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Publication IEC 60825-2 (Third edition — 2004 and its amendment 1 — 2006) I-SH 01

Safety of laser products — Part 2: Safety of optical fibre communication systems (OFCS)

INTERPRETATION SHEET 1

This interpretation sheet has been prepared by TC 76: Optical radiation safety and laser

equipment.

The text of this interpretation sheet is based on the following documents:

ISH Report on voting
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IEC 60825-2:2004-06/ISH2:2018-06(en-fr)

IEC 60825-2:2004/ISH2:2018 © IEC 2018 -1 —

INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 60825-2
Edition 3.0 2004-06

SAFETY OF LASER PRODUCTS -

Part 2: Safety of optical fibre communication systems (OECS)

INTERPRETATION SHE

This intgrpretation sheet has been prepared by IECtechni 8 76: Optical nadiation
safety and laser equipment.

The tex{ of this interpretation sheet ishas @h/ekol
Re

FDIS
7ei590/FDls (T 78608/RVDISH

a;w(ﬂisinterpretation sheet can be found in the

Full infgrmation on thepyoti
report on voting indica

IEC 608
1400 n

014) introduced a new formula for C; between 1200 pm and
a significantly increases the AEL of class 1 in this wavelength rapge.

The new formula for C, in IEC 60825-1 Ed. 3.0 should not be used within IEC 60825-2| Ed. 3.2
(2010) because it may lead to excessive power limits, for example within Hazard Level 1.
Note e) to Table A.1 of IEC 60825-1 Ed. 3.0 states that: “In the wavelength range between
1250 nm and 1 400 nm, the limits to protect the retina given in this table may not adequately
protect the anterior parts of the eye (cornea, iris) and caution needs to be exercised. There is
no concern for the anterior parts of the eye if the exposure does not exceed the skin MPE
values.”

IEC 60825-2 Ed. 3.2 Clause 2 (normative references) contains a dated reference to
IEC 60825-1:2007 in which the correction factor C; was set equal to 8 within the wavelength
range of 1 200 nm to 1 400 nm. This dated reference in the normative references section is
technically sufficient for the correct interpretation of IEC 60825-2 Ed. 3.2, even though
undated references to IEC 60825-1 occur in other clauses. This interpretation sheet is
therefore provided as an additional warning and prompt for users of IEC 60825-2 Ed. 3.2.
Accordingly, within the wavelength range 1 200 nm to 1 400 nm the formula C; = 8 is still to
be used within all affected clauses of IEC 60825-2 Ed. 3.2.

ICS 31.260; 33.180.01
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This interpretation sheet will remain valid until a new edition of IEC 60825-2 is published.

NOTE Exposure limits for the eye and the skin of employees in the workplace and the general public are in many
countries specified in national laws. These legally-binding national exposure limits might differ from the MPEs
given in the informative Annex A of IEC 60825-1 Ed. 3.0.

@C@
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -
Part 2: Safety of optical fibre communication systems (OFCS)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this ehd and in addition to other activilies, TEC publishes International Standards, ifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides (here as “IEC
PubI| atlon(s) ). Their preparatlon is entrusted to technlcal committees; any IEC nterested
and non-
goverpmental organizations liaising with the IEC also participate in th|s prepa 23 closely
with the International Organization for Standardization (ISO) in accordan Wi i mined by
agreefnent between the two organizations.
The fqrmal decisions or agreements of IEC on technical matters expregss, at Q i intprnational
consephsus of opinion on the relevant subjects since each technical con from all
interegted IEC National Committees.
National
nt of IEC
Publigations is accurate r for any
misinterpretation by any end user
In order to promote international uniform blications
transgarently to the maximum extent possik vergence
betwegn any IEC Publication and the correspending indicated in
the lafter
e for any
equipment declared to be i
All users should ensure
No liapility shall attach fto I¥E { perts and
rs of its teghpica commlt 8 amage or
other [damage u@, P fees) and
expenises arising\out ¢ i e\ of, or reliance upon, this IEC Publication or any ¢ther IEC
Publidations.
8) Attent ications is
indispe
9) Attent subject of
pater
Internat iftee 76:
Optical
This thifd.edition cancels and replaces the second edition published in 2000. It consfitutes a
technicat—reviston to bring the hazard tevel nomenciature used In this document into

correspondence with the revised classification system introduced in IEC 60825-1(2001).

Additionally, the standard has been thoroughly revised throughout.

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

FDIS Report on voting
76/288/FDIS 76/293/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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IEC 608

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:

Part 7:

25 consists of the following parts, under the general title Safety of laser products:

Equipment classification, requirements and user's guide
Safety of optical fibre communication systems (OFCS)
Guidance for laser displays and shows

Laser guards

Manufacturer's checklist for IEC 60825-1

Safety of products with optical sources, exclusively used for visible information
transmission to the human eye

Safety of products emitting infrared optical radiation, exclusively used for wireless

Part 8:
Part 9:
Part 10:
Part 12:

Part 14

The con
the mai
the datsd

s reco
* with
* repl
*+ ame

A biling

The con
copy.

free airdata transmission and surveittance

Guidelines for the safe use of medical laser equipment

Compilation of maximum permissible exposure to incohere

information

A user’s guide

nmittee has decided that the 3 i icaf) ed until
htenance result date indicated S c.ch" in

nfirmed;
drawn;

ced by a revised
ded.

hal versi@ ol

tents of th ncluded in this
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SAFETY OF LASER PRODUCTS -

Part 2: Safety of optical fibre communication systems (OFCS)

1 Scope and object

This Part 2 of IEC 60825 provides requirements and specific guidance for the safe operation
and maintenance of optical fibre communication systems (OFCS). In these systems optical
power may be accessible outside the confinements of transmitting equipment or at great

distance-frem-the-optical-souree-

This Paft 2 requires the assessment of hazard levels at accessible 10g cement

for claspification according to IEC 60825-1. It applies to the com -to-end

OFCS, including its components and subassemblies that genergte diation.

Individu boration

into a c nce the

final OF

NOTE T Esemblies

from usin

This stz optical

power f

In addit to other

hazards, such as fire.

This standard does not ad spect to

OFCS deployed in exp|Qsi

Throughout this ps t O emitting

diodes (LEDs) a

The objective of thi

— prot

—  provf izations
and [¢ htion so
that

— ensyre adeguate ‘warnings are provided to individuals regarding the potential hazards
assqciated with~OFCS through the use of signs, labels and instructions.

Annex A gives a more detalled rationale 1or this part of IEC 6U&Z95.

The safety of an OFCS depends to a significant degree on the characteristics of the
equipment forming that system. Depending on the characteristics of the equipment, it may be
necessary to mark safety relevant information on the product or include it within the
instructions for use.

Where required by the level of potential hazard, it places the responsibility for the safe
deployment and use of these systems on the installer or end-user / operating organization or
both. This standard places the responsibility for adherence to safety instructions during
installation and service operations on the installation organization and service organizations
as appropriate, and operation and maintenance functions on the end-user or Operating
organization. It is recognised that the user of this standard may fall into one or more of the
aforementioned categories of manufacturer, installation organization, end-user or operating
organization.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60825-1, Safety of laser products — Part 1: Equipment classification, requirements and
user's guide’)

Amendment 1 (1997)

Amendment 2 (2001)

3  Ternmsamddefimtons

For the purposes of this document, the terms and definitions containe as well

as the fpllowing terms and definitions apply.

3.1
accessible location
any part or location within an OFCS at which, under resc : human
access 1o laser radiation is possible without the use of a too

3.2
automaltic power reduction (APR)
a featune of an OFCS by which the a within a
specified time, whenever there is an evel i g i diation,
e.g. a fibre cable break

NOTE The term “automatic power reductien” (A i rms used
in recommendations of the Intefkqational ] i

— autorpatic laser shutdoyws

— automatic power reduction
—  autoratic powe@d /
3.3

end-usg
person

Ised

NOTE 1

NOTE 2
as design
installatiol

ther than
pcturer or

3.4
hazard level
the potential hazard at any accessible location within an OFCS. It is based on the level of
optical radiation which could become accessible in a reasonably foreseeable event, e.g. a
fibre cable break. It is closely related to the laser classification procedure in IEC 60825-1

3.5

hazard level 1

hazard level 1 is assigned to any accessible location within an OFCS at which, under
reasonably foreseeable events, human access to laser radiation in excess of the accessible
emission limits of Class 1 for the applicable wavelengths and emission duration will not occur

1) A consolidated edition 1.2 exists including IEC 60825-1 (1993) and its Amendment 1 (1997) and Amendment 2
(2001).
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3.6

hazard level 1M

hazard level 1M is assigned to any accessible location within an OFCS at which, under a
reasonably foreseeable event, human access to laser radiation in excess of the accessible
emission limits of Class 1 for the applicable wavelengths and emission duration will not occur,
whereby the level of radiation is measured with the measurement conditions for Class 1M
laser products (see IEC 60825-1)

NOTE |If the applicable limit of hazard level 1M is larger than the limit of 2 or 3R and less than the limit of 3B,
hazard level 1M is allocated.

3.7

hazard level 2

hazard jeve s—assigned arny—accessibletocatior uu 3 nder a
reasongbly foreseeable event, human access to laser radiation in ex g-acgessible
emissioh limits of Class 2 for the applicable wavelengths and emissioKduratio occur
NOTE If fhe applicable limit of hazard level 1M is larger than the limit of 2 and I& imi % hazard

level 1M is allocated.

