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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 4-2: Installed-eable cabling plant -
Single-mode attenuation and optical return loss measurements

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate internat|onal
-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC "Rublication(s)”).

Their

reparation is entrusted to technical committees; any IEC National Committee interested«in the subject dealtjwith
ay participate in this preparatory work. International, governmental and non-governmeéntal organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with thé International Organizatioh for

tandardization (ISO) in accordance with conditions determined by agreement, between the two organizatio

interested IEC National Committees.

isinterpretation by any end user.

Ip order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their national and regional publications. Any divergence bet
9

IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

ns.

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat|onal
donsensus of opinion on the relevant subjects since each technical ¢ommittee has representation from all

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are madeto ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
n

ions
veen

ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

mity

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama
her damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
indispensable for the ‘cafrect application of this publication.

e or
and
IEC

hs is

IEC draws attention”to the possibility that the implementation of this document may involve the use of (a)
atent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rights in

respect thereef“As of the date of publication of this document, IEC had not received notice of (a) patent(s),

hich

ay be required to implement this document. However, implementers are cautioned that this may not reprgsent
the lateSt-information, which may be obtained from the patent database available at https://patents.iec.ch
hall not'be held responsible for identifying any or all such patent rights.

IEC

ges

made to the previous edition IEC 61280-4-2:2014. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 61280-4-2 has been prepared by subcommittee 86C: Fibre optic systems and active
devices, of IEC technical committee 86: Fibre optics. It is an International Standard.

This third edition cancels and replaces the second edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edit

ion:

a) addition of the equipment cord method;

b) Bddition of test limit adjustment related to test cord grades;
c) fefinements on measurement uncertainties.
The|text of this International Standard is based on the following documents:
Draft Report on voting
86C/1912/FDIS 86C/1916/RVD
Fulllinformation on the voting for its approval can be found in the report on voting indicated in
the pbove table.
Thellanguage used for the development of this International Standard is English.
Thig document was drafted in accordance with ISONEC Directives, Part 2, and developef in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The .main document types developed by IEC |are
destribed in greater detail at www.iec.ch/publications.
A list of all parts in the IEC 61280 series, published under the general title Fibre dptic
communication subsystem test procedures, can be found on the IEC website.
Thel committee has decided that the contents of this document will remain unchanged until the
stability date indicated on theé IEC website under webstore.iec.ch in the data related to|the
spetific document. At this date, the document will be
e feconfirmed,
e Withdrawn, or
e fevised.
IMPORTANT — The "colour inside" logo on the cover page of this document indicafes

of

its contents. Users should therefore print this document using a colour printer.

that it contains colours which are considered to be useful for the correct understanding
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INTRODUCTION

This document is part of a series of IEC standards for measurements of installed fibre optic
cabling plants. This document is applicable for the measurement of installed single-mode fibres.

Cabllng des|gn standards such as ISO/IEC 11801 1—£94Leemmeﬁe+34—p;em4ses—LSQAEG—247—92

eabmg%entam—speaﬂeaﬂens prowde general requwements for thls type of cablmg These
standards support cabling lengths of up to 2 km for commercial premises and data centres jand

up to 10 km for industrial premises. ISO/IEC 14763-3, which supports-these-design-standafds;
makes reference-to-the test methodsof this-standard ISO/IEC 11801-1, normativelyrefererices
IEC|61280-4-2.

Varjous recommendations from ITU-T have requirements for longer distahce applicatipns,
including short haul (40 km), long haul (80 km), and ultra-long haul (460 km). The testing of
cable cabling plant for these applications is covered in ITU-T Recommendation G.650.3, which
refers to the test methods of this document.
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FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 4-2: Installed-eable cabling plant -
Single-mode attenuation and optical return loss measurements

Scope

part of IEC 61280 is applicable to the measurements of attenuation and optical return
h installed optical fibre-cable cabling plant using single-mode fibre. This-cable cabling p
include single-mode optical fibres, connectors, adapters, splices, and other pas

gnated by IEC 60793-2-50 as Class B fibres.

principles of this document-may can be applied to-cable cablingplants containing branc

bre amplifiers or dynamic channel equalizers.

Normative references

stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including

860793250
ASA-EER-A~ e —aaS A

oss
lant
Sive

ces. The cabling-may can be installed in a variety of environments including/residential,
commercial, industrial and data centre premises, as well as outside plant envirophments.

ose

ning

ces (splitters) and at specific wavelength ranges in situatiohs where passive wavelength
selgctive components are deployed, such as WDM, CWDM and DWDM devices.

document is not intended to apply to-eable cabling{plants that include active devices guch

following documents are referred to.if‘the text in such a way that some or all of their content

ies.
any

IEC 61300-3-35, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 3-35: Examinations and measurements —Fibre-optic-eylindrical
connector-endface Visual inspection of fibre optic connectors and fibre-stub transceivers

IEC

61315, Calibration of fibre-optic power meters

IEC 61746-1:2009, Calibration of optical time-domain reflectometers (OTDR) — Part 1: OTDR
for single-mode fibres
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IEC TR 62627-01, Fibre optic interconnecting devices and passive components — Part 01: Fibre
optic connector cleaning methods

3 Terms, definitions, graphical symbols and abbreviated terms

3.1 Terms and definitions

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

ISO_,and IFEC maintain terminology datahases for nuse in standardization at the follow
addfesses:

ng

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

dev|ce that enables interconnection between terminated opti€alfibre cables

3.1.2
attegnuation
med e-o

L75H00eg o AP P L)

Altemhatively—attenuation—may—be—expresgeg—as—L=—10xHog, ;<P P, )—Both—equations—are—mathematically

redyiction of optical power induced through a medium like cabling given as 4:
A =10 xlog1g (Pin/Pout)
whdre

P;, find P 5w are the power, typically measured in mW, into and out of the cabling

in

Notel 1\o7entry:  Attenuation is expressed in dB.

Note 2 to entry: Alternatively, attenuation can be expressed as 4 = -10 x log,, (P,,/P;,).- Both formulae are

mathematically equivalent, resulting in positive decibel values.

3.1.3

bi-directional measurement

two measurements of the same optical fibre made by launching light into opposite ends of that
fibre

3.1.4
configuration
form or arrangement of parts or elements such as terminations, connections, and splices
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3.1.5

connector

component normally attached to an optical cable or piece of apparatus, for the purpose of
providing frequent optical interconnection/disconnection of optical fibres or cables

[SOURCE: IEC TR 61931:1998, 2.6.1, modified — The words in brackets, "(optical) (fibre)", have
been omitted from the term.]

3.1.6
light source and power meter

LS
tesrt’pl:'ystem consisting of a light source (LS), power meter (PM) and associated test cords\ysed
to measure the attenuation of an installed-eable cabling plant

3.1
optical return loss
ORL

RoRL
rati¢p of the input power, P;

the cabling under test:

in» Of the cabling under test to the backward power, P, reflected by

ORL=140-tog PP

RorL = 10 x logo(P;,/Py)

Note| 1 to entry: Optical return loss is a positive number.

Note] 2 to entry: Optical return loss is expressed in dB.

3.18
opt|cal time domain reflectometer
OTDR

test|system consisting of an optical time-domain reflectometer and associated test cords, used
to characterize and measure the attenuation and optical return loss of an installed-eable cafling
plant and specific elements within that-eable cabling plant

3.1.9
plug
freg connector

malg part of a conhector

[SOURCE: |[EE TR 61931:1998, 2.6.2]

3.1/10

refdrence-grade termination
connector plug with fightened folerances terminated onto a single-mode opfical fibre with
tightened tolerances such that the expected-tess attenuation of a connection formed by mating

two such assemblies istess-than-oregqualto-0:2-dB lower and more repeatable than a standard-
grade termination

Note 1 to entry: An adapter, required to ensure this performance,-may can be considered to be part of the reference-
grade termination where required by the test configuration.

