optical fibre communications systems. There are a number of areas of concern
including the use of erbium doped fibre amplifiers (EDFA), high power dense wavelength
division multiplexing (DWDM) systems, and Raman amplification.

The power levels associated with these systems are typically greater than 500 mW
(i,e. C i ifi
powegrs. These additional thermal and related hazards mean that it is necessary to address a
number of new issues. It should be noted that the vast majority of these

mode fibre.
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SAFETY OF LASER PRODUCTS -

Part 17: Safety aspects for use of passive optical components

and optical cables in high power optical fibre communication systems

1 Scope

This |part of IEC 60825 recommends safety measures to protect against effects cdused

exclysively by thermal, opto-mechanical and related effects in passive /optice
and gptical cables used in high optical power fibre communication syste

This [technical report does not apply to the use of high power optjcak systems |
atmoppheres or the use of optical fibres in material processing mashines)\ Fhxougho
of IEC 60825, a reference to ‘laser’ is taken to include light-emitting di

ampl|fiers.

2 Normative references

The following referenced documents ;
For dated references, only the edition
of the referenced document (including a s) applies.

IEC 60825-1:2007, Safety of laser \pro F 1: Equipment classification

requfrements

IEC $0825-2:2005, Sa i art 2: Safety of optical fibre communig

systdgms (OFCS)
IEC/TR 61292-4, ;;

dama

IEC/]
modd

3 71

3.1
automatic laser shutdown (ALS)

@a application of this document.
Fordindated references, the latest e

hents

Dsive
part
btical

Hition

and

ation

I the

ngle-

tech ique (proceaure) to automaticauy Sutaowrn tne output powerl Ol Taser transmitters and

optical amplifiers to avoid exposure to hazardous levels

3.2
automatic power reduction (APR)

technique (procedure) to automatically reduce the output power of optical amplifiers to avoid

exposure to hazardous levels

3.3
automatic power shutdown (APSD)

technique (procedure) to automatically shutdown the output power of optical amplifiers to

avoid exposure to hazardous levels

NOTE In the context of this technical report the term APSD is equivalent to the term ALS.
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3.4

optical fibre communication system (OFCS)

an engineered, end-to-end assembly for the generation, transfer and reception of optical
radiation arising from lasers, LEDs or optical amplifiers, in which the transference is by means
of optical fibre for communication and/or control purposes

3.5

loss of continuity (of an optical link)

any event which may cause hazardous optical power levels to be emitted from some point
along the path of an optical transmission system

NOTE| Common causes of loss of continuity of an optical link are a cable break, equipment failure, conpector
unplugging, etc.

3.6
high|optical power
an optical power of 500 mW or greater (in the context of this technical re

NOTE|1 500 mW is recommended partly as it is the breakpoint betw 3N ase ely to
causelfire) and Class 4 laser products (may cause fire).

NOTE|2 Studies have shown damage is significantly more likely a e v, s also
been ghown to occur at powers as low as 200 mW - see references

3.7
hazayd level

el of
.g. a

the pgotential hazard at any accessible
opticpl radiation which could become
fibre [cable break. It is closely related t©

[IEC [60825-2, definition 3.

3.8
unreptricted Io
locat|lon with unrestfi

an agcessible loc
genefal public

no measures restricting access to members df the

[IEC [60825-2, definitiom\3:

3.9
restricted loeg

locat|on with(restricted>access
an agcessible locatign that is normally inaccessible by the general public by means of any
admipistrative or engineering control measure but that is accessible to authorized perspnnel
who may’not have laser safety training

[IEC 60825-2, definition 3.14]

3.10

controlled location

location with controlled access

an accessible location where an engineering or administrative control is present to make it
inaccessible, except to authorized personnel with appropriate laser safety training

[IEC 60825-2, definition 3.13]

1) Figures in square brackets refer to the Bibliography.
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3.11
class of laser product
see [EC 60825-1, sections 3.18 to 3.23 for definition of ‘class of laser product’