3.8

hazard [evel 2M

hazard at which, under a
reasong ess of the acpessible
emissio t occuir,
whereby ass 2M

laser prpducts (see IEC 60825-1)

NOTE |If
level 2M i allocated.

B, hazard

3.9
hazard Jevel 3R
hazard |evel 3R is aspigned to“a &SS| under a
reasongbly foreseeabl cessible

emissioh limits | will not
occur

NOTE If Mmit of 3B,
hazard le

3.10

hazard

hazard under a
reasondbl S Cessible
emissio will not
occur

3.11

hazard level 4

hazard level 4 is assigned to any accessible location within an OFCS at which, under a
reasonably foreseeable event, human access to laser radiation in excess of the accessible
emission limits of Class 3B for the applicable wavelengths and emission duration may occur

NOTE This standard is applicable for the operation and maintenance of OFCS. In order to achieve an adequate
level of safety for persons who may come into contact with the optical transmission path, hazard level 4 is not
permitted within this standard. It is permitted to use protection systems, such as automatic power reduction, to
achieve the required hazard level where the transmitted power under normal operating conditions (e.g. no fault
exists in the fibre path) exceeds that permitted for a particular location type. For instance, it is possible for
accessible parts of an OFCS to be hazard level 1 even though the power transmitted down the fibre under normal
operating conditions is Class 4.
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3.12
installation organization
an organization or individual that is responsible for the installation of an OFCS

3.13

location with controlled access; controlled location

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

NOTE For examples see D.2.1 a).

3.14

locatio
an accgssible location that is normally inaccessible by the general p
adminisfrative or engineering control measure but that is accessible {o aut
who maly not have laser safety training

eany

NOTE Fpr examples see D.2.1 b).

3.15
locatiof with unrestricted access; unrestricted location
an accgssible location where there are no measures
general|public

S member

NOTE Fpr examples see D.2.1 c).

3.16
manufajcturer
organization or individual that assembl
constru¢t or modify an OFCS

s opticalNde and other components in ord

3.17
operatipg organization

organization or ini’vid

3.18
optical [fibre co

an engineered, : for the generation, transfer and reception of
radiatio ik 3 Ds or optical amplifiers, in which the transference is b
of optical fibre i and/or control purposes

3.19

reasonably foreseeahle event

an evept ,the" ocourrénce of which under given circumstances can be predicte
accuratelyfand the occurrence probability or frequency of which is not low or very low

make it

of any
rsonnel

5 of the

br to

optical
means

d fairly

NOTE Examples of reasonably foreseeable events might include the following: fibre cable break, optical

connector disconnection, operator error or inattention to safe working practices.

Reckless use or use for completely inappropriate purposes is not considered as a reasonably foreseeable

3.20
service organization
an organization or individual that is responsible for the servicing of an OFCS

3.21
subassembly

event.

any discrete unit, subsystem, network element, or module of an OFCS which contains an

optical emitter or optical amplifier
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4 Requirements

4.1 General

This section defines the restrictions that are to be placed on an OFCS and on the location
types in which an OFCS can operate, in accordance with the hazard that arises from optical
radiation becoming accessible as a result of a reasonably foreseeable event. Whenever one
or more alterations are made to an OFCS, the organization responsible for that alteration
shall make a determination of whether each alteration could affect the hazard level. If the
hazard level has changed, the organization responsible for the alteration(s) shall re-label
those locations in the system that are accessible so as to ensure continued compliance with
this standard.

Each agcessible location within an OFCS shall be separately asses ternlnine the
hazard |level at that location. Where multiple communications systems @ nt at a
location), the hazard level for the location shall be the highest of t i m each
of thosq systems. Based on the hazard level determined, appropriate i aken to
ensure compliance with this standard. These actions could for"example A ction of
access [to the location, or the implementation of safety fes 3 i optical

communications system to reduce the hazard level.
Suppliefs of active components and subassemblies j that do
not comprise an OFCS need to comply only with the\appligable\portion
OFCS fhat also transmit electrical eet he@q iréments of this stapdard in
addition| to any applicable electrical standard

NOTE W aveNo be taken into account.

1) What i Jhe ' tevel of’exposure must be determined at f location
where it is reasonably foreseeableNthat ape e\ exposed to radiation coming from the OFCS.| The time
taken for [the APR system (if p t nustbe’inojudéd when determining the MPE. If the OFCS does
not incorporate APR, then ueetihg th i S referredl to in Note 2 below will be taken as autpmatically
meeting the requirements of thi i 1 fgation or tests. Requirements are described/in 4.8.2.
2) What is the maxi € v S OFCS can operate after a reasonable foreseegdble event
(such as & fibre-bre@ lati o0 begome accessible? This maximum power value coulq be lower
than the |normal openrating i a result of activation of the APR system. Requirerhents are
described

42 P

Each O
laser ra

ccess to

4.3 F

If the potential hazard at any accessible location within an OFCS is hazard level 1M,|2M, 3R
or 3B, Mmmmrmmﬁmmohysical

location. Cables for various physical locations are described in the IEC 60794 series. Where
necessary, additional protection, for example ducting, conduit or raceway, may be required for
locations where the fibre would otherwise be susceptible to damage.

4.4 Cable connectors

The following requirements for cable connectors may be achieved by the mechanical design
of the connectors, or by the positioning of the connector, or by any other suitable means.
Whichever means is chosen, human access to radiation above that permitted for connectors
in a particular location type shall be prevented.

NOTE The use of a tool for disconnection is one example of a mechanical solution.
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4.4.1 Unrestricted locations

In unrestricted locations, if the radiation level exceeds the accessible emission limits of:

— Class 2 within the wavelength range 400 nm to 700 nm, or
— Class 1 in all other cases,
then suitable means shall limit access to the radiation from the connector.

NOTE In an unrestricted location the highest hazard levels permitted are hazard level 2M for the wavelength

range 400 nm to 700 nm and hazard level 1M in all other cases (see 4.9.1).

4.4.2 Restricted locations

In restrifted locations, if the radiation level exceeds the accessible emission li

— Clags 2M within the wavelength range 400 nm to 700 nm, or;
— Clagds 1M in all other cases,
then suitable means shall limit access to the radiation from the sonne

NOTE Ir] a restricted location the highest hazard level permitted is hazard levek}
(see 4.9.3).

4.4.3
In contr

— Clas
— Clas
then sui

NOTE In

45 A

If equip
assigne
followin

NOTE 1

NOTE 2
IEC 6082p

bié¢ emission limits of:

its of:

whicheve

is higher

duce its
d in the
level of

cribed in

4.5.1 AUtormatic restart

In the case where the restart is initiated automatically, the timing and power of the restart
process shall be restricted such that the hazard level assigned to each accessible location of

the system shall not be exceeded.

4.5.2 Manual restart with assured continuity

In the case where the restart is initiated manually and the continuity of the communications
path is assured by the use of administrative controls or other means, the timing and power of
the restart process is not restricted (see Note 3). The manufacturer’s instructions shall specify
that administrative controls (or other means) must take account of the fact that the assigned
hazard level at any accessible location may be exceeded during this restart procedure.


https://iecnorm.com/api/?name=4d07d305e9e6cd11de6cdcac3781d85f

-12 - 60825-2 © IEC:2004(E)

NOTE 3 Since in this case the timing and power of the restart process is not restricted, the administrative or other
controls will need to take into consideration any increased risk of new hazards (such as fire). It is important that
these additional controls be documented in the appropriate service instructions.

4.5.3 Manual restart without assured continuity

In the case where the restart is initiated manually and the continuity of the communications
path is not assured, the timing and power of the restart process shall be restricted such that
the hazard level assigned to each accessible location of the system shall not be exceeded.

4.5.4 Disabling of the APR

If a manual initiated restart of the system temporarily inactivates the APR_the system must
indicateLthat the APR is not operable for the duration of the reboot s berating
organization can take the appropriate precautions. Unless these iti net, the
hazard level must be assigned using the transmitting power level befd

Disabling of the APR mechanism shall not be permitted fo
powers,|unless all of the following conditions are met:

smitting

1) thaf such disabling is necessary only for the infregu ystem insgallation

and service;

2) thaf such disabling can only be done via sg a manual lockhout key
system;
3) if disabling is done via software such software shall be a
sedurity system that prevents inadv ism;

4) thatf such software incorporate a i atoNthat the APR will be disablgd if the
profedure is continued;

5) continuous operatiorKof t 5<C8 3 with APR disabled shall be prevented
by suitable engine ;

6) proper instructions onvthe s he equipment with the disabled APR are included
in the documpentatio

NOTE 1 pperate if
accessiblg lifier, etc.
is Class at hazard
level 4. N ,|but these
condition gdiation is
very low.

NOTE 2 is a control system that
automatidg g as soon as practlcable after a time interval that is long enough to|complete
whatever ftask thatcaused the PR to be initially deactivated.