Note 2 to entry: } } nhection ired-in-IEC 61755-2-4 for
non-angled (PC) and IEC 61755 2- 5 for angled (APC) cylindrical ferrule connectors define reference-grade
terminations. These standards-may can be referenced for further information.
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A1

reference test method

RT

hod used int onof adi

test method for measuring a given characteristic strictly according to the definition of this
characteristic, and giving results which are accurate, reproducible, and relatable to practical
use

[SOURCE: IEC TR 61931:1998, 2.8.1, modified — The words in brackets, "(for optical fibres)",
have been omitted from the term.]

3.1
ref
R

for

comp

component, to the input power, P, into the component:

Note| 1 to entry: Reflectance is a negative number.

Note| 2 to entry: Alternatively, this is referred to (e.g. by IEC 61300-3-6) as the return loss of individual compor|

and

Note] 3 to entry: Reflectance is expressed in dB.

3.1
ret
RL
tes

and| additional external power meter and associated test cords used to measure the op
return loss of an installed cabling plant

3.1

socket style connector
fixef-connector;socket
conhector for which-the adapter, including any alignment device, is integrated with

permanently attached to the connector plug on one side of the connection

Note| 1 to entry: )Examples include the SG connector (see IEC 61754-19) and many harsh environment conned
3.1/15

tes{ cord

N2
lectance

p discrete component in the cabling, ratio of the backward power, P, reflected by

Reflectance = 10 x logo(7, 7 )

R =10 x logyq(P,/ Pi,)

comp

s expressed as R = —10 x log, (P, / P,,), which is a positiv€ Aumber.

N3
urn loss test set
TS

N4

the

ents

t|system consisting of a light source{LS) and internal power meter (PM), directional coupler

ical

and

tors.

terminated optical fibre cord used 0 connect the optical source or detector to the cabling or to
provide suitable interfaces to the cabling under test

Not

e 1 to entry: There are five types of test cords:
launch cord: used to connect the light source to the cabling;

receive cord: used to connect the cabling to the power meter (LSPM only);

tail cord: attached to the far end of the cabling when an OTDR is used at the near end. This provides a means of

evaluating attenuation and optical return loss of the whole of the cabling including the far end connection;

adapter cord: used to transition between sockets or other incompatible connectors in a required test configuration;

substitution cord: a test cord used within a reference measurement which is replaced during the measurement of

the-less attenuation of the cabling under test.
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3.2 Graphical symbols

The graphical symbols shown in Figure 1 for different connection options-have-been-adapted
from1EC 61930 are as given in IEC TR 61930:1998, except for the angled connector pair shown
in Figure 1 g).

a

\ c

N

B —
\

[

IEC

IEC

b) Connector set
(plug, adapter, plug)

LS $~' P PM

a) Socket and plug assembly

IEC IEC
c) Light source d) Power meter
IEC IEC
e) Generic connection f) Pinned-to-unpinned connection
IEC

g) Angled connector pair

Key

a socket

b plug

c plug-adapter assembly

d pllug inserted into plug-adapter assembly

LS light source
PM power meter

P, measured power level

Figure 1 — Connector symbols

NOTE 1 |In Figure 1 b) and elsewhere in this document, the plugs are shown with different sizes to indicate
directionality where the cabling has adapters pre-attached, and the test cord does not, or vice versa. In Figure 1 b),
the plug on the left has the adapter pre-attached.

NOTE 2 Where used in all figures in this document, including those in the annexes, reference-grade terminations
and adapters are shaded with grey.

NOTE 3 A simplified two-block connection used in Annex E and Annex | is shown in Figure 1 e).
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NOTE 4 A simplified connection for pinned-to-unpinned and socketed connections used in Annex J is shown in
Figure 1 f).

NOTE 5 An angled connector pair used in Figure 8, Annex F, and Annex G is shown in Figure 1 g).

In the figures that illustrate the measurement configurations in Annex A through Annex E, the
cabling under test is illustrated by a loop, as shown in Figure 2. Although illustrated as a loop
of fibre, it-may can contain additional splices and connectors in addition to the terminal
connectors. Note that for purposes of measuring the attenuation of this cabling, the-lesses
attenuations associated with the terminal connectors are considered separately from the cabling

itself.
| |
|
i\
IEE
NOTE The cabling is shown with adapters pre-attached, and the plugs going into them are associated

refer]

3.3
AP(C
ASH
ATN
BBS
Cw
Cw
DW

ence-grade test cord plugs.

Figure 2 — Symbol for cabling under test

Abbreviated terms

angled physical contact (descriptiofy of connector style)
amplified spontaneous emissigns

{ alternative test method

b broadband source
continuous wave

DM coarse wavelength division multiplexing

DM dense waveléength division multiplexing

FTTH fibre to the-home

LEDO light.emitting diode

LS light source

LSA least squares approximation
LSHM—light source power-meter

OCWR opfical confinuous wave reflectometer
ORL——optical returnloss

OSA — optical spectrum analyser

NTOR aal i i rof

PC
PM

physical contact (description of connector style that is not angled)

power meter

PON . . |
ROADM . el ltin]
RLTS — returnloss-testset

with
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WDM wavelength division multiplexing

4 Measurement methods

4.1 General
4.1.1 Document structure

General requirements for apparatus, procedures, and calculations common to all methods are
given in the main text of this document. Requirements that are specific to each method are
—

insgection are described in 6.9 and 7.2.

412 Attenuation

Feuf-Five attenuation measurement methods are described in this document.“The-feur [five
megsurement methods use test cords to interface with the—eable cabling plant and |are
des|gnated as follows:

1) pne-cord reference method (see Annex A);
2) three-cord reference method (see Annex B);
3) fwo-cord reference method (see Annex C);
4) equipment cord method (see Annex D);

5) pptical time domain reflectometer (OTDR) method {se€ Annex E).

Thel first-three four methods use an optical light source and power meter (LSPM) to measgure
inpyt and output power levels of the cabling under test to determine the attenuation. The main
fungtional difference between these methods is*the way the input power level, known as|the
reference power level, is measured and;-h€nce, the inclusion or exclusion of the—ledses
attehuations associated with the connections to the cabling under test, and the associated
uncgrtainties of these connections. The-process of measuring the input power level is commonly
referred to as "taking the reference pawer level."

The|use of the term "reference™in the description of the test methods refers to the procesjs of
medsuring the input power,notthe status of the test.

The| one-cord reference\method produces results that include the attenuation associated with
conphections at both ends of the cabling under test. The three-cord reference method prodyces
resylts that attempt.to exclude the attenuation of the connections of both ends of the calbjling
under test. Theltwo-cord reference method normally produces results that include [the
attehuation associated with one of the connections of the cabling under test. The equipnment
cord method-includes the attenuation associated with the connections between the equipment
cords andithe fixed cabling, but excludes the attenuation associated with the connectors that
will bgconnected into the equipment (i.e. transmission system).

NOTE The maximum-allewed cabling attenuation specified for a transmission system (e.g. through an optical power
budget or channel insertion loss) normally excludes the connections made to the transmission equipment. It is
therefore appropriate to use the three-cord reference method where the cabling under test is intended to be
connected directly to the transmission equipment.

In the OTDR method-emits, short light-impulses pulses are injected into the cabling, and the
backscattered power is measured as a function of propagation time delay or length along the
fibre. This method also allows the determination of the attenuation values of individual cabling
components. It does not require a separate reference measurement to be completed.
Requirements for the launch and tail cords are defined in Annex E. In addition to commissioning
new cabling plant, the OTDR method is useful for optical fibre cabling testing during
troubleshooting and maintenance, since the cabling plant can be characterized by a detailed
mapping (the OTDR trace) that can be analysed to highlight any changes.
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024

Guidance on each attenuation measurement method is provided in Annex A through Annex E.
An overview of the uncertainties for each measurement method is given in Clause 5.

4.1

.3 Optical return loss

This document also defines two types of test methods that can be used for measuring the optical

retu

rn loss of installed cabling:

a) OTDR based method;
b) continuous wave method using a return loss test set.