4 Recommendations

4.1 General considerations — the background to optical fibre damage at high powers

When optical fibres are operated at high power levels (typically > 500 mW), fibres and optical
connectors can be damaged. In optical communications systems the optical power is

transpitted——GCW-—mede age is
predmlnantly caused by thermal mechamsms It has been shown that s $ can
causg high optical power-induced damage of single mode fibre syst ding, to [fibre

failures. Systems employing high optical power operation in fibres,
and |attenuators thus carry additional safety concerns. xamyple, 4 eating in
contgminated connectors/attenuators carrying high optical power € a P igl fire
hazard to surrounding materials, depending on the flammability 6

IEC/TR 61292-4 provides extensive guidance on the following

— fipre fuse and its propagation;
— lgss-induced heating at connectors or splices;

— copnnector end-face damage induc

- fi

Studies [3] on tight fibre bending at hig \ i i and
catas i in implicati g that
damdge testing must be garried g [ i were
condpcted over short times [ 'ng 0 inegrrect conclu5|ons IEC/TR 62547 should

be followed for the meas
ing for

As djscussed b
potential damage™é ibrium

tempIeratures are esta i quickly, allowing the consequences of high power to
be r } i i

expop e fi be_high power at or near to the bend. Coating ageing occurg at a
rate in gunch power, environmental conditions and coating resilignce.
New i ib re a
poss i 5€ Se tion 2.5 in [8]). However, for extreme situations more redilient

coati

The Jong-term damage effects of high power in other optical components, described for
exan|ple-in’ 4.5 and 4.9, show the need to consider the implications of high power dafage
resedarch, as discussed in IEC/TR 62547

4.2 Additional recommendations for automatic power reduction (APR)

Extra recommendations for automatic power reduction (APR) are made because APR will
become more critical in systems where fire, fibre and connector damage, and other hazards
are possible if fibre is mishandled. These recommendations may include additional network
management and administrative controls, electrical connectivity testing for higher reliability of
APR, and others. Systems employing high optical power operation in fibres may necessitate
the incorporation of automatic power reduction within one section of a main optical path in the
event of recovery from the loss of optical power within that particular section of the main
optical path.
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Automatic power reduction should be specified and shown to have a high level of reliability for
systems using high optical power operation in fibres at all installed locations. IEC 60825-2
describes an ‘adequate’ level of reliability for APR systems (500 FITs).

NOTE IEC 60825-2 defines FITs as “an indicator of reliability defined as the number of failures per 109 h.”

Automatic power reduction should take into account all optical signals present in both
directions on the optical path, as described in the following excerpt reproduced with
permission from Recommendation ITU-T G.664 (1999), Optical safety procedures and
requirements for optical transport systems):

Levels defined in IEC 60825-2. The total power is the sum of
direction from all optical channels, the power from all pump-las
Optical Auxiliary Channels (OAC), if used. Within the conte is R sndation,
an Optical Supervisory Channel (OSC) is regarded as a spgci 3

btical
5t be
ower

extra

care to ensure safe optical i iti &vhi ower

B inj i i bles.

olled

locations) 3 adie | and

potential additional<haz e i i cally

increased absorp{i S 2 i rther
guidance is prov

Distributed@\ 3 ue to

the possible pq hlgh

ectlons are at safe levels, it is necessary to reducg the

main optical signal sources but also from all pump lasers
\ s yeverse pump lasers. Because the operating wavelength gf the
Iases is usually different from the actual data signal, sepprate
b\vayious wavelengths may need to be made both at pump [aser

ITU-T G.664 Appendix I1.3 describes automatic laser shutdown (ALS) and restart procedlures
for sjngle channel synchronous digital hierarchy systems with the additional presenge of
opticaamptificatiomn:

Operational aspects of APR should also comply with all relevant subclauses in
IEC 60825-2:2005, notably 4.5 (“Automatic power reduction (APR) and restart pulses”) and
4.5.4 (*Disabling of the APR”).