4.6 LpheHing or marking

4.6.1 General requirements

Except as identified below, each optical connector, splice box or other part emitting radiation
when opened shall be marked (e.g. with a label, sleeve, tag, tape etc.), if the hazard level at
the location is in excess of hazard level 1. The marking shall be coloured yellow with the
imprint of the warning label according to IEC 60825-1 and the explanatory label in
IEC 60825-1. If XX is the hazard level assigned to the location, then the explanatory text shall
bear the words "hazard level XX“. It is permitted to reduce the marking in size, provided that
the result is legible. For network elements containing laser or optical amplifiers, it is the
responsibility of the manufacturer of the network element to provide such labelling; all other
labelling is the responsibility of the operating organization.
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Labelling or marking is not requ

e unrestricted locations for ha

- 13—

ired in:

zard level 1M or 2M;

e restricted locations for hazard level 1M or 2M, if the requirements for cable connectors in

unrestricted locations are m

et (see 4.4.1);

e controlled locations for hazard level 1M or 2M.

NOTE 1 Unlike the labelling requirements of IEC 60825-1, marking in restricted locations is mandatory for

locations with hazard level 1M, except

as identified above.

NOTE 2 In unrestricted locations, hazard level 1M or 2M is exempt from this requirement, because access to
radiation from a connector is limited to hazard level 1 by suitable means (see 4.4.1) and the mechanical design of
the fibre cables must be consistent with the relevant standard within the IEC 60794 series (see 4.3).

NOTE 3 [In controlled locations, haza
limited to [personnel with appropriate la

4.6.2 Marking of connector

rd level 1M or 2M is exempt from this requirement| becaude aceepsibility is
ser safety training (see definition 3.13).

For conhectors of optical transmitters and optical amplifiers, th i ¢ .6.[1 apply.

Additiorfally the explanatory text shall bear a stateme

radiation (after operation of

wavelerjgth or wavelength range.

pf laser
sociated

the APR function,

4.6.3

Groups h single
clearly g each connector ind|vidually
marked a wclosure and it is a foreseeable event
that exposure to optical radiation ab 7 M could result from accessing the

enclosufe, then a marking
removed. This may require

4.6.4 Indelibil'i r
Any mdrking requifec
durabilily of the mg

Compllc

petroleym
marking

approxim
approxmately O 7 kg/l

3th” before and after the access panel is

shall be durable and legible. In considefing the

spection and by rubbing the marking by hand for 15 $ with a

ater and again for 15s with a piece of cloth soaked with

t; the marking shall be legible; it shall not be possible to[remove
hey shall show no curling.

d for the test is aliphatic solvent hexane having a maximum

content of 0, 1 % by volume a kaurlbutanol value of 29, an initial b0|I|ng point of

lume of

NOTE The above requirement and test is identical to that contained in 1.7.13 of IEC 60950-1 [13] 2),

4.7 Organizational requirements

4.7.1 Manufacturers of ready-to-use OFCS, turn key systems or subassemblies

Manufacturers of OFCS, turnkey end-to-end systems or subassemblies shall:

1) ensure that the equipment satisfies the applicable requirements of this standard;

2) Figures in square brackets refer to the Bibliography.
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2) provide the following information:

a) adequate description of the engineering design features incorporated into the product
to prevent exposure to radiation above the MPE levels;

b) adequate instructions for proper assembly, maintenance and safe use including clear
warnings concerning precautions to avoid possible exposure to radiation above the
MPE levels;

c) adequate instructions to installation organizations and service organizations to ensure
the product can be installed and serviced in a manner that the radiation accessible
under reasonably foreseeable events meets the requirements of Clause 4;

d) the hazard levels at accessible locations within the system or subassembly and the
parameters upon which those hazard levels are based;

e) dor systems with APR:

+ the reaction time and operating parameters of the APR;

+ where installation or service requires overriding an bhall be
included to enable the operating organization to sp bs while
the APR is overridden and safe procedures reinstati stiNg such’sygtems;

+ if a manual initiated restart temporarily inacthates of the
restart shall be stated clearly in the user maruza

+ all scenarios (e.g. removal or failure of a co S element) where the
APR would not be operable includipg\ & d to be
taken under such conditiong«

f) any other information relevant
g) statement that the equipme alled according to the manufacturer’s
instructions, se of controls or adjustnments or
erformance of proge specified herein may result in hagardous
adiation exposure
4.7.2 Installation
The organizatio allation and servicing of OFCS shall follow the
manufag¢ ' of equipment in a manner that will ensure |that the
accessi rsonaly foreseeable events satisfies the requirements of
Clause
Before plac service, the installation organization or service organizgtion, as
applicah at APR, if used, is in appropriate working condition as desighated in
4.5 and
For sydtems~with “accessible locations other than hazard level 1 or 2, the insltallation

organization and/or the service organization shall:

a) provide adequate laser safety training of personnel responsible for carrying out installation

and

service activities;

b) ensure that suitable access controls and warning labels are employed on controlled and
restricted locations.

4.7.3

Operating organization

The operating organization has the ultimate responsibility for the safety of the end-to-end

system.

a) iden

This includes, especially:

tification of the location type at all accessible locations of the entire OFCS;

b) ensuring that the hazard levels are not exceeded for those location types under
reasonably foreseeable events;
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c) ensuring that installation and service is performed only by organizations with the
capability of satisfying the requirements of 4.2 t0 4.9;

d) ensuring that access to restricted and controlled locations is appropriately addressed with
respect to laser safety;

e) ensuring continuous compliance with system manufacturing, operating, installation,
service and safety requirements.

4.8 Assessment of hazard level

4.8.1 Determination of hazard level

The hazz
accessible following any reasonably foreseeable event (e.g. flbre break [ peration and
maintenance. The methods for the determination of compliance wit S
limit val

need to d shall

be base

The ass all take

place:

— 1 s after the reasonably foreseeable event for urirestris i Lirement
at a ;

- 3s unless
meaE1

In circumstances where it is difficult fo carry Qu ment of

2 laser or
ssment of the hazard at any pfrticular

hazard |evel based on calculatlons is acceptable
amplifier power and fibre aft ay a an ass

location

For OFCS with automatie”§ | Ci the hazard level will be determined| by the
accessible emisg i wave) after the time interval given above|(1 s for

unrestricted locatigr 3s for\rest 'cte locations or controlled locations). Additionally, the
MPE requi i :

4.8.2 G i 9 ic’power reduction features

Where a matic power reduction feature to meet the limits of 4 hazard
level that is t¢ - t which would have to be assigned if no automatic power re¢duction
feature 03 the irradiance or radiant exposure during the maximum|time to

reach t ; ard level specified in 4.8.1 (1 s for unrestricted, 3 s for restrjcted or
controllgd Jlocatio hall not exceed the irradiance or radiant exposure limits (MRE). For
controll¥d locations the measurement distance is 250 mm for this subclause only.

4.8.3 Conditions for tests and assessment

Tests and assessments shall be carried out under reasonably foreseeable fault conditions.

In some complex systems (e.g. where the optical output is dependent on the integrity of other
components and the performance of circuit design and software), it may be necessary to use
other recognised methods for hazard/safety assessment (see Annex C).

However, faults which result in the emission of radiation in excess of the hazard level need not
be considered if:
— they are for a limited duration only; and

— it is not reasonably foreseeable that human access to the radiation will occur before the
product is taken out of service.
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4.9 Hazard level requirements by location type

60825-2 © |IEC:

2004(E)

The required hazard level shall be determined for each accessible location within an OFCS.

NOTE 1 This includes access to optical fibres that can become broken.

NOTE 2 This standard is applicable for the operation and maintenance of OFCS. For the safety of the user,
hazard level 4 is not allowed throughout the standard. Where systems employ normal transmitting power levels
exceeding the acceptable hazard level for the particular location type, protection systems such as automatic power

reduction may be used to determine the actual hazard level.

4.9.1 Unrestricted access locations

At a location with unrestricted access the hazard level shall be 1, 1M, 2 or 2M.

NOTE If|the applicable limit of hazard level 1M is larger than the limit of 2 and less t

level 1M is allocated.

4.9.2 Restricted access locations

At a location with restricted access the hazard level shall be

NOTE 1 |If the applicable limit of hazard level 1M or 2M is larger than_the
hazard leyel 1M or 2M is allocated respectively.

NOTE 2 [If the applicable limit of hazard level 1M is larger tha
level 1M is allocated.

4.9.3 Controlled access locations

At a location with controlled access the

n the limit-of>3|

g than the li

an the limit of 3

1M, 2, 2M, 3R or 3B.

B, hazard

mit of 3B,

B, hazard
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Annex A
(informative)

Rationale

The safety of laser products, equipment classification, requirements and user's guide are
covered by IEC 60825-1. Part 1 is primarily aimed at self-contained products which are under
effective local control. An OFCS will be safe under normal operating conditions because the

optical radiation is totally enclosed under intended operation. However, because
extended nature of these systems (where optical power, under certain cond|t|ons
aCCeSSI _-;_' i S ' A" ; >" Ce ki“-' i__ ;;-m\-‘i__ 8
will be different from those concerning laser sources which are normally\under tqcal
control.|(It should be noted that many OFCS contain LEDs, which are {pcludgthin the s

IEC 60825-1.)

optical ad|at|on that might subsequently become acces . &Rgineexing requi
and usdr precautions that are required to minimise the-ha ified in this H
IEC 60825.