The)
as
retu
stef

The
the

pow
mea
can

OTDR method allows the optical return loss of the entire cabling to be measured as

providing-measurements—of the reflectance of individual discrete components or the op

rn loss of specific sections of the cabling. The measurement-may can be carried out in
from each end of the cabling under test. This method is described in detail in)€lause

continuous wave method described in Annex F directly measures the forward power
cabling under test as an initial measurement step and then compares this with the refle

surements are required to quantify the attenuation through thecdirectional coupler an
Cel out any internal reflections in the measurement apparatus;

well
ical
one
5.

into
tted

er measured back through a directional coupler. Additional réference or calibration

d to

4.2,

Thig

continuous wave test iethod described in Annex G calculates the forward power level
reflected power in a similar way to the method described in Annex F. An additional referg
surement of a knowrrreflectance termination is required to implement this method.

Cabling configurations and applicable test methods

1 Cabling configurations and applicable test methods for attenuation
measurements

document assumes that the installed cabling takes one of-three the four forms show

nce

Tal

A_1c 4 [T . —t : PR bl ! 4 4l + 4 ! 1 el 4 : el :
C 1. 1T IS LAUTTTY 15 teTTmiatcu Wit dait daUdplicr, UIC (51 CUTU STidIT DT LCTTTTTatcU Wi

plug and vice versa.

Table 1 — Cabling configurations

Configuration Description End connections attenuation included
A Adapters attached to plugs or sockets attached to Two
both ends of the cabling
B Plugs on both ends None
Mixed, where one end of the cabling is terminated
with an adapter and the other end is terminated One (terminated with an adapter)
with a plug
D Plugs on both ends utilizing equipment cords None
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configuration. For example, a common cabling configuration is that of having adapters or
sockets on both ends of the cabling (e.g. within patch panels) awaiting connection to-electronic

fibre optic transmitter or receiver equipment with an equipment cord. This corresponds to
configuration A. In this case, the one-cord reference method is used to include the-lesses

The variations in test method used to measure the cabling are dependent on the cabling
attenuations associated with both end connectors of the cabling as illustrated in Figure 3.

TC2

TC1

1

afr

o15—3ah

gt

2

HgHre~4—15ah

APt

End of
measured loss

NOT

\J

cadtelugsonnostionc,

conficuration B
CORHgUaton5-

NOT|

\J

) k)
23 20
¥ & = 9
e .ru |nw g
¢ & D
= & ¢ P Mw
I 3 @ o€
&0 d r
RS b O B
= O %
T o q
- (4. L
Lol o £ e
Ql o pU - &
G v b @ 3
g% 2w
%3 £ 3 P
® H Inw +5
T a@ W_H b MW 3
> 9 ¢ NS =
3 To [ 8 ;
& Mm Mu mn .m.v. m .mu
3 r R
2 Py 2 .MW N q
- % % =) Q 2
Q3 T 5 ®

73 H G O]

» o - o» 3 N
- 2 ol LT ~ T 1)
[ole b @ T O D

o 2 g [
o [ o P =
02 B2 &5 2 P
Y ok o e 2
9] “+ L £ 55 r
L $ P e
- £ g9 s
o D D w @ T
s T : <
< b F € =
2% 29 £
P .rmw D% P
37 o I » >
>2 T -5 @ o
S Y o S ;:
[ <s D O [l e] D
q hn_w (ORNO) v 0 ¢

@ L3 ()l L > £

o ) < o D g o)
— = 2] = B p2
o o £ nw 2 F IS =+
@ @ P ¢ ¥ E:
= 32 Md <2 > ® q
D w“ T | -

9] )

D P o D -

E o £ @ 3) g 5
o) T © d (@]
Fa ¢ = =
& o o g
T & ¢ @ B
D 4 T g q

Y =)
o D 1 g
P L ¢ 5
o D = 9
T - o]
o 3 ;
o -
DY 2 &
g =+ m

-

)

G @

© Py

i 1

3 fen

) ()

Start of
measured loss

IEC 2087/14



https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

o
TC1 TC2 b:{‘
s | A A & = A 1 U Y
1 o] 2 a.
h‘/
,V
Start of measured End of measuregﬁ)
attenuation attenuation r\
Ca, EC
Key Q/C)
. A\
LS light source (S)\
TC1 launch cord Q
C cabling under test QQ
TC2 receive cord 0\\
PM power meter @5\
1,2 connector sets \\s\
P, measured power level $
.\Q,

NOTE Figure 3 is an example of cabling in‘éonfiguration A with test cords TC1 and TC2 attached, illustrating the
startland end points of the measured att@ations when the reference test method is used (the one-cord refergnce
metHod as detailed in Annex A). \jr

. , N\ o

Figure 3 - Conﬂgur@}on A — Start and end of measured attenuations in RTM
Andther example is @Iing configuration where ruggedized pigtails have been spliced ¢nto
the pnds of the maq:%I ble, and the connectors on the pigtails are to be directly connected |into
the [fibre optic transmitter or receiver equipment. This corresponds to configuration B, whigh is
illugtrated in re 4. In this case, a three-cord reference method is used to exclude|the
atte uation? the end plug connections. Figure 4 illustrates the start and end points of|the
megsur enuations when the reference test method is used (the three-cord refergnce

metho detailed in Annex B).

N
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TCA1 TC2
= Z’SA’E\‘E = \Epz P
1 C 2
Start of measured End of measured
attenuation attenuation
c
Key
LS light source
TCA1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, measured power level
NOTE The plugs are shown with different sizes to indicate directionality,where the cabling has adapters|pre-
attaghed, and the test cord does not, or vice versa.

Figure 4 — Configuration B — Start and end of\tmeasured attenuations in RTM
Figyre 5 shows an example of cabling in configltation C with test cords attached, illustrating
the jstart and end points of the measured attentiations when the reference test method is Used
(thel two-cord reference method as detailed i¢Annex C).

TC1 TC2
oy NN e o
1 C 2
Start of measured End of measured
attenuation attenuation
EC
Key
LS light source
TCA1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P measured power level

Figure 5 — Configuration C — Start and end of measured attenuations in RTM
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A further example is a cabling configuration in which equipment cords are installed on both
ends of the cabling and are awaiting connection to fibre optic transmitter or receiver equipment.
This corresponds to configuration D, which is illustrated in Figure 6. In this case, the equipment
cord method (or, when this is not practical, the three-cord method) is used to exclude the
attenuation of the end plug connections.

TC1 EC1 EC2
Ls Z!S"’E‘E‘E B\ =5 », P
3 1 C 2 \/
| 3
A
Start of measured End of meas @l/
attenuation attenuatl&ﬁ/
A . Fc
"
Key Q,
LS light source
N

TC1 launch cord

©
ECA1 equipment launch cord Q/C)
;\\

C cabling under test

EC2 equipment receive cord Q
PM power meter QQ
1,2,|3 connector sets \\

P, measured power level @5\\)

Figure 6 — Configuration D — Stgf&d end of measured attenuations in RTM

Thel| specific configuration used in th-e\\attenuation measurement (i.e. A, B, C, or D) defines|the
test| method (or test methods) ths\QhouId be applied, as described in Table 2. The refergnce
testimethod (RTM) offers the b measurement accuracy. Alternative test methods (ATM) may
be talled up in specific cﬁg@t’s‘tances, or by other standards, but are subject to redyced
megsurement accuracy compared with the reference test method. Unless otherwise agre¢ed,
resglutions of dispute shall employ the appropriate RTM in conjunction with the applicable
reference-grade terr@ ions and adapters, as described in 6.3, 6.4, 6.5, and 6.10.
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Table 2 — Test methods and configurations

Configuration RTM ATM
A Annex A (1-cord) Annex B (3-cord)3, Annex C (2-cord),
Annex E (OTDR)
Annex B (3-cord) Annex E (OTDR)
Annex C (2-cord) Annex B (3-cord), Annex E (OTDR)
Annex D (equipment cord) Annex B (3-cord), Annex E (OTDR)

NO

TE The configurations, RTMs, and annexes are ordered according to the frequency in which different

co

a

figurations are typically encountered.