4.3 The need for additional user information and its recommended format

Due to the potentially increased hazards arising from higher optical powers, additional user
information may be needed. This subclause describes possible extra requirements that may
be placed on manufacturers, operating organizations and users (including extra training,
additional user manual requirements and others). Manufacturers of high optical power OFCS,
turnkey end-to-end high optical power systems or subassemblies intended to be incorporated
into high optical power systems should ensure that the equipment satisfies IEC 60825-2 and
the applicable advice of this technical report.
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The organization responsible for the installation and servicing of high optical power OFCS
should follow the manufacturer’s instructions for installation of equipment in a manner that will
ensure that the accessible radiation satisfies the applicable requirements of IEC 60825-2 and
the recommendations of this technical report, under all reasonably foreseeable conditions.

The operating organization has the ultimate responsibility for the safety of the high optical
power end-to-end system. This includes the determination of the location type (defined by
IEC 60825-2) at all accessible locations of the entire high optical power OFCS and ensuring
that access to any location is appropriately controlled with respect to laser safety. In addition
to the required markings of IEC 60825-2, it is suggested that hazard levels 2, 2M, 3R and 3B
locations in a high optical power OFCS should bear the label shown in Figure 1 of
IEC 60825-T1.

At any location in a high optical power OFCS where access to a fibre/egd or a“gonhecior is
foreseeable, instructions should be provided to the operator or othe ihg acfess.
Thesg instructions should include directions to avoid direct exposurg to la rati I1 may
also pe necessary to consider the need for the use of appropriatedas

Only|persons who have received appropriate training in opftical fipre high power hazards
(opti¢al powers in excess of 500 mW is suggested) should C rate high optical
powdr OFCS.

Thosg persons responsible for ensuring that all ired mahkings, protection and safegliards
are iphcorporated in a hazard level 3B i i i al power OFCS should |have

received appropriate training in laser sa

In high optical power systems, losses due_to higl ver absorption can produce eleyated
temperatures which cause damage and poQssi ignition. Therefore, those persons ddaling
with |optical componentsdntende S h optical power systems, i.e. connegtors,

attenuators, collimator ) . eceived appropriate laser safety trgining
accofding to IEC 60825-2 and\|IEC/1 —

Instruictions sh arsonhel handling connectors in high optical pgower
loWipg ar !

systgms. The fol

Conrjector end-fas Do not touch connector end face, and clean|each

connection with appropriate cleaning technigpes.

ConnectiQ Caution; note any anti-rotation keys or similar
locating features.

Dust|cap: It is recommended that dust caps be removed
only during operation (to protect connectors|from
contamination).

Bending and twisting: Exercise care when handling cables — avoid all
unnecessary bending and twisting. Take extra
care when (e.g.) unwinding cables from drums

Test/Check: Checks should be made for any contamination or
damage to connectors or fibre ends. A high
magnifying power viewing microscope (with
approved attenuating filters to eliminate the
possibility of eye exposure to unsafe levels of
optical radiation) or an indirect viewing instrument
should be used. Use only approved attenuating
direct viewing magnifying instruments.
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IEC 61300-3-35 provides guidance on end-face
inspection, and IEC/TR 62627-01 on cleaning.

NOTE It is the responsibility of the user, his or her
employer, the Laser Safety Officer or the manufacturer to
determine an appropriate level of attenuation.

Personal safety: It is recommended that high power lasers be

powered down before opening connectors or
commencing splicing procedures. The
recommendations of this document do not
supersede those in IEC 60825-1 or IEC 60825-2.

Fron{ face of cable & connector protection: Where practical, power the rcise
care when cleaning.

M are

cons y be

hazaf in the

bean).