Each aqcessible location within an OFCS is aIIo ; em operating organiz

of the
may be
hazard
bperator
cope of

g being
b of the
Fements
art 2 of

ation or
adiation

its deleate a hazard level that give as t i azard if optical n

limits ofl hazard levels 1M and 2M are /©ften highe nthe limit of hazard level 3R,

fashion

ut less

similar fo the classification procedure desgcribe 5-1. In fibre optic applicat&ons the

than thg limit of hazard level 3B. For these! icati azard level 3R is not applica

Where ¢perating organizati v G ingtallation, operation or maintenance

le (see

of fibre

optic cogmmunication sjyste ~ bilities in relation to laser safety should be clearly

defined |by the o

In sumnpary, the prir f segbetween IEC 60825-1 and this Part 2 are as folloy

© 60825-1 would give a Class 1 allocation to all
potential hazard accurately. However, if the source

IEC 0825 1, but this level will be based not on acceSS|bIe radiation but on radla

VS.

ed as required by IEC 60825-1. This is because under

 that a
ystems,
can be

will be

icgation in

ion that

COUI Beeceome—aceessible—unde easenrablyforeseeable—eireumstaneces e6—8a b

break, a disconnected fibre connector etc.).

— The nature of the safety precautions required for any particular hazard level will
on the type of location, i.e. domestic premises, industrial areas where there w

Fe cable

depend
ould be

limited access, and switching centres where there could be controlled access. For

example, it is specified that in the home a disconnected fibre connector should

only be

able to emit radiation corresponding to Class 1 or 2, whilst in controlled areas it could be

higher.
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Annex B
(informative)

Summary of requirements at locations in OFCS

Hazard level Location type
Unrestricted Restricted Controlled
1 No requirements No requirements No requirements
1M Class 1 from connectors | No labelling or marking | No requirements
that can be opened by | required if connectors
an end-user 1) that can be opened by
end-user are Class 1. If
No labelling or marking | output is Class 1M then
requirement 2) labelling or marking is
required 2). (\
2 Labelling or marking 2) Labelling or marking 2) I_\agel\ﬁqg\s{mNrM
2M a) Labelling or Labelling or marking 2 I_}béwn or Wg 2
marking 2), and
b) Class 2 from \
connector 1)
3R Not permitted 3).4) Labélling or marking 2
3B Not permitted 3):4) Not\permitted\3).4) a) Labelling or
< marking 2), and
b) Class 1M or 2M
N from connector 1)
4 h}t\@@ ted 3)%) Mmitted 3).4) Not permitted 3).4)
NOTE 1 |Where th x differs from the requirements contained in Clause
4, the requirements of ¢l
NOTE 2 |Reference ve means access to radiation that is within the accessible
emission iven in IEC 60825-1.
1) See 4.4.
2) See 4.4.¥
3) See 4.p here systems employ normal transmitting power levels exceeding the acceptalple
hazard le cation type, protection systems such as automatic power reduction may pe
used to d¢termine actual hazard level.
4) See 4.4.



https://iecnorm.com/api/?name=4d07d305e9e6cd11de6cdcac3781d85f

60825-2 © IEC:2004(E)

Some methods of hazard/safety analysis include the following:

a)

b)
c)
d)
e)
f)
g9)

Appropt

—19—

Annex C
(informative)

Methods of hazard/safety analysis

preliminary hazard analysis (PHA) including circuit analysis. This method may be used in
its own right, but is an essential first stage in the application of other methods of

haza

cong

1/ ok 4
IU75dICly d55CSSITICTI,

equence analysis — see the IEC 61508 series of standards [5];

failure modes and effects analysis (FMEA);

failu
fault
ever
haza3

iate testing should be implemented to supple

re modes, effects and criticality analysis (FMECA) (see

tree analysis (FTA);
t tree analysis;
rds and operability studies (HAZOPS).

The me

be statgd by the manufacturer/operaté

hod of analysis and any assumptions g

Cessary.
b should
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Annex D
(informative)

Application notes for the safe use of OFCS

D.1 Introduction

This annex provides guidance on the application of this standard to specific practical
situations. It is an informative annex to assist the users of this standard in applying the

requirernnnfc of IEC 608251 and IEC 680825.2 to their snecific apnlicationttdoes not
1 P

contain

any requiirements.

This standard applies to OFCS. In such systems the optical power ¢a éor long
distanc}s beyond the optical source and measures need to k at the
potentigl hazards from a broken communications path are m: how the
extent df the potential hazard existing in an OFCS it is nece level to
those Idcations that can become accessible: this is similar<o, ation of
a Class|to the equipment within IEC 60825-1.

It is pogsible to configure an optical fibre communicati ¢ act as a cloged-loop
control pystem, such that when the ¢ icali i p the transmitted gignal is
automatically reduced in power withiQ a % safe value. It is therefore
possiblg to have two systems, one with ti duction (APR) and anothern without
APR, bgth having the same hazard levela the same degree of safety): the signal
level under normal operating conditions i ith APR can then be much higher than
the signal level in the syste \ e the” APR feature is critical to safety, the
reliability of this feature sou mendations are provided in thig Annex.
Whereapg the Part 1 |standsa i to\discrete laser products, this Part 2 applies to
complete end-to 3 ubassemblies that generate or amplify optical
radiation are cri OFCS, and because they have to meet paft of the
requirements, these iicluded within the scope of this standafd. The
manufa¢ omponents or passive subassemblies that are|not yet
incorpo 9 gtem can not know the associated hazard level| and so
these it¢ms afe e scope of this standard.

This sta SYot address safety issues associated with explosion or fire with respect to
OFCS d

D.2 Areas of application

D.2.1 Typical OFCS installations

a) Locations with controlled access (see 3.13):
— cable ducts;
— street cabinets;
— dedicated and delimited areas of distribution centres;
— testrooms in cable ships.

NOTE Where service access to cable ducts and street cabinets could expose the general public to radiation
in excess of the accessible emission limit of Class 1, appropriate temporary exclusion provisions (e.g. a hut)

should be provided.
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b) Locations with restricted access (see 3.14):
— secured areas within industrial premises not open to the public;

— secured areas within business/commercial premises not open to the public (for

example telephone PABX rooms, computer system rooms, etc.);
— general areas within switching centres;
— delimited areas not open to the public on trains, ships or other vehicles.
c) Locations with unrestricted access (see 3.15):

— domestic premises;

services industries that are open to the general public (e.g. shops and hotels);

Ubficareas on trains, SNips or other Venicles;

pen public areas such as parks, streets, etc.;

|
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OFCS may pass through unrestricted public areas (for exa
within i .

Optical |local area networks (LANs) may be depl
premiseg.

Fibre slystems may be entirely in
conneclons.

For reqlirements on infra-red (IR) wire
applicable part of IEC 60825-12 [16].

D.2.2

a) Fibrg

b) Opti VCSEL, Fabry Perot or DFB

iers

lasers, pump

bulk/distributed, continuous/low/high-frequency emission

c) Conpectors: simplex/duplex/multiway/hybrid

lasers,

hbers of

d areas
pinets.

usiness

i-fi inter-

geparate

optical

d) Power splitiers, wavelength multiplexers, attenuator
e) Protective enclosures and housings
f) Fibre distribution frames

D.2.3 Typical operating functions

a) Installation

b) Operation

c) Maintenance

d) Servicing

e) Fault-finding

f) Measurement (including optical time domain reflectometry (OTDR))
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D.3 OFCS power limits

The maximum mean power for each hazard level for the most important wavelengths and
optical fibre types used in OFCS is presented in Table D.1. For most typical systems with duty
cycles between 10 % and 100 %, the peak power can be allowed to increase as the duty cycle
decreases. However, for duty cycles <50 %, it is most straightforward to limit the peak powers
to twice these mean power limits, although IEC 60825-1 can be used for a more sophisticated
analysis in order to identify any increase in peak powers permissible for these types of
systems. This is especially valid when "visible sources” with wavelengths in the
photochemical hazard area are used.

NOTE For the most common single mode and multimode fibres the point source limits have to be applied. Fibres
with core _diameters above 150 ym (e g plastic aoptical fibre (POF) and hard clad silica i ave to be
considergld as intermediate extended sources. However, the applicable apparent source gize forthe detgrmination
of the facjor Cg may depend on the actual degree of mode-filling.

3
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Table D.1 — OFCS power limits for 11 pm single mode (SM) fibres and 0,18 numerical
aperture multimode (MM) fibres (core diameter < 150 pm)

Wavelength Hazard level
and fibre type
1 1M 2 2M 3R 3B
633 nm (MM) 0,39 mW 3,9 mW 1 mwW 10 mW See note to 3.9. | 500 mW
(4,1 dBm) (+5,9dBm) (0 dBm) (+10 dBm) (+27 dBm)
780 nm (MM) 0,57 mW 5,6 mW - - See note to 3.9. | 500 mW
(=2,5 dBm) (+7,5 dBm) (+27 dBm)
850 nm (MM) 0,78 mW 7,8 mW - - See note to 3.9. | 500 mW
(=1,1 dBm) (+8,9 dBm) (+27 dBm)
980 nm (MM) 1,42 mW 14,1 mW - - See note to 3.9. | 500 mW
t+453dBm) t+++5dBm) ya t+27dBm)
980 nm [SM) 1,42 mW 2,66 mW - - 7,26 m 500, mW
(+1,53 dBm) (+4,2 dBm) (+8,6 )~ AT dBm)
1310 nip (MM) [ 15,6 mW 156 mW - - SW 3& 500NV
(+12 dBm) (+21,9dBm) N\(Z? gq8m)
1310 nth (SM) [ 15,6 mW 42,8 mW - - W \ 500 WV
(+12 dBm) (+16,3 dBm) (+ Bm 27 dBm)
1400 nm ... 10 mW 384 mW - - See n 1083.9. 0 mw
1600 nm (MM) | (+10 dBm) (+25,8 dBm) /\ ANS /23?27 dBm)
1420 nth (SM) [ 10 mw 115 mW - > \Ke KW 500 mW
(+10 dBm) (+20,6 dBm) (+27 dBm)
1550 nmp (SM) [10 mW 136 mW - ( - e noteto 3.9. | 500 mw
(+10 dBm) (+21,3dBm) (+27 dBm)
NOTE 1 Hazard Levels 1M and 2M
The maximum power shown in the table for. icrogs fibrecis limited the power density. The precise fibre
power l|mit is therefore determined by the mi expected\beam\divergence, which is in turn dependent on

the single mode fibre mode field diameter (MF ange different values of the MFD ard there
are sigpificant changes in Class limits as the /MFD chahges e high power connectors use enlargdd mode
field digmeter (MFD) and the far field divergepce islqwer, nectors can result in a higher hazdrd level
and determination of the hazard level when usjing on ectors 45 strongly recommended.