For situations where pinned-to-unpinned or plug-to-socket style connectors are used, such as MTRY, SQ
another harsh environment connector, where the power meter does not accept the unpinned or plug«conne
of the launch cord, the method illustrated in Figure C.3-may can be used.

Where information is required about the discrete components installed within the cabling under‘test, Anne
is the only one of these test methods that provides this information.

or
tor

X E

4.2.

Any|
defi

The
mea
cab

of the ORL measurement as shown in Figure E<S.

The

[=VaYal

2 Cabling configurations and applicable test methods for-optical return loss
measurements

of the cabling configurations described in 4.2.1 can be,measured using any of the t
hed ORL test methods described in Annex E, Annex F, and Annex G.

OTDR ORL test method described in Clause<E.5 requires no separate refere
surements to be taken and is least likely to becaffected by measurement errors. When
ing is tested using suitable launch and tail cords, it is easy to define the start and end po

contlnuous ave ORL test methods, déescribed mArmeae&Meh%prewd&m&p

ree

nce
the
ints

tost

hat

aCo

ohw
met]
san
leng
left

Hen
end
con

The
des
the

irata W nrovided-that reference-measurements-are-catriedoutcorrectlvand
irate ORLr Sproviaeathatreterence-measudrementsare-carHea—o ofrectryaha

aﬂtedﬁteﬂeeneﬁwe%empiﬁessed Annex F and Annex G offer a way to measur
hod described in Annex G is dare applicable for field measurements because it uses
e light source and power meter. Particular care-needs-te shall be taken if a short (< 10
th of cable is tested with«a’PC (non-angled) connector at the far end. If this connectq
open, the unwanted reflection from this glass-to-air interface will dominate the total O
ce the use of a tailicord with PC connection at one end and APC connection at the o

as shown in Figure F.1, helps to suppress the glass-to-air reflection whilst providir

.

alternativg—configuration test method of continuous wave (CW) ORL measurement

cribed in_Annex G, does not include a direct measurement of the forward power going

ternrinations.

ot

The
the
km)
ris
RL.
ther

g a

ribution from asrepresentative reflectance from a connector pair at the far end of the system.

as
into

system” under test, and requires reference measurements on known reflectance

5

Overview of uncertainties for attenuation measurements

General

The measurement uncertainties should be determined using the calculations provided in

IEC

TR 61282-14.

Even if a calculation spreadsheet is provided, the full calculation of measurement uncertainties
is relatively complex due to the large number of considered parameters. Subclauses 5.2 to 5.8
provide an alternative to this calculation.
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5.2 Sources of significant uncertainties

For typical conditions, calculations using IEC TR 61282-14 show that significant sources of
uncertainties are limited to those generated by source instability, measurement method, and
connector mating reproducibility.

Other sources of uncertainties, such as source wavelength, measurement resolution, power
meter linearity, are less significant and do not impact measurements, because the accumulation
of uncertainties is a quadratic summation.

5.3 —GCensideration-ofthepowermeter

The| power meter (PM) should have a detector large enough to capture the entire incident light.
In this way, the attenuation and uncertainty associated with coupling the receive cord to|the
power meter is minimal.

5.4| Consideration of test cord and connector grade

5.4 General

A H Urce f unecertaintyv—involves—the-connection of the termimated cablina to-the ltest
A tHee—oH—tdhRcertaHhty—1hVotHY the—conhectHon—ottne—termiAatea—cabHhgto—theftest

eqmpmenFThe attenuation and reflectance associated with the_ t&st cord connections-may|can
be different from the attenuation and reflectance present when thé cabling is connected to other
cords or transmission equipment. The use of reference-grade” terminations on the test cords
redyices this uncertainty and improves reproducibility of the’xmeasurement, but the allocation of
acceptable attenuation is-changed different, as listed in/Table H.1.

Tes} cords can be reference-grade or standardsgrade, so that two different measurement
conflitions shall be considered. Using referénce-grade connectors on test cords redyces
megdsurement uncertainty but changes the test,limits that should be applied when a pass o1 fail
assessment is required, whereas using ‘standard-grade connectors implies a much higher
megdsurement uncertainty, which sometimes exceeds the actual attenuation measurement (see
Tabje 3 and Annex H) although no adjgStment of test limits is necessary.

Thble 3 — Test limit adjustment and uncertainty related to test cord connector gradle

Tpst cord termination Cabling ar_id egulpment Test limit adjustment Total uncertainty
grade cord termination grade

SM|reference-grade SM standard-grade A lower test limit is Can be estimated using

required for most IEC TR 61282-14 defalilt
measurements, including values

the one-test cord

reference method and

OTDR testing. However,

the 3-test cord reference

method requires a higher

test limit. See Annex H

for more details and

examples.

SM standard-grade SM standard-grade None Uncertainty values are
higher than the values
estimated using the
IEC TR 61282-14 default
values (see Table 4)

5.4.2 Mode field diameter variation

If the test interfaces-have employ fibres with significant differences in mode field diameter,
additional attenuation-may can be introduced that will affect the measurement accuracy.-The
single-mede Optical interface standards-give developed for single-mode fibres provide details
of the attenuation introduced by mode field diameter mismatches, see for example IEC 61755-
2-1 for non-angled interfaces and IEC 61755-2-2 for 8-degree angled interfaces.
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5.5 Reflections from other interfaces

When conducting optical return loss measurements, reflections from other interfaces can be a
significant cause of measurement uncertainty, particularly for the continuous wave method. It
is important to configure the cabling under test such that unwanted reflections are suppressed.
For example, when testing a short length of cable, a test cord should be coupled to the far end
of the cabling under test with an angled connector at the remote end of the test cord. Usually,
the connector interface to the return loss test set has an angled connector.

For the OTDR based return loss method, the use of suitably long launch and tailleads-can-be
used cords helps to eliminate the effect of unwanted reflections.

5.6

The

be different at the source wavelength and at the transm|tter wayeléngth of the cab

Optical source

following sources of uncertainties are relevant to the attenuation measurements:

vavelength of the Ilght source——eaases—ﬂb#e—a%tenaaﬁen—vaﬂanens—beiween—sewee

, because the fibré€ attenuation

Bystem ;

spectral width of the light source—widerspectral-widths—cause-fibre-attenuationvariati

can
ling

IoRS

hetween the source \Ala\lﬂlﬂhﬂ+h and-the r‘ahlln svustem transmitter \Ma\lnlonnfh narr
S aH the—EabH ySte S

W er
VO

5.7

For
unc
med
wheg

For
the
mea
cou

-,peetFaJ—vweLths—ean—m#edﬂee—eehe#ent—mte%Feﬂee—eﬁeets because spectrally W|der

A=A~ L~ LA~ Tt e o wov o

sources can measure different fibre attenuation values” than spectrally narrower |
sources, whereas optical sources with overly narrow spectral width can introduce undes
coherent interference effects .

Output power reference

methods using a light source and power*meter (LSPM), one of the main source
brtainty is the variable coupling efficieqey of the light source to the launch cord du
hanical tolerances. To minimize this uncertainty, a reference power reading should be m
never the connection is disturbed loy stress on the connector or by disconnection.

LSPM methods, a reference, measurement shall be made to determine the output pows
launch cord which will be-coupled to the cable or—ecable cabling plant under test.
surement should be made each time the launch cord is attached to the source, as
bling-may can be slightly different each time it is carried out.

ight
ight
ired

5 of
b to
ade

r of

This

the

¢ 3

[}

[0}

5.8

Bi-directional measurements

For the LSPM methods of measuring attenuation, the test results from each end of the cabling
should be very similar. A good practice for assessing the validity of the measurement results is
to compare the measurement results from each end and to make sure that they are within a
certain tolerance (for example 0,5 dB) of each other, thus making sure that no additional
uncertainty is present due to measurement errors.