The
prec
in th

4.4
4.41

and detailed sgafety
should be contained

Optidg
the

ce of
nsity.
ess of 1 000 °C) can cause a tension grack
fibre can also be caused by a rapld vaporization

nitiate a catastrophic failure in the core area of the
along the cable. This process may reach tempera’ltnures
ake

ossible. In the 'fibre fuse', the optical fibre can be destroyed at

s(OVer g Iength of several hundred metres (depending on the laser pgower

present). ; S ibre melting, the high temperatures reached also pose a risk qf fire

matching or other fluid or gel filling, isolation material, and any

new

provide minimum attenuatlon of the transmltted signal but minor losses can be caused by
mismatch of the fibre core parameters (e.g. numerical aperture/diameter) or lateral/angular
misalignment. Energy lost due to fibre misalignment may not necessarily reduce connector
reliability, as the energy is dissipated through fibre cladding — however this dissipated energy
may cause heating in the adhesives and/or the ferrule.

If shuttered connectors are used, then the temperature rise on the surface of the shutter,
flammability, and exposure time of the shutter to high optical power on the shutter material

must
meta

be considered and the shutter must be made of an appropriately robust material such as
l.
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4.4.2 Contamination particles

Cleanliness of the connectors is very important. Contamination particles at the connector
interface can absorb energy and convert it to heat, thus causing the temperature of the fibre
to rise above the melting point of silica and failure of the connection. The most harmful
contaminants are solids such as those produced by wear of alignment sleeves, and also dust
and similar particles from the environment. It is suggested that zirconia sleeves are used for
higher powers as these generate a lower level of contamination than metal sleeves.

To avoid these problems, a connector carrying high optical power signals should be as clean
as possible. A visual inspection of the ferrule's end-faces before every mating is
recommended—Whenthe—conmectors—are dcllldtcd, a plutcutiun cap stroutd—be—fitted—tp the
ferrules to avoid any contamination. The mating adapter or bulkhead copmector sheuld| also
have|a protection cap. The protection caps should be kept clean at all i Cross
contgmination.

4.5 | Splicing, polishing, and cleaning of connectors and fibre, & i ardtion

4.5.1 General

As in 4.4, the high optical power density present at uptermi i . y are
prepared for splicing) may cause damage, and as th mW,
this becomes increasingly likely. APR techniques i ¢ ver if
systgms are to be worked on live for splicing, or’a j adrainistrative controls may be
appropriate (to ensure power is shut do & WO > sues
must| be considered including cleaning wit hese

clearling solvents). Fibre polishing tec i i erally
recomnmended that fibres carrying high

Any dirt, grease or imperfécti i ng of
conngctors. For a reli i it isM ce is

accufately aligned to loss
conngction is a mec [ btical
conngctors ma n or
mechanical stress W siOn_ splicing is generally the most reliable and effgctive
methpd of joining fjb arrving_high.powers.

For all high i \ ctors
should be rigoro X t on
conngectorsswhen | ' is switched off or the laser power in the fibre has been reduckd to
an appropdi Al . Care should also be taken since the vapour of a cleansing aggnt or
dust can po i age the fibre or core end. Signal loss from splices or bends should be

reduged in all lotations of the system.

4.5.2 Fibre in a splice tray

See also IEC 60825-2.

When using high optical powers, it may be necessary to carry out a hazard assessment for
polishing, cleaning, and fibre preparation. Appropriate APR, shuttering and splicing controls
should be considered and implemented with respect to the potentially increased hazard level
and the location of the OFCS using high optical powers.

These controls may include:

¢ mandatory depowering of fibres when work is carried out;
¢ mandatory depowering of fibres during splicing;

e access controls (such as restricting access to specified persons);
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e segregation of fibres carrying optical high powers from standard fibres;

¢ extra mandatory fibre and cable handling precautions.