NOTE 4 1 310 nm figures

The 1 310 nm figures afge calgulat m, whi¢gh is the shortest wavelength in the "1 $10 nm"
teleconmunications window

NOTE § Fibre par

The fibile parame(@ g cases; single mode figures are calculated for a fibre of 11
microny mode field™Miz jgures for a fibre with a numerical aperture of 0,14. Many
system i S ge fibres with smaller MFDs. For example, the limit for| hazard
level 1Nl when a wavele Q nm is fransmitted along dispersion shifted fibre cables having upper limit
values NEor/other MFD values and wavelengths, please refer to IEC 60825-1,
exampl

NOTE 4

The hag evel TRRHmMI or single mode fibres at 900 nm and below are not presented here,| as the
divergepce Qe ayvelenpgths will undergo is rather variable. This is because these wavelengthp are in
fact muftimoded, in 310 nm single mode fibre, and the exact divergence will depend on the rather

unpredictable.degree of \iode mixing. This mode mixing variability is also a potential problem when frying to
evaluatg these)waveteggths on true multimode fibre. If it is necessary to calculate a value for these cages, the
assumption_that the fibre carries all of its power in the fundamental mode and use of the single mode equations
will yielk

aconservative-value

NOTE 5 Multimode fibres with core diameters above 150 pm

These fibres have to be considered as intermediate extended sources (e.g. hard clad silica (HCS) fibres with
200 pm or plastic optical fibres with 1000 ym core diameter). The applicable source size may depend on the
degree of mode filling and should be determined in detail before calculating the limit values.

NOTE 6 Hazard level 2 limits

It can be shown, that for apparent source sizes smaller than 33 mrad (most cases in fibre communication
techniques) the hazard level 2 limits are always lower than the appropriate hazard level 1M limits: Safe for the
unaided eye, but potentially unsafe when using optical instruments.

NOTE 7 Multiple fibres and ribbon cables

The limits in the table are calculated for single fibres only. If multiple fibres or ribbon fibres with single fibres
located in close proximity to each other have to be assessed, each individual fibre and each possible grouping
of the fibres has to be evaluated.

NOTE 8 1 420 nm figure
The 1 420 nm figure is calculated for the 1420 nm to 1 500 nm Raman range.
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D.4 Hazard level evaluation examples

D.4.1 Multiple wavelengths over the same fibre

When more than one wavelength is transmitted along a single fibre, such as on a wavelength
division multiplex (WDM) system, then the hazard level depends on both the power levels and
on whether the wavelengths are additive. For skin exposure to wavelengths usually used in
OFCS, the hazards are always additive. For most fibre systems, 1 400 nm is the point at
which addition conditions change:

a) if two wavelengths are both below 1 400 nm, they add, i.e. the combined hazard is higher;

b) if two wavelengths are both above 1 400 nm, they add, i.e. the combined hazard is higher;

c) if orle wavelength is above 1 400 nm and one is below, then hazardg do not add/ i.e. the
compined hazard does not increase.

It is necessary to calculate separately for skin and retinal hazards.

To calcplate the hazard level for a multi-wavelength system it\i S8sa late the
system power at each wavelength as a proportion of the A& 3 ' , elength
(for example 25 %, 60 %, etc., up to 100 %), and then_ a \ Q r. If the
totalled |proportion exceeds 1 (100 %), then the haza mission

limits for that Class. This procedure should also be used i iming by
using the MPE table instead of the AEL tables.

D4.1.1 Multi-wavelength example

An optigal transmission system using i i §0 um core diameter and a nyimerical
aperturg 0,2 + 0,02 carries six optical P90 nm,
1300 nm, 1310 nm and/1 3 -ayeraged

In the e:Esence of-any when a
connecfor is re @: hine the
hazard |evel baset’g ving the
connector is a reaggn

Assess .4 e) of
IEC 608

Table § ive. The
evaluati ibsion at
each w 4 b) of

IEC 60825-1).

Note, however, that the AELs are constant in the wavelength range 1 200 nm to 1 400 nm;
hence, the four signals in the vicinity of 1 300 nm may be considered as a single signal with a
power level equal to the sum of powers in those signals.

First compare the emission levels with the AEL for Class 1:

Since we have a small source with 50 um core diameter the angular subtense o of the source
is 0,5 mrad < a,,- To = 10 s (see IEC 60825-1, notes to Tables 1 to 4) and T, <t (100 s, see
above).

PAEL = 3,9 X 10_4C4C7 W
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where

C4 = 100,002(: - 700) for 840 nm and 870 nm

C, = 5 for wavelengths > 1 050 nm

and

C7 =1 for 840 nm and 870 nm
C7 = 8 for wavelengths > 1 050 nm

hence

AEL840 nm -~ 0,74 mWwW

The msg
conditio
the mosg

Using th
IEC 608

Thus, in
correcti

Summin

This rat

D.4.2

There i

AELg7o nm = 0,85 mW
AEL1 300 nm~— 15,6 mW

25-1), the diameter at the 63 % (1/e) points for
2r
d =
T

this case, all of the fibre power
bn is needed.

06 0,16 4x0,16
=+ + =0,45
074 085 156

g the ratios of th to the corresponding AEL yields:

cable e

ical fibre

and the

n A.6 of
5e) is:

and no

hazard

en fibre

effect from each separate direction of transmission, as each broK

d.fepresents a separate hazard if the fibre breaks. The hazard level is deternpined by

the transmission direction with the nigher power.

D.4.3

Automatic power reduction

By using automatic power reduction in an end-to-end OFCS it is possible to assign a lower
hazard level than would otherwise have been the case. This is important when the hazard
level of the internal optical transmitters/amplifiers of a system may put a limitation on where
that system may be deployed. See Annex B.

Automatic power reduction should not take the place of good working practices and proper
servicing and maintenance. Also, the reliability of the APR mechanism should be taken into

account

when assessing the hazard level.
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Assessment of the hazard level should take place at the time of reasonably foreseeable
human access to radiation (for example after a fibre break), unless measurement at a later
time would result in a larger exposure (see 4.8.1 and 4.8.2).

Automatic power reduction cannot be regarded as a universally protective measure because,
after a fibre break, it is common practice to use an optical test set (usually an optical time
domain reflectometer, OTDR) to determine the location of the break. This instrument launches
laser power down the fibre under test. Therefore, even if the normal telecommunications
transmitter is shut down or removed, the diagnostic instrument could, at a later time, apply laser
power to the fibre.

These OTDRs typically operate at Class 1, so no potential hazard is present at such sources.

Howevdr, higher power systems have a Ionger range and may require u SS 34s 3R or
Class 3B OTDRs to detect the break. Also, OTDR signals may be am br Class
if sent through an optically amplified system.

Except for turnkey systems designed for use in unrestricted Jocati ! i t that a
laser sdfety professional or the OFCS operator decide for each\ocatio re span
of a nefwork) the hazard level that should be permitted,/co s' ~ i of laser
training|provided to their staff and others who could acc K. el 1M or
hazard |evel 3R are often chosen because workers [ y optical
(collimating) instruments that would increase the hazard and\ typic have no
need tg examine the fibre at a close range. | @ B ntrolled
locations with proper labelling and conprector ¢

This subclause will examine APR under

— in sy

— on areadily accessiblg fi

— at affibre optic conmectox;

— on g fibre not readil

— in restricted

— in thle case of rib®

For uppg

D.4.3.1

Optical olifiers capability to generate significant levels of optical power. Powers of
the order of 25Q0 mW ithout the
use of |protection™~ye&chanisms. For this reason it is important that a suitable means is
employgd.<for limiting such power levels when amplifiers are accessed for regpair or

maintenance. Consideration of appropriate mechanisms including, but not imited to, APR to
reduce the hazard level and the use of shuttered connectors may be necessary.

D.4.3.2 APR for distributed optical amplification systems

APR for distributed optical amplification systems (e.g., Raman) is required not only on main
signal sources but also on pump lasers. The response of such a distributed optical
amplification system could have shorter time-periods than other (lower power) systems,
depending on the actual pump power in the Raman amplification system of interest.
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D.4.3.3 Fibre in a splice tray

As powers increase in an OFCS, it is important that splicing operations on potentially
energized fibres of hazard level 3B take into consideration the safety of the operator, and a
fully enclosed splicing system should be employed in such cases. If splicing is not to take
place in a protective enclosure, automatic power reduction is an option for reducing the
hazard level and, therefore, the exposure.