5.9 Typical uncertainties for attenuation methods A, B, C, and D

Typical uncertainties for attenuation measurements are shown in Table 4. These values were
calculated using IEC TR 61282-14 and assuming the following conditions:
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e PM: use of the same photodetector in the power meter for the reference power measurement
and attenuation power measurement; the polarity of the reference measurement is the same
as the cabling under test;

source centroidal wavelength, reference IEC 61280-1-3: 1 310 nm and 1 550 nm £ 30 nm;
source level: 2 -7 dBm (0,2 mW);

source stability: £0,10 dB (k = 2);

optical fibre: IEC 60793-2-50, B-652 and B-657;

R2 reference-grade PC connectors: < 0,2 dB attenuation, reference IEC 61755-2-4;

e [epeatability of connection: 0,05 dB.
NOTE At the time of writing, it was expected that the designation "R2" for single-mode reference grad€ gaorinegtors
with [0,2 dB attenuation will be replaced by a new designation "R_, ," in the future Edition 2 of IEC 61755-2-4 and
also [referred to as "Rs1-Grade 2" in Edition 3 of ISO/IEC 14763-31.
Table 4 — Uncertainty for given fibre length and attenuatién, at
1310 nm, 1 550 nm and 1 625 nm
Uncertainty values at 95 % at 1 310 nm
Digtance | Attenuation IEEE 802.3 ITU span type 1-cord 2¢cord 3-cord Equipmpnt
designation designation cord
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 4,0 FR 0,33 0,39 0,44 0,16
5,0 4,8 0,36 0,42 0,46 0,22
0,0 6,3 LR 0,46 0,50 0,54 0,35
0,0 11,0 S 0,72 0,75 0,78 0,66
40,0 18,0 ER 1,33 1,35 1,36 1,30
Uncertainty values at 95 % at 1 550 nm?
Digtance | Attenuation IEEE 8023 ITU span type 1-cord 2-cord 3-cord Equipmpnt
designation designation cord
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 2,5 FR 0,32 0,38 0,44 0,14
5,0 3,3 0,33 0,38 0,44 0,14
0,0 4,5 LR 0,33 0,39 0,44 0,15
0,0 7,0 | 0,34 0,40 0,45 0,18
40,0 11,0 ER S 0,39 0,44 0,48 0,25
0,8 22,0 ZR L 0,53 0,57 0,60 0,44
120,0 33,0 OIF 400ZR u 0,70 0,73 0,76 0,64
Uncertainty values at 95 % at 1 625 nm®
Distance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipment
designation designation cord
km dB dB dB dB dB
80,0 24,4 ZR L 1,75 1,77 1,78 1,73
120,0 36,6 OIF 400ZR u 2,61 2,61 2,62 2,59

1" Third edition under preparation. Stage at the time of publication: ISO/IEC FDIS 14763-3:2024.
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Uncertainty values at 95 % at 1 625 nm®

15 nm
Distance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipment
designation designation cord
km dB dB dB dB dB
80,0 24,4 ZR L 0,92 0,94 0,97 0,87
120,0 36,6 OIF 400ZR u 1,33 1,35 1,36 1,30

When the

uncertainty is larger than the measured attenuation, the measured value can be quite meaningless. In

this case, it is good practice to replace the measured value with the value of the uncertainty.

a [Although IEEE applications do not operate at 1 550 nm at the shorter distances, it is good practice t
single-mode fibre cabling at two different wavelengths (usually 1 310 nm and 1 550 nm) to identify p
issues with fibre bends; thus, knowledge of the measurement uncertainty at 1 550 nm is useful.

b [Likewise, for longer links it is good practice to measure the attenuation at a second wav

1 625 nm), even though most transmission systems do not operate at this wavelength.

est
tial

?ﬁe;bgth (e.g] at

5.10 Typical uncertainty values for single-mode attenuation testl

Typjcal uncertainties to produce Table 5 values were calculated usi
following conditions:

the

e [PTDR, linear regression: 100 data points (see notes ié‘TabIe 5);
1-3: 1 310 nm and 1 550 nm % 30 r{m;

e Bource centroidal wavelength, reference IEC 61
e pptical fibre: IEC 60793-2-50, B-652 and B- 65{Q
e R2reference-grade APC connectors: <0 2@ attenuation, reference IEC 61755-2-5.

e [epeatability of connection: 0,05 dB.

with

0,2 dB attenuation will be replaced by a
also|referred to as "Rs1-Grade 2" in Ed|t|o®3 of ISO/IEC 14763-3.

r‘

\\S\@

designation "R

\J

rl’/

r method E

r;é‘&c 61280-4-3, assunping

e Di-directional measurement, dynamic margin: > 5 dB (seQS‘(es in Table 5);

NOTE At the time of writing, it was expected‘@we designation "R2" for single-mode reference grade conneftors
4" in the future Edition 2 of IEC 61755-2-5

Taple 5 — Uncertainty for a @&en fibre length at 1 310 nm and 1 550 nm using an OTDR

and

Uncertainty values at 95 %

N
Length @} nm 1310 nm 1550 nm 1550 nm

C) nuation uncertainty attenuation uncertainty
km \y. dB dB dB dB
05 QF 3,0 0,44 3,0 0,43
2,0\ 4,0 0,45 2,5 0,43
O&d 4,8 0,47 3,3 0,43
4{\ Ia) R‘Q n‘RR A‘R n‘A'l
40,0 11,0 1,39 7,0 0,50
80,0 18,0 2,63 11,0 0,61

The launch and tail cord lengths were set to 500 m for the 0,5 km to 10 km lengths, leading to a length of
linear regression of 250 m (100 points); the associated attenuation allows sufficient dynamic margin for these
two cases at 10 dB.

For 40 km, the linear regression length was 500 m and 100 points, using 1 000 m long launch and tail cords.
However, the dynamic margin was reduced to 5 dB.

The attenuation uncertainties for 40 km and 80 km lengths at 1 310 nm wavelength are impacted by the
uncertainty of the source wavelength (assumed to be 30 nm). Reducing this uncertainty from 30 nm to 20 nm
would reduce the 1 310 nm attenuation uncertainties to 1,00 dB and 1,80 dB respectively.
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6 Apparatus

6.1 General
Apparatus requirements that are specific to particular methods are found in Annex A through

Annex E. Some of the requirements common to the-apparatus—of LSPM methods are-included
in-thiseclause described in 6.2 to 6.10.

6.2 Light source
6.2.4 Stability

The| performance of the light source is-defired evaluated at the output of the launch cord. This
is achieved by transmitting the output of a suitable radiation source, usually a laser, into|the
launch cord. The source shall be stable in position, wavelength, and power over the‘duration of
the entire measurement procedure.

It i§ recommended that the stability of the source be verified by repedting the refergnce
megsurement at the end of the measurement procedure. It should_fémain within a centain

tolerance-{typicalhyno-mere-than-0;5-dB) of the initial reference valué’ Power stability should
be 0,10 dB or lower.

6.2.2 Spectral characteristics

The| wavelengths used for the attenuation measurement should be representative of|the
wavielengths at which transmission systems will“operate over the fibre. For premises cabling
and| many other applications, this measurefent is carried out at nominal wavelengths of
1310 nm and 1 550 nm.

If ofher wavelengths are to be used for transmission, additional test wavelengths-may can also
be nequired. For example, if DWDM applications using the L-band (1 565 nm to 1 625 nm)|are
to ble used, then testing at 1 625-nm is recommended as well; if a passive optical networl for
FTTH is being tested, then 4°490 nm testing-may can be required.

If the cabling under test-ay-be is used for CWDM systems that cover an extended wavelength
range, then either_the cainng%e&id should be tested at each wavelength individually, or

measurement. Often the wavelengths used are nommally 1 310 nm and 1 550 nm for shorter
routes (< 40 km) or 1 550 nm and 1 625 nm for longer routes. Measurements at a wavelength
of 1 650 nm, which is sometimes used for maintenance channels, are also very effective for
detecting the presence of bends.