4.6 Other fibre core damage, coating or cladding damage and damage to adjacent
services

Damage to optical fibres can also be caused by excessive bending or other mishandling,
including possible melting of the core (potentially even resulting in risk of fire and explosion).
In OFCS using high optical powers it has been shown that fibre bends (where the bend radius
becomes tighter from 30 mm to 3 mm) causes an increasing risk of fibre damage and
catastrophic failure, both in the long term (over hundreds of hours) and — when fibre is bent at
the spmattestbend Tadius = atmostinstantaneousty:

As [l as 'acute' damage issues, 'chronic' damage caused by slow deg| adat|o of the|fibre
over many hundreds of hours is of concern, with the optical loss in the hsing
and fibre routes of many kilometres potentially becoming unusables t can
destroy fibre, and monitoring of fibre loss may be needed over h . Hibres
are ¢xpected to age over time with possible increases in IQ ased

potential for triggering the fibre fuse effect.

Fire hazards due to build-up of flammable gasses i inspectio 3 ones
below ground may also be a serious issue. It may a ing in
chambers through which fibres carry high powers i bel ng carried out in tfhese

chambers, and when work is to be ca
power fibres and when there is signifita

high

See also IEC/TR 61292-4 and IEC/TR

4.7 | Degradation or buin-

are

Currgnt working pract _
I ough

unteqminated. With the
and its potential ;

Protgctive caps, sh gchanisms used on connectors should have adequate
resisfance to bur b er beams. They should be made of material not Jikely
to cqtch fire, st metal (for example, aluminium may not be a suitable shutter
material).

4.8 | Potentially ed beam profile resulting in an increased optical hazard

4.8.1

In OFCS\using higher optical powers, the beam emerging from the fibre may be expanded
and/¢rcollimated. Traditionally, the beam emerging from a fibre is a divergent cone, nornally
resulting in the eye intercepting considerably less power than the total power emerging from
the fibre (however, it should still be noted the power may be sufficient to cause injury). One
technique for mitigating the hazards to connectors and fibre arising from high optical power
densities is to expand and then collimate the beam, thus reducing power density. If the
emerging high power beam is collimated in this manner, the protection to people (afforded by
diverging beams) may be reduced or even totally lost. This subclause addresses issues
arising from the use of connectors with inbuilt lenses which produce such a collimated beam.

Other risks may include the use of direct viewing fibre microscopes, which might present a
hazard even if an attenuating filter is used in the microscope. However, recent studies have
shown that in most cases the use of high magnifying power viewing aids does not increase
the hazard. Nevertheless, it is recommended that indirect viewing aids (IVAs) be used to
examine high power fibres and components.
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4.8.2 High power expanded beam connectors

Even after cleaning, small particles may be overlooked with an inspection microscope, and
these could cause the connector to fail. The only way to eliminate this risk is to reduce the
power density at the connector interface by enlarging the beam diameter (as discussed
above). Typically, expanded beam connectors that use collimating lenses are constructed with
rugged bodies suitable for use in harsh environments, and provide high insertion loss values.
One method is to use a piece of gradient index fibre (GRIN fibre) instead of an external lens
to collimate the beam. This method allows the expanded beam system to be integrated in a
standard 2,5 mm or even a 1,25 mm ferrule. The lens will collimate the mode field diameter
from e.g. 11 um to 44 ym (and the beam may be angled at 2° from the f|bre axis foIIowmg

ctors
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beloV . , i 2 q gnger distance thian is
gene gnil
NOTE e field
diamefe el and
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4.8.3

djacent to fibres and/or connectorg in a
high pptical power system = 0N ste flammability rating, if the optical gower
carriegd by the fibre is iG igh R\Wis suggested) to result in an increasef fire
risk 1o the opticak fibke '-‘ fo\surrounding materials or equipment). This agplies
throughout theé% : [ sary that hazards from high powered optical
communications ¢ arrying other utilities are taken into account.

4.9 of attenuators, collimators, splitters and other
Care| shg 8 at the cleanliness of optical components for use in a high optical
powdr sy i somppomised at any time from manufacture to installation. The polished

end r actor’ should not be touched or handled, and should be cleaned only with
appropriate techniqueg according to recommended instructions.