D.4.3.4 Connectorised systems

Another occurrence where access to energized fibre is reasonably foreseeable is when an
energized system has one or several of its fibres disconnected at an optical connector.

A number of solutions exist to achieve a safer hazard level whe i ifig| optical
connectors. For example, one mechanical solution that can be gopsi i
shuttergd connectors. Such a solution, provided the connedtors reliability
charactgristics outlined in Clause D.5, provides control of Ah
connectors. These shutters should operate within 1s in un

restrictgd and controlled Iocatlons (It should be noted that i i ot be praftical or
desirabl . In these
situations, APR may be the only solution.)

D.4.3.5

Certain levels.
Typicall ed land
portion. ssary to

retrieve|the cable and repair it, whic may days to accomplish. As ayitomatic
power réduction may not be or forthese systems, rigorous adminjistrative
controlg, including manué n.precedures, may need to be employed. This will

ensure fthat proper worki itions areSmaintained below hazard level 4, as spetified in
this stapdard.

Manual q 3 epdir/maintenance/service conditions is currgntly the
practicel a use_of the hazardous electrical power associafed with
the sub able N hi rlcal power is used to power the undersea repeaters ajong the

route. | ystems, this electrical power may no longer be a part of
the cab practice to de-energize fibre before extraction shpuld be
continued d besadse of the hazards of the associated optical power

D.4.3.6 . icted and unrestricted locations

OFCS flesigners meéd to be aware of the restrictions in 4.9 regarding restricled and

unrestricted’locations. For these locations the designers should consider the incorporation of
APR into any system that has the pofeniial o expose humans fo oplical power of Class 3B or
above. Appropriate break detection and reliability precautions should be taken when
designing this power down system.

D.4.3.7 APR for ribbon cables

The use of ribbon cables can place the OFCS in a more restrictive hazard level. A careful
hazard assessment, as explained in D.4.5, should take place, and appropriate APR,
shuttering and splicing considerations should be evaluated and implemented with respect to
the potentially increased hazard level and the location of the OFCS.
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D.4.4 Multiple fibres

The hazard from bundles of broken (i.e. not cleaved) fibre within a broken fibre cable does not
increase beyond that of the worst case fibre within that cable. This has been shown by a
considerable number of measurements on broken fibre ends, consideration of reflection and
scattering at fibre ends, and random alignment and movement of fibre ends.

These measurements and considerations have also been shown to apply to broken ribbon
fibre, but not to ribbon fibre cleaved as a unit (see D.4.5).

D.4.5 Ribbon cable

Ribbonrl‘fibre ends cleaved as a unit may exhibit a higher hazard level f{
fibre. A i

hazard d as an
unsepailated unlt the hazard level might become 3B thus present| g agenuihe eye risk. This
results [ 150 pm
to 250 | ulative
effect. tmin fOT
cw emigsi

The ang i in i i ber of fibres gnd their
separat i subtend

14 mrag as an
intermedi : ¢ increased by factor |Cg. Any
angular|dimension that is more than apyy . or less than amin (1,p mrad)
should be limited to amax OF amin resp grmining the mean.

The total power permitted i i fi termined by the worst case combirlation of
any indjvidual fibres g > classification rules for non-circylar and
multiple| sources).

Ribt@
The rib ists ) paced (by 200 um) single mode fibres. Wh4t is the
maximum allowed S power per fibre for a wavelength of a) 1 310jnm and
b) 1 55(

D.45.1

Solution

Evaluat vade for every single fibre or assembly of fibres, necessary tq assure
that the|source dq ot exceed the AEL for each possible angle a subtended by each partial
area, where o ,in< @< a4 1able D.2 below shows the AEL per combination of fibreg as well
as the resulting maximum permitted power within one single fibre of the combination. The
combination of two fibres represents the worst case. Therefore, the maximum power for one
single fibre of the ribbon is 9,3 mW.
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Table D.2 — Relation between the number of fibres in aribbon fibre and the maximum

permitted power (example)

Combination 1 2 3 4 5 6 7 8
(No. of fibres)

Cs 1 1,2 1,9 2,5 3,2 3,9 4,5 5,2

T, 10 10,07 10,31 10,55 10,8 11,06 11,32 11,59
AEL/mW 15,6 18,7 28,9 39 49 58,8 68,6 78,2
Resulting limit 15,6 9,3 9,6 9,75 9,8 9,8 9,8 9,8
per fibre/mwW

Solutior] for b)

At 1 550 nm, the hazard for the cornea dominates. Consequently, there [ztor C6.
The makimum power per fibre is simply the corresponding AE ividéf by the
number|of fibres, i.e. 10 mW/8 = 1,25 mW.

D.4.5.2 Ribbon fibre issues

The additive property of the radiation hazard from ri hns that
the hazard level of a location can depend on ce it is
impractical to switch off essential syste i nd if the
resulting hazard level at the location i n will be
required to reduce the hazard if ribbon fib

The solpition may not be too difficult. bm, it is
only thg cleaving and spli¢ing_operati N, being
no diffefent from normal fit '

If accegs to unsepara hazard
level relates to Feasing.
Any method would“haVve ces (i.e.
not just|an instructon ) I stayed
attached to the ' S ikewise
prevente S

Once ril m is put
onto it.

D.4.6 Power dimjriution due to power splitters and fibre losses

This power—dimimutiomr mmay betakermimto—account, for exampte—atthe customer—side of a

distribution network, the hazard level after some length of fibre may be lower than at the
distribution point.

Figure D.1 shows the layout of a typical passive optical network (PON).
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Exchange/office ‘ External Customer
| O |
ONU ‘ Services
—] ‘ |
— \
Switch OLT ‘ O ‘
m ‘ Services
‘ Splitters
IEC 543/2000
Figure D
D.4.7 General cons
a) The|assessmy d le auld” always consider reasonably foreseeable fault
conditions (seg ) i nts and
syst ¢ : i ently, it
may ing|ude iple fault conditions: a determination of the probability of
such i g\
NOTH hat more
than
b) Ser\ic ould be
congi ction of
high ng fibre
network; failure of overriding of the APR (see 4.7.1¢).
¢) Chahgmgof components; systemm parameters—or the network—structure—may Tesult in

changed hazard levels. Examples are: replacement of conventional bundled fibre cables
by ribbon cables (this may be beyond the direct supervision of the network manager);
change of the modulation scheme; change in transmitter circuit pack power or wavelength;
addition/change of optical amplifiers, etc.

D.5 Fault analysis — Explanation and guidance

Fault analysis is necessary for systems where the optical output is dependent on the integrity
of other components and the performance of the circuit design. It is recommended that the
manufacturer or operator should carry out a fault analysis.
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D51 Definitions
For the purpose of this Clause D.5, the following definition applies.

FITs
an indicator of reliability defined as the number of failures per 10°h

D.5.2 Fault analysis

Hazard levels are assessed under reasonably foreseeable fault conditions. The purpose of
fault analysis is to identify failures in the optical control circuits that could have significant
consequences affecting the assigned hazard level. For example, it is permitted for the lasers
used in_locations with hazard level 1M to emit optical power exceeding the upper limit of

hazard |evel 1M under normal operating conditions, if an adequate APR(feature isppfovided.
However, in case of a fibre break, the accessible radiation is reduced’s it thin the
limits ofl hazard level 1M. If however a fault in a component in the |a% i i or in the
APR wedre to result in radiation exceeding the limits for hazard levek 1M hazard

level wquld have to be assigned.

An APR feature can comprise both hardware and soft
should be taken into account when determining the relighili

ponents

D.5.3 Fault probability levels

No system is 100 % fail-safe since , robability that failyres will
occur. To quantify the risk of exposuire toNax iation, OFCS should be sybject to

fault an

D.5.4

Commo

— simylation of S xpected under reasonably foreseeable corditions;
— failufe modes iticali is (FMECA, see IEC 60812 [1]);

— cong

D.5.5

If the ch N 2 yhalysis is failure modes effects and criticality analysis then the
probabill 2di limits (under reasonably forejseeable
circums afget hazard level should not exceed 500 FITs. It is recommended
that the[manufa or operator should carry out a fault analysis.

NOTE O ghout his

working life, the incident rate for the risk of |nJury to the eye is less than five HITs. (HITs is the number of hazard
incidents per 109 h. For example in the UK, the Health and Safety Executive considers an occupational risk of less
than 5,43 HITs for accidents to be trivial.).

D.5.5.1 Example of FMECA analysis for a simple laser drive circuit

The purpose of the analysis is to provide a quantitative measure of the probability of the
optical power exceeding Class 1M AEL. The following example illustrates one recommended
method.

Consider the simple circuit in Figure D.2.
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D.5.5.1[1

From cifrcuit diagrams and parts lists,

module.

bias gemerator. Include automatic power red
PR is to achieve the i

of the A
cause a

D.5.5.1,

Constru
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5V
LM1 SZ
IC %
Bias R2
TR1
Modulation

of components and failure modes (example)

reshold
function
e could

failure

C it\NQ \'\ Bgmpkﬁ(ent Failure mode Beta Commentp
LM1 \\Wd laser Increase in output
Decrease in output
No output
TR1 BFR-96-MuHeard Shert-eiretit
<500 mW NPN Open circuit
R1 47R 2 % Short circuit
0,25 W Open circuit
Parameter drift
R2 3K9 2 % Short circuit
0,25 W Open circuit
Parameter drift
C1 0,47 uF 10 % Short circuit
50 V Open circuit
Parameter drift
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The US Department of Defense Reliability Analysis Center (RAC) publication [2] gives a list of
likely failure modes. Include a column for comments and request an explanation of the likely
outcome of the failure from the engineers consulted (see step 3).