If the cabling under test includes wavelength selective elements, such as WDM, DWDM or
CWDM devices, and optical filters,-ete-; for example, then the spectral width of the Iight source
shall be compatible with—the—filtering—to—be—used that of the transmission bands of these
elements; this-may can require light sources with a very narrow spectral width. Alternatively,
the spectral response of the system may be evaluated using a broadband light source and
optical spectrum analyser, using the procedure described in Annex K.
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For LSPM measurements, the spectral width of the single-mode light source shall meet the
requirements of Table 6 when measured in accordance with IEC 61280-1-3.

6.3

Exc
the

The

with the cabling, and the termination should be of reference-grade’to minimize the uncertg
of njeasurement results.

the {same-type shall have the same nominal core siz€\as the optical fibre within the cab

cord are defined in IEC 60793-2-50 as8B=652 and B-657.

6.4

The
the

The

attenuation of the fibre has a significant effect on the measurement (e.g. less than 10 m).

The
cab

megsurement results.

Table 6 — Spectral requirements

Centroidal wavelength Spectral width range

nm nm

1310 £ 30 (on B-652 and B-657 fibres) < 5 (RMS) for laser diode
< 40 (RMS) for edge emitting LED

100U £ 35U (On B-65Z and B-bo7 TIbres) S 0 (RVIS) 101 Iaser diode

< 40 (RMS) for edge emitting LED

Launch cord

ept for the OTDR method, the launch cord shall be 2 m to 10 m in lengthYSee Annex H
ength of the OTDR launch cord.

connector or adapter terminating the launch cord shall be compatible (e.g. end face ty

optical fibre within the launch cord-at-the-connectionto-the-cabling-under-testshall-b]

single-mode optical fibres supported by-this document and used in the single-mode lay

Receive or tail cords

optical fibre within the regeive or tail cords shall have the same-type nominal core siz4
optical fibre within the ¢abling under test.

receive cord shall be-no-shorterthan at least 2 m long, but it should not be so long thaf

connector or adapter terminating the receive or tail cords shall be compatible with
ing, and~the termination should be of reference-grade to minimize the uncertaint

for

nch

t as

the

the
of

The termination of a receive cord at the connection to the power meter shall be compatible with
that of the power meter.

When unidirectional testing is carried out, the remote end of the tail cord used for OTDR testing
does not require reference-grade termination. When bi-directional OTDR testing is carried out,

the

6.5

tail cord becomes the launch cord (see Annex |) and shall comply with 6.3.

Substitution cord

The optical fibre within the substitution cord shall have the same-type nominal core size as the

opti

cal fibre within the cabling under test.

The substitution cord shall be-—no—sherter—than at least 2 m long but not so long that the

atte

nuation of the fibre has a significant effect on the measurement (e.g. less than 10 m).
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The connectors or adapters terminating the substitution cord shall be compatible with the
cabling, and the terminations should be of reference-grade to minimize the uncertainty of
measurement results.

6.6 Power meter — LSPM methods only

The power meter shall be capable of measuring the required range of power levels at
wavelengths normally associated with the cabling, including considerations on the power
launched into the cabling. The power meter shall meet the calibration requirements of
IEC 61315. The meter shall have a detecting surface of sufficient size to capture all the power
coming from the fibre that is put into it. If a pigtail is used, the pigtail fibre shall be sufficiently
largle to capture all the power coming from the test cord.

6.7| OTDR apparatus

Figure 7 displays a schematic diagram of the typical OTDR apparatus shows.with a simple
attachment point. The OTDR shall meet the calibration requirements of IEC-61746-1. Annegx E
proyides more detailed requirements for the length of the launch cord and ethér aspects related
to the OTDR measurement.

PG LD os
s > TL Y5 s
E I:.::IFC
vl AC APD
= b

Key

PG pulse generator

LD laser diode

(O optical splitter

FC front panel connector
APD avalanche photo_diodé
AC amplifier and_converter
SP signal processor

CD contraland display

Figure 7 — Typical OTDR schematic diagram

6.8 Return loss test set

A return loss test set typically comprises one or more stabilized laser sources. As illustrated in
Figure 8, the output from the source passes through a directional coupler to the output port of
the RLTS that should be fitted with a low reflectance connection.—This—should—have Its
reflectance-that-is should be 10 dB-better lower than the ORL of the cabling under test; an
angled connector interface can usually achieve this. The other leg of the directional coupler
directs reflected light back to the internal power meter (P4 in Figure 8). A second power meter

(P2 in Figure 8 a)) with an external connector interface is often also fitted to measure the
power level that is input to the cabling under test.

Alternative configurations are possible—including-the—use-of without the second power meter
(see Figure 8 b)), provided that the input power to the cabling under test is calculated from
measuring a known reflectance or a second return loss test set is used to measure the power
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input to the cabling under test, provided that the attenuation through the connector interface
and the directional coupler can be calibrated out.

In a typical measurement configuration as shown, test cords are required to interface to the
cabling under test and to suppress unwanted reflections through the use of angle-polished
connectors.

Return loss test set Cabling under test
P : : Test
) ) -
LU <
Angled
| I — connector connector
eter 1
F Power ' .
m1 pair
- meter2
IEC 2089/14
Return loss test set Cabling under test
Test Pin gooeeessessasssnnsacsesssssssescennangd N{oposereensansananne Test
cord1 e : : cord 2 .
e s =a
Angled :Connector Connector: Angle
Power connector Py pair pair connecfor
meter 1 pair : :
» Power ) 00 e NN sooessesssnssanssasesssnsssacssnnssnnsns :
mi meter 2 !
P -
a) WithNhternal second power meter
Return loss test set q Cabling under test
~ Test: Pin R R e Test
Light cordlh” ... » i cord 2
sources : : N
Angled < : Connector Connector: Angljd
connector P, I pair pair : connedtor
( pair
\
EC
b) Without internal second power meter

Figure 8 - lllustration of return loss test set

6.9 Connector end-face cleaning and inspection equipment

Cleaning equipment (including apparatus, materials, and substances) and the methods to be
used for cleaning shall be in accordance with IEC TR 62627-01. Connector suppliers’
instructions shall be consulted where doubt exists as to the suitability of particular equipment
and cleaning methods.

A microscope compatible with IEC 61300-3-35, low resolution method, is required to verify that
the fibre and connector end faces of the test cords are clean and free of damage. Microscopes
with adapters that are compatible with the connectors used are required.
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The use of a video microscope is recommended to avoid any risk associated with direct viewing
of energized fibre end faces.

6.10 Adapters

Where appropriate, adapters shall be compatible with the connector style being used and shall
allow the required performance of reference-grade terminations to be achieved. Zirconia
(ceramic) sleeves contained within the adapter should be used for cylindrical ferruled
connectors.

7 |Procedures

7.1 General

Progedure requirements specific to particular methods are found in Annex A through Annex G.

LSHM methods require a reference measurement to be taken prior to meéasuring the cabling.
Equipment should be assessed before commencing testing to asceftain how frequgntly
reference measurements should be taken. Generally, a new measurement reference should be
takgn before the equipment has drifted more than 0,1 dB (see. 5tability in 6.2.1). The [test
env|ronment (particularly the temperature)-may can affect the frequency of re-referencing.

Allow sufficient time for light source stabilization in agcordance with the manufacturer's
recdmmendations.

7.2 Common procedures
7.2 Care of the test cords

Connectors on test cords shall be inspec¢ted using the procedures of IEC 61300-3-35. [The
conphector end faces shall be free of contamination (e.g. dust and dirt) and shall meet|the
reqlirements of the relevant table in \\EC 61300-3-35. If contamination is seen, the conneftor
end|faces shall be cleaned using the equipment and methods described in 6.9.

NOTE The requirement of connectof.end face quality depends upon either the connector specification or the optical
fibrelcommunication system performance requirements, or both.

Wh]en the test cords are. not in use,-the—ends—should-be-capped-and they should be-stgred

proflected from accidéntal damage by capping the connector ends and storing the cords in kjink-
freq coils of a diameter greater than the minimum bending diameter.

Verlfy the opti€al performance of all test cords to be used following the procedures in Annex J
befgre anyesting commences.

7.22 Make reference measurements (LSPM and OCWR methods only)

The output power from the launch cord for each test wavelength shall be measured and shall
be recorded in an appropriate format.