Every connection should be checked for cleanliness and/or damage with a high power vigwing
microscepe—{with-an-attenuaterto+educe—optical-powerto-a-safetevelforeyeviewinginicase
the fibre is accidentally powered up) or an equivalent indirect viewing aid. It is recommended
that connectors, fibre ends prepared for splicing and similar be checked for cleanliness before
making a connection or splicing. It is also recommended that these be checked before high
power is applied to the system. Materials used for optical components intended for use in high
optical power systems, i.e. connectors, attenuators, collimators, shutters, etc. should also
have the appropriate flammability rating.

Some optical passive components — for example, plug style optical attenuators using metal-
doped fibres, containing optical power absorbing materials — are poorly resistant to high
optical powers. According to high power evaluations and thermal simulation, the allowable
maximum power to maintain long term reliability for SC type (IEC 61754-4) plug style fixed
optical attenuators (5 dB attenuation), is around 300 mW. That maximum power depends on
the attenuation value and care should be taken when using high optical powers. TC 86 is
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currently discussing the issue of temperature rise over a range of powers and plans to issue
technical reports on this subject in the near future.

Note that damage testing of passive components (e.g. fibre splitters) may be necessary over
quite long times at high powers to ensure that the packaging materials (and coatings) do not
fail under high power operation. Well documented experiences of the ageing of coatings of
fibres in tight bends under high power have shown that catastrophic effects can occur after
hundreds of hours [3]. Coating ageing has been seen to be the trigger for catastrophic failure;
the use of thermal imaging cameras as described by Bigot-Astruc M et al [4] and in
IEC/TR 62547 has shown that equilibrium temperatures can be a good indicator of lifetime
and such cameras can be used to reduce the time required for high power evaluation and
dam 5 ; hture
dependent, thus ambient environmental conditions may affect compone esilience{ see
Sikorna et al [5].

4.10| Additional labelling

The possible extra hazard due to increased optical powers | bvide
extrallabelling and more user information over and above that specified}

It mgy be necessary to use additional labelling to d tenti i i wers
pres¢nt in the fibre and thus the potential for fibre/or geennestordamage, b the
cladding (or even damage to adjacent low powe 5 i igl fire

hazafds is recommended if the optica e fi ~500 mW. Alternat|vely,
rigorpus administrative controls (su€ & to locations where | high
powdrs are present) may be used. Additiona d assessment may be neede¢d to
detefqmine if optical components intendet S Righ optical power systems should be
labelled separately according to the applic Z el defined by IEC 60825-2.

4.11| Potential problems arisi

To rgeduce potential danmags i i e to incompatibility of core/cladding sige or
problems with ¢ ' S everal solutions have been suggested. These
incluge the use@ age resjstantfibres™dsing novel construction (so-called 'holey' fihres),
or figres with differep 3 corelcladding refractive index ratios. One design uses & low
refragtive index fipfe i in”leaky radiation within the fibre cladding. This pfoved
to bg an effectlv i alimivating coating ageing at bends under high power. However,
dowrstream ts may be compromised (see IEC/TR 62547).

Ther¢ rx issues arising from the use of these new fibre types sudgh as
difficplties™ iGi existing conventional fibre and the failure of light to propagate
effeclively betiwgen different fibre types. Documentation or user guidance should be sugplied
with [these_nevel fibres, explaining the improved damage resistance of the fibre, and any
potential @ifficulty in interfacing with conventional fibre types.

4.12 ~Tdentification of non-standard damage-resistant fibres

It may be necessary to require additional identification of new or non-standard fibres so that
manufacturers, users and operators are aware of the issues of splicing these fibres and
connection of them to conventional OFCS. Changes in the beam divergence of open fibres
and other features which can affect the hazard from opened or fractured optical fibres should
also be considered.

Optical fibre cables carrying high power provided as part of an OFCS should comply with
IEC 60794-1-1. They should not present a hazard in the context of this technical report,
whether they are detachable or not and including the hazard from fibre fracture. For optical
fibore cables intended for high power use and supplied as stand-alone cables, the
recommendations of this subclause are optional and may be met at the discretion of the
manufacturer.
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