D.5.5.1.3 Step 3: determine beta values

Circuit designers or repair engineers are the best people to consult for this task, since it
requires a knowledge of how each component operates in the circuit.

Beta values depend on the criticality of the failure mode. A simple analysis assigns a
probability figure to the beta value by considering just three categories, as illustrated in
Table D .4.

Table D.4 — Beta values (example)

N (AN
Does the failure mode cause the laser Beta valde
power to exceed Class 1M AEL? \/
NI

No AN
Maybe 0,& \\/

The consulted engineers may be able to give be e beta values.

It is gog

D.5.5.144

The next step is to dete e fai es fOk €ach component and apportiof failure
rates tolfailure modes. Thisi i B S

— data| obtained by the axna
— BT Handbod{

generic
component type

- RAQ
- Mil-K
- RAdQ
For exgm bipolar
transist ight FNs,@nd the RAC publication lists the apportionment of failure mgdes («)
as 739 ropriate
columng inthe spreadsheet.

Determine the system failure rate by multiplying the columns horizontally and then add
vertically. The overall failure rate represents the probability of the system exceeding the
intended classification. This is illustrated in the following Table D.5.
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Table D.5 — Determination of failure rates (example)

Circuit Component Failure mode Beta Abase « Product Comments
1D
LM1 Uncooled laser Increase in output 1 500 0,05 25,0 May result from
) fibre movement
Decrease in output 0 500 0,65 0
Chip failure
No output 0 500 0,30 0
TR1 BFR 96 Mullard | Short circuit 1 8 0,73 5,84 llaser limited by R1
o (may still be safe,
<500 mW NPN Open circuit 0 8 0,27 0 see below)
R1 47R 2 % Short circuit 1 0,2 0,05 0,01
0,25 W Open circuit 0 0,2 0,84 0
Parameter drift 0,5 0,2 0,11 }{ 1
R2 3K9 2 % Short circuit 1 0,2 0,05 0,01
0,25 W Open circuit 0 0,2 0,8
Parameter drift 0,5 0,2 /Q\11 N
C1 0,47 pF Short circuit 1 0,3 ,49 \ \6\/
10 % 50 V Open circuit 0 3 29 0
Parameter drift 0,5 0,3{\ 0,2
AN Al
/(&ve@h{av/ure(r‘é?e = }1,06 FITs

(

In this example (assuming 5 V power um er current is limited by R1 to
about 3p mA. This is unlikely to result [n ceeding the Class 1M limit.[In other
cases, this is not always applicable, Ild be made to the laser dafa sheet
and individual componen

In similar examples, (W 3 ilutre is significant only if accompapied by

simultaneous indepe ponents, a simple summation of FITs fpr these
componjents mab

D.5.6

The IEC i dards, Functional safety of electrical/electronic/programmable
electronic sa [5], is one example of a standards-based approach fhat can
be used 2 aliability of automatic power reduction (APR) safety systems. In the
scheme| i IEC>61508-1, requirements for a safety-related control sysiem are
categor our safety integrity levels (SIL). Depending on the SIL, different
requirements japply. According to IEC 61508-1, hardware random failures and systematic
failures [haveto be taken into account.

e Hardware random failures can be calculated using reliability data.

e Systematic failures take into account the possibility of design failures, failures due to
environmental stress or influence and operational failures.

NOTE 1 The following is the SIL definition from IEC 61508-1: Discrete level (one out of possible four) for
specifying the safety integrity requirements of the safety functions to be allocated to the
electrical/electronic/programmable electronic safety-related systems, where safety integrity level 4 has the highest
level of the safety integrity and safety integrity level 1 has the lowest.

NOTE 2 Where programmable electronic devices are used to control hazard levels it is recommended that the
IEC 61508 series of standards should be applied. If the system is purely hardware it can be analysed using familiar
techniques such as FMECA.
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The standard provides several example methods how an “application sector”, like OFCS,
could determine a recommended safety integrity level for specified product hazards. The
following is a hypothetical and very conservative example of an approach for determining a
SIL level. It is based on the “risk graph” method in Annex D of IEC 61508-5.

D.5.6.1 Example for consequence analysis

Risk (with no safety-related systems in place) is considered to be a function of the frequency
of the hazardous event and the consequences of the event. For this example, a risk graph
method is used to determine the SIL value. The figure below is the risk graph taken from one
of the IEC 61508 standards.

i

Startinlg point
for risk feduction | ¢,

e
P
i
F
Py
estithation e i
. Dl

E£:t the
n the
ductign and the safety|integrity
levelNg shown in the table.

Safety integrity level

i 2 Mo safety requirements

C=Col

F=Fre
paramefer

a Mo special safety
requirements
b.c 1

d 2
ef 3

[¢] 4

h An E/E/PE SRS is not
sufficient

P = Possibility of avoiding hpzar
paramefer

W = Prgbability of the\uwiw;
ocourrefice

a b, ¢ | h=Estimates of the reguived sk

reducticin for tW

IEE 7 &667/98

Risk graph example from IEC 61508-5 Clause D.5

D.5.6.1]1 Step Y- Consequence evaluation

In the 61508 standard, four consequence levels are classified as shown in Table D.6 below.
In the case of OFCS, for skin or eye damage, the consequence risk level could very
conservatively be assigned C,.

Table D.6 — Consequence classification from IEC 61508-5 Table D.1

Consequence Risk Level Classification
C Minor Injury
C, Serious permanent injury to one or more

persons; death to one person

Cj Death to several people

Cy Very many people killed
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2 Step 2 - Frequency evaluation

In the IEC 61508 series of standards, frequency and exposure time in the hazardous zone
must be assessed and can be assigned one of two values as specified in Table D.7 below.
A very conservative estimate for an OFCS example is an assignment of risk level F,

Table D.7 — Frequency classification from IEC 61508-5 Table D.1

D.5.6.1.

values @s specified in Table D.8 below. In this ex
made.
Table D.8 — Possibility of avoidir{h\&r{ﬁ%' i
Possibility of avoiding the ssjifkcation
hazardous event — Risk Ig¢vel
P4 \ \\ Po}s@ der certain conditions
Py )Aln(\o;Pimpossible
D.5.6.14 St@ probability of the hazardous event taking
witho ted’ systems
The las{ assignment s y'of the hazardous event taking place without any
related |syst ine. of unwanted occurrence (see Table D.9 below).
example the xisk le V1-W3 is assigned.

Frequency of, and exposure | Classification
time in, the hazardous zone
— Risk Level
F4 Rare to more often exposure in the
hazardous zone ~
F, Frequent to permanent exposuren
the hazardous zone A (

from IEC 61508-5 Table D.1

Rrobability of the unwanted Classification

b of two
el P, is

e D.1

place

safety-
For this

P 2 |
ACATASAC R R B RACACINEESS wnavh A D)

Wy A very slight probability that the unwanted
occurrences will come to pass and only a few
unwanted occurrences are likely

W, A slight probability that the unwanted occurrences
will come to pass and a few unwanted occurrences
are likely

W, A relatively high probability that the unwanted

occurrences will come to pass and frequent
unwanted occurrences are likely
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D.5.6.1.

5 Step 5 — Mapping onto the graph

Mapping these parameters onto the risk graph (Figure D.3 above) yields, under the most
conservative conditions, an assignment of a reliability level of SIL 1 for a skin or eye hazard.
(The other methods described in the IEC 61508 series of standard also converge to SIL 1

using th

D.5.6.1.

e same criteria.).

6 Step 6 — Determination of the reliability of the APR system

In the following steps only SIL 1 has been considered. For SIL levels other than 1, refer to the
IEC 61508 series of standards. For these SIL levels hardware random failures, hardware fault
tolerance and the safe failure fraction should be taken into account according to IEC 61508-2.

The Slls are presented as two sets of number ranges — one set for hj bde and

one set|for low demand mode for the safety device. After installation, Eems are

seldom |disturbed in any fashion that would unintentionally breakdor $I path.

Therefofe, there would be a very infrequent need for the automat (APR)

system o shut down or reduce the optical power. In the termi series,

the APR would operate in a “low demand mode” (see definit

NOTE Fpr example, mean time between failures for optical fibre c the range

of 2 yeard to greater than 160 years. See Tables 1 and 2 in Coch

Table D.10 — Modes of operation — Defi
Term < < ° C I&{efihﬂi}on)\/

Mode of|operation Way in which a safety>xelated s tem\le,er(ded to be used, with respe¢t to the
frequency of dgmands madeXuponNg, which may be either:

Low dempand mode where the frequend dem Wperation made on a safety-related |system
man ohe pex yearand'no greater than twice the proof-test
frequericy; or N

High defand or continuo ere\{he que demgnds for operation made on a safety-related [system

mode N ater thamone per year or greater than twice the proof-check frequgncy.

NOTE 1 High demand ox continuou ode.co rs\bk\o?gsafety-related systems which implement continugpus

control t¢ maintain ad afety (e.g.(@pressyre Tfegulator valve).

Fora S 0-'" and

1072, T e APR,

mechan

In this ¢ r should

be less

than.0,1 (see/Table D.11).