For OCWR measurements, other reference power levels shall be taken and recorded as
required by the test method used (see Annex F and Annex G for more details).

7.2.3 Inspect and clean the ends of the fibres in the cabling

Connectors on installed cabling shall be inspected using the procedures of IEC 61300-3-35.
They shall be free from contamination (e.g. dust and dirt). If contamination is seen, the
connector end faces shall be cleaned using the equipment and methods described in 6.9 and
then re-inspected.
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NOTE The requirement of connector end face quality depends upon either the connector specification or the optical

fibre

communication system performance requirements, or both.

7.2.4 Make the measurements

As defined in Annex A through Annex G, attenuation and ORL measurements are an iterative
process for each fibre in the cabling including:

e attachment of individual fibres to the launch and receive or tail cords;

e completing the measurement at each wavelength;

e storing or recording the results

For

far

the LSPM methods, either the power meter and receive-test-cord-may-have-to-be are mo

to tle far end of the cabling or a second power meter and receive-test cord may be used at

nd.

7.2.5 Make the calculations

Mak
test|
with

7.3

Pow
IEC

The

e the calculations to determine the difference between the reference.measurement and
Clause 9.

Calibration

er meters and OTDR equipment shall be calibrated~in accordance with IEC 61315
61746-1, respectively.

quality system for the period over which the testing is done.

7.4

All
set,

The

9

9.1

The

Safety

ests that are performed on optical\fibre communication systems, or that use a laser in a
shall be carried out following, the safety precautions provided in IEC 60825-2.

Calculations

calculations for each method are given in the respective annexes.

Documentation

Information for each test

feflowing information shall be provided with each test.

ved
the

the

measurements and record the-final result together with other information in accordgnce

and

equipment used shall have a valid calibration certificate in accordance with the applicable

test

a) test procedure and method;

b) measurement results including
— either attenuation or ORL, or both (in dB)

e OTDR trace(s) (OTDR method only, from both directions when bi-directional

measurements were performed);

— wavelength (in nm);

— fibre type;

— termination location;

— fibre identifier;
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— cable identifier;
— date of test.
9.2 Information to be made available
The following information shall be made available with each test.

e details of the spectral characteristics of the light source;
e reference power level (in dBm) (LSPM methods only);

e calibration records with reference to the test equipment;

e (etails of the test cords used for the measurements;
- the performance grade of test cord connectors (e.g. reference grade or standdrd-grafde),
- the performance grade of the fibre in the test cords (e.g. OSx),
- whether the fibre in the test cords is of the enhanced macrobend performance level type,
- the length of the test cords.
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Annex A
(normative)

One-cord reference method

Applicability of test method

The one-cord reference method measurement includes the attenuation of both connections to
cabling under test. It is the RTM for measurement of the installed cabling plant of

the

con

Thig

ara
arc

figuration A (see 4.2).

method is written for the case when a single fibre is measured at a time. #muMprtes

measured simultaneoushy with multi 'Flhrn r\nnnnr\fnre the reauirements n'F &

sha]
dire
end

A.2

The
Cla

The
(the
cord
sho
the

info

Thig

megqg
con

Thig

™ o
S0USty eqgu FEH
H aval

ctional measurements are requwed the procedures are repeated by Iaunchlng into the o]

Apparatus

light source, power meter, and test cords used shall meet'the requirements specifie
ise 6.

method described in Annex A is called the "one-cafd reference method" because only

is-heeded required for the attenuation measurement. The performance of the test cq
Lld be verified before testing commences.Fhis is done by connecting the receive cor

Fmation.

surement. This assumes that the connectors used in the cabling are compatible with
hector used in the power meter.

method also assumes ‘the following:

he connector on-the power meter is compatible with that of the cabling under test to w
he launch cord’is“connected. Where appropriate, an adapter that introduces no additi

Annex B)ymay be used, provided that the increased measurement inaccuracy of
method isrecognized, and appropriately modified test limits are applied.

d in

one

launch) test cord is used for the reference measurement. However, a second test (receive)

rds
d to

launch cord and measuring the attenuation of the connection. See Annex J for more

method calls for the launch cord.to-be attached directly to the power meter for the refergnce

the

hich
bnal

measurementiuncertainty may be attached to the power meter. The alternative method

that

[he faunch cord is not disconnected from the light source between areference measure

(Annex B) may be used prowded that the mcreased measurement maccuracy of that
method is recognized, and appropriately modified test limits are applied.

A3

Procedure

a) Connect the light source and power meter using the launch cord (TC1) as shown in
Figure A.1.

b) Record the measured optical power, P,, which is the reference power measurement.

c) Disconnect the power meter from TC1. Do not disconnect TC1 from the light source without
repeating a reference measurement.

d) Connect the power meter to the receive cord (TC2).

e) Connect TC1 and TC2 to the cabling under test as shown in Figure A.2.
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f) Record the measured optical power, P,, which is the test power measurement.

TCA1

LS Z‘S"/ E \ Bl P PM

IEC

Key
LS light-source
TCA1 launch cord
PM power meter
P, reference power measurement
Figure A.1 — One-cord reference measurement
TCA TC2
- Z!SN'E \ =5 5= \ gl P PM
1 ] 2
EC
Key
LS light source
TCA1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, test power measurement
NOTE Reference-gradeterminations are shaded.
Figure A.2 — One-cord test measurement
A.4 Calculation
The| attenuation-~ 4, expressed in dB, is given by

L= 10logry (PP, ) (dB)

A=10 logyo (Py/ P,) (A.1)

where

P, is the reference power in linear units (e.g. in W),

P, is the test power in linear units (e.g. in W).
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A.5 Components of reported attenuation

The attenuating elements are identified in Figure A.1 and Figure A.2. These are the attenuation
of the cabling,-G 4., and-varieus two connection attenuation values, 4, and 4,, all in dB. The

reported attenuation,-~ 4, in dB is given by
—L=A44+B+C

A=dy+ 45+ 4 (A.2)

Differences between the result reported by this method and the other LSPMcmethods |are
desgribed in Annex H (see Table H.2).
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Annex B
(normative)

Three-cord reference method

Applicability of test method

024

The three-cord reference method attempts to exclude the attenuation of both connections to
the cabling under test. It is the RTM for measurement of the installed cabling plant of

con
may

If bi

other end.

B.2

The
Cla
cord
sho
and
Ann

B.3

a)

b)
c)
d)
e)

figuration B (see 4.2) and in certain circumstances, or as directed by external standa
be used in place of the test methods specified in Annex A and Annex C.

method is written for the case when a single fibre is being measured at a time’~H-mul

-directional measurements are required, the procedures are repeated by faunching into

Apparatus

light source, power meter and test cords used shall meet the requirements specifie
ise 6. Three test cords are used. The attenuation values of the connections between th
s are critical to the uncertainty of the measurement. The performance of the test cq
Lld be verified before testing commences. This is\done by connecting the substitution g
the receive cord to the launch cord and measuring the attenuation of the connections.
ex J for more information.

Procedure

Connect the launch cord (TC1) and receive cord (TC2) to the light source and power m
As shown in Figure B.1.

Connect the substitution cord(TC3) between TC1 and TC2.

Record the measured optical power, P4, which is the reference power measurement.

Do not disconnect J.C1 from the light source without repeating a reference measureme

Replace the substitution cord with the cabling under test (leaving the adapters attache
TC1 and TC2) as shown in Figure B.2.

Record the‘measured optical power, P,, which is the test power measurement.

rds,

d in
ese
rds
ord
See

eter

nt.
d to
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TC1 TC3 TC2
s | |~ N = N == N 5] e PM
il D E
IEC 2092/14
TC1 TC3 TC2
Ls Z‘SN'@ \ B \ = \ g PM
3 4

Key
LS
TC1
TC2
TC3
PM
3,4

light source

launch cord

receive cord

substitution cord

power meter

connector sets

reference power measurement

Figure B.1 — Three-cord reference measurement

EC
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TC1 TC2

—1_ AW

S Zlg,\)' — =5 P2 PM

A C B

IEC 2093/14

TC1 & TC2
LS Z‘S’J E \ ; . =N \ Bl p, PM

EC

Key

LS light source

TC1 launch cord

C cabling under test

TC2 receive cord

PM power meter

1,2 connector sets

P, test power measurement

NOTE Reference-grade terminations are shaded.