Table D.11 — SIL values from 7.6.2.9 of IEC 61508-1

Safety integrity Low demand mode of operation

level
(Average probability of failure to perform its

design function on demand)

>10-5 to <104

>10-4 to <10-3

N | w | >

>10-3 to <10-2

1 >10-2 to <101
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Concerning random hardware failures the SIL level or probability of failure of an automatic
power reduction system is the APR unavailability. If the APR is continually monitored with
alarms to alert to a malfunction of the APR or periodically tested, this unavailability is
determined by both the APR equipment reliability and the operator repair time (mean time to
repair or MTTR) in the event of an APR failure. Equipment reliability is often expressed as FIT
rate (failures in 109 hours). Consider the following equation:

- FIT MTTR
SIL level = APR unavailability = rate x

9
10 (D.1)
thus FIT rate = MMOQ
MTTR

where
SIL levgl is failures/demand,
MTTR is mean time to repair in hours and
109 is the conversion from failure rate in failures/hou s i0aillres™M0® hgurs.
The foll time to fepair a
failed safety system. The range for SIL level 1 safety’sy vighlighted.

N\ JAN
FIT rat@@% 'ntegﬂ')y levels
100'000'000

Sk 1
1'000'000\

— ]

N
o
I

IT rate (failjresllo9 hours)
/%7
o

One day One year

One month
1 — : L !
< 1 10 100 1000 10000

Mean time to repair (hours)

\./ IEC 666/p4

Figure D.4 — Graph of FIT rate and mean time to repair

D.5.6.1.7 Step 7 — Reducing the risk from systematic failures

For SIL 1, IEC 61508-2 and IEC 61508-3 highly recommend at least the following methods to
reduce systematic failures:

a) program sequence monitoring, e.g. watchdog, logical monitoring of program sequence,
temporal monitoring with online check;

b) software design using structured methods, e.g. JSD, MASCOT, SADT, Yourdon;

c) measures against voltage breakdown, voltage variations, overvoltage, low voltage;

d) separation of electrical energy lines from information lines;

e) increase of interference immunity;

f) measures against the physical environment, e.g. temperature, humidity, water, vibration,
dust, corrosive substances;
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g) measures against temperature increase, e.g. temperature sensor, fan control, thermal
fuse, temperature alarm, forced air cooling and status indication;

h) spatial separation of multiple lines carrying duplicated signals;
i) modification protection, e.g. plausibility check of signals or detection by automatic start-up
tests.

For further information and details to the above mentioned methods see IEC 61508 [5],
Parts 2 and 3.

D.5.6.1.8 Fit rate determination

The reliability of the APR system is a continuum that is dependent on the responsible use and
maintedance of these systems. For APR functions with a very low

maintenance of the APR function needed if the product is taken o
specified lifetime of the APR function. For all other systems the

consequently the FIT rate, is dependent on the possibility that any\fai can be
detecte¢d and the operator alerted 3 as the
respongiveness of the operator to respond to any alarms that ' ilune in the
APR.

Since efjuipment manufacturers do not have control dver th i tems, it
may be|useful to propose specific FIT rates — rath gt d mean
time to fepair (Figure D.4). Manufacturers are lik€Iyx tQ 8 \ 1) have
frequent or continuous diagnostic testi desih red. For

continu;tus diagnostic testing, monitoring, ing/iti that a failure in optigal fibre
communications systems would be rep ithi 2y, therefore MTTR = 24 hours.
Systems that do not test the safety-rela sumay operate unattended for long periods,
but sometimes these systems are lik 8 repaired, tested or replacgd every
couple pf years. Therefor€, i ajr ‘can sometimes be considered to be

(104 h),lor MTTR = 104 h, whic

Table/KlgDéﬁ&
Diagnostic\tm(s Classification Mean time to repa
onitoring of ety-relat

S)QA{I

M \ Ment or continuous diagnostic testing 1 day (24 h)
and monitoring performed on the safety-
related system

M No monitoring, but frequent diagnostic 1 year (104 h)
testing

uipment monitoring classification

3

No monitoring and no testing; system is 20 years (2x105 h)
taken out of service before the specified
end of life of the APR

With this information, the FIT rate can now be determined. As an example, consider a
communication system operating at 1 550 nm where the optical power under normal operation
(no fault detected) exceeds Class 1M but is below the upper limit of Class 3B. Let us say that
we wish to enable the OFCS to operate in an unrestricted location. To facilitate this it is
necessary for the radiation accessible under reasonably foreseeable fault conditions to be
limited to hazard level 1, and, given the Class of laser emitter, an APR system is needed. The
maximum permitted FIT rate should be assigned as the upper limit of a SIL 1 level system.
From Equation (D.1) and Figure D.4 above, it can be seen that the minimum requirement (i.e.
the maximum acceptable FIT rate) would be 4 x 108 FITs for a continuously diagnosed system
with a mean time to repair (MTTR) of 24 h, 104 FITs for a system with a MTTR of 1 year, and
500 FITs for a system without continuous diagnostics.

FIT rate specifications can similarly be determined for other consequence risk levels (see the
IEC 61508 series).
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Table D.13 — FIT rates from example above

FIT Rate
Safety Consequence M4 M, M3
integrity (Continuous (Frequent (No monitoring)
level diagnostics) testing)
SIL 1 Serious permanent injury to one or <4x106 <104 <500
more persons; death to one person —
e.g. retinal damage, small fire (C,)

D.6 Suggested working practices
The following working practices may be regarded as examples of actice, pnd are
recommended when working with OFCS. Different working practices\may \apply’in _fifferent
circumsfances.
D.6.1 General working practices
The fol on an
OFCS:
Viewing any 4dnapproved collimating

ople.
Viewing
Fibre en xample,
(single material
multiple n. They

or tape.
Ribbon ribbon
Test co E last to
Fibre of] g off-cuts and dispose of them in an approved contaiper. The
Maintenan system
Cleaning Use/only approved methods for cleaning and preparing optical fibfes and

optical connectors.
Modification Do not make any unauthorized modifications to any OFCS or associated
equipment.

Board Board extenders should not be used on optical transmitter cards. Do not
extenders power optical sources when they are outside transmitter racks.

Label damage
Key control

Test
Equipment

Report damaged or missing optical safety labels to line management.

For equipment with key control, the keys should be placed under the control
of a person appointed by management who should ensure their safe use,
storage and overall control. Spare keys should be retained under strict
control procedures by a nominated line manager.

Use test equipment of the lowest class necessary and practical for the task.
Do not use test equipment of a higher class than the location hazard level.
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Signs Area warning signs are required for locations exceeding hazard level 1M.
Area signs may be displayed in locations of lower classification.

Alarms System alarms, especially those indicating that the APR or any other safety
system is inoperable, should be responded to so that repair takes place
within specified time.

D.6.2 Live working practices for hazard levels 1, 1M, 2, 2M and 3R

When working on live/energized systems (e.g. when optical signals are being transmitted
along the fibre of an OFCS) it is recommended that the working practices listed in D.6.1 be
used.

D.6.3 Working practices for hazard level 3B

Working on an energized system (sometimes referred to as ‘lix ipns with

hazard |level 3B allocated is not recommended.

Respongible and adequate OFCS safety and training program & established and
maintaimed by management Personnel engaged in ista M 3 érvicing OFCS
should & Al nsafe condifions or
abnorm

If worki & el 3B is not permijted (as
describged above), then the following wotki ¢ used:
— all g

— the ould be de-energized, thergby de-

— ched oti he fibre by using an approved optical pow¢r meter
capad P ' i

—  Cove nmated
conr Chanism
ora

— use splicing
machi

— whe hnected
and

D.6.4

When dé-energizing an OFCS (if working on energized systems is not permitted), the
following procedure should be adopted.

a) A nominated person at an optical power source should:

— have been trained to an appropriate level on the type of equipment which has to be
switched on and off;

— be conversant with the instructions and safety requirements relating to the previous
paragraph and with any additional local instructions and circumstances;

— have a responsible attitude to safety.

b) Nominated persons should be appointed by line management and be notified of their
appointment.

c) A list of nominated persons at each installation should be recorded and prominently
displayed.
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d) Before starting work, the person authorized to carry out the work (the originator) should:

e) On
nomjnated person should:

contact a nominated person at the appropriate optical power source and request that
the power on the relevant fibres be switched off;

on duplex systems, a nominated person should be contacted at each end;

on being informed that the power has been switched off, complete the necessary
forms, which should be retained by the originator. These forms need not be completed
if the originator and the nominated person are one and the same;

verify (with an energized/live fibre identifier or optical power meter) that the power is
off;

on completion of the work, inform a nominated person at the appropriate optical power

ourcels)
SOUHGe(S)-

receipt of a request from an originator to switch off an opti Fce, the

necord the time and date of the request and the details of th i P should

gomplete the warning label and affix it to the appropris ati he point
qf disconnection, for example equipment ra bRip Ut ould be
gttached for each originator;

yce was

- priately
g source.
\ off, the
qource should not b
D.7 Maximum outp
Table D|.14 Iists i e mode
OFCS which shut\déwn t j 3 s for
restrictg ined in

Annex H

The equ

L
TH2MPE
a )
An alternative form of this equation is:
2
p _ md’MPE 1 :
4t ‘Ita)od
1-exp| -0,125) ———
ANOHD

where
2]
P

is the mode field diameter (1/e2 power density) (m);
is the total power in fibre (W);
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