Figure B.2 — Three-cord test measurement

B.4| Calculations

The| attenuation-~ 4, expressed in dB, is given by

A4=10 logyo(Py/ Py) (B.1)

where

P, is the reference power in linear units (e.g. in W),

P, is the test power in linear units (e.g. in W).

B.5 Components of reported attenuation
The attenuating elements are identified in Figure B.1 and Figure B.2. These are attenuation

values of the cabling,-C 4., and various four connection attenuation values, 44, 45, 43 and 4,
all in dB. The reported attenuation,-% 4, in dB is given by

L= A+ B C_D_F
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A=A+ Ay + Ay — Ay — 4y (B.2)

B-and-E 45 and 4, are the attenuation values of the connections in the reference test set-up
and together include the fibre attenuation-everthetength of TC3, which-is should be negligible.

Differences between the result reported by this method and the other LSPM methods are
described in Annex H (see Table H.2).
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Annex C
(normative)

Two-cord reference method

Applicability of test method

024

Two variants are given for the two-cord reference method. Figure C.2 shows the set-up for the
case where one end is terminated with a plug-adapter assembly and the other is terminated
with a plug. It includes the attenuation of one of the connections to the cabling under test.

the

RTM for measurement of the installed cabling plant of configuration C (see 4.2).

Figure C.3 shows the set-up for the case where both ends are socketed or pimned, and

laurn
con
inst

If bi

hections to the cabling under test. It is an alternative method for measurement of
blled cabling plant of configuration A (see 4.2).

Thig method is written for the case when a single fibre is being measured at a time.-H-mul

other end.

C.2

The
Cla

unc
test

Apparatus

light source, power meter and test cords“used shall meet the requirements specifie

ise 6. The attenuation values of the connéctions between these test cords are critical tg
brtainty of the measurement. The perfermance of the test cords should be verified be
ng commences. This is done by connecting the receive cord to the launch cord

megsuring the attenuation of the conn€etion. See Annex J for more information.

C.3

a)

b)

c)

d)

e)

Procedure
Connect the launch cord<(TC1) and receive cord (TC2) to the light source and power m
ind to each other asyshown in Figure C.1.
Record the measured optical power, P4, which is the reference power measurement.

vithout repeadting a reference measurement.
nsert.either

- /the cabling under test as shown in Figure C.2,

It is

the

ch cord connector is incompatible with the power meter. It includes the attenuation of both

the

d in
the
fore
and

pter

Disconnect < C1 and TC2 from each other. Do not disconnect TC1 from the light solyrce

ilo al 4 I Wal ol ble [ H ol 4 4 lo H = o
- IS audadpicl LUTU AL dlTU UIic LadUllTy UTidtl 1Col do SITUWIT TIT T'TyuTtT U.o.

Record the measured optical power, P,, which is the test power measurement.
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TC1 TC2
Ls A~ 5= 5 p PM
T D
IEC 2094/14
TC1 TC2
LS Z‘S’J E \ = \ Al P PM
3
IEC
Key
LS light source
TC1 launch cord
TC2 receive cord
PM power meter
3 connector set
P, reference power measurement
Figure C.1 — Two-cord reference measurement
TCA1 TC2
LS Z‘S"" E W = ) 5 PM
A C B
IEC 2095]14
TCA1 TC2
s Z‘SN' E \ = = \ b P, PM
1 C 2
IEC
Key
LS light source
TCA1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P test power measurement

Figure C.2 — Two-cord test measurement
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TC1 AC m TC2

LS Z‘S""E ™ E\ bl \\ g ~ Al P PM
A B

Cc

IEC 2096/14

TC1 AC TC2
LS Z‘S"’E\E\ B = \ ST PM
4 1 C 2
EC
Key
LS light source
TC1 launch cord
C cabling under test
AC adapter cord
TC2 receive cord
PM power meter
1, 2,|4 connector sets
P, test power measurement

NOTE Reference-grade terminations are shaded.

Figure C.3 — Two-cord test measurement for plug-to-socket style connectors

C.4 Calculations

The| attenuation-% 4, expressed-in dB, is given by

4 =10 logyq (P4/Py) (€.1)

whdgre

P, is the reference power in linear units (e.g. in W),

P, is the test power in linear units (e.g. in W).

C.5 Components of reported attenuation

The attenuating elements are identified in Figure C.1, Figure C.2, and Figure C.3. These are
the attenuation of the cabling,-G 4., and—varieus—cennectior-esses up to four connection

attenuations, 44, 45, 43 and 4, all in dB.

For the case of Figure C.2, the reported attenuation,% 4, is given by:
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T=AFB+C=D

A= Aq+ Ay + Ay — Aq

For the case of Figure C.3, the reported attenuation,-% 4, is:

—fE=A+B+EC+E=D—

A=Aq+ Ay + Ag+ Ay — Ag

Differences between the result reported by this method and the other L'SPM methods |are

desfribed in Annex H (see Table H.2).
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Annex D
(normative)

Equipment cord method

Applicability of the test method

024

The equipment cord method directly measures the attenuation of the cabling under test, the
attenuation of equipment cord connections to the cabling under test, and the attenuation of the

equjpment cord connections to the equipment is not included. It is the RTM for the measur

of i
suit
ope

equjpment cords are short.

D.2

The
call

refe
med
test]
cord

This
seri

Thig

D.3

a)

b)

optI_aI fibre in one of the equipment cords (EC2 in Figure D.2). The attenuation ;f|the

stalled cabling plant of configuration D (see 4.2). The equipment cord test meter»ls
Able if both equipment cords are present during testing and are not repia{b&ed be
ration. The attenuation of the optical fibre in the equipment cords is(nlgg'gible if

4
s/
Apparatus Q)Q

light source, power meter and all test cords shall be in acco@'}nce with Clause 6. Th
bd the equipment cord method because the customer's e @ment cord is used in taking

surement. The performance of the test cords and cusgmer cords should be verified be
ei

ng commences. This is done by connecting the test/receive, or customer cord to the lau
and measuring the attenuation of the connecti& ee Annex J for more information.

method requires that the launch cord an Q}e\ customer equipment cord be connecte
s between the light source and the powes, eter for the reference measurement.

N\
method also assumes the foIIowin&S
W
The connector on the power@‘n\er is compatible with that of the cabling under test

which the equipment cord E n Figure D.1 is connected. Where appropriate, an ada
hat introduces no addition\ easurement uncertainty may be attached to the power mq

bnd a test measurt@ent.

Proceduré_)

Connect the-light source and power meter using the launch cord (TC1) and equipment ¢

EC1) aé_ shown in Figure D.1.
Re Qr@%he measured optical power, P4. This is the reference power measurement.

ent
bnly
fore
the

s is
the

rence measurement. The second customer (receive) ¢ is also used for the attenualtion

fore
nch

d in

into

pter
ter.

he launch cord is not dGﬁonnected from the light source between a reference measurement

ord

c)

ﬁ?\ annect the power meter from FC1

measurement.

d) Connect the power meter to the equipment receive cord (EC2).

e) Connect TC1/EC1 and EC2 to the cabling under test as shown in Figure D.2.

f)

Record the measured optical power, P,. This is the test power measurement.

Do not disconnect TC1 from the light source without first repeating a reference


https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

IEC 61280-4-2:2024 RLV © IEC 2024 - 47 -

TC1 EC1
LS Z!S,J@ \ = \ Bl P PM
3
IEC
Key
LS light source
TCA1 launch cord
EC1 equipment launch cord
PM power meter
3 connector set
P, reference power measurement
Figure D.1 — Reference measurement
TCA1 EC1 Q EC2
Ls Z!S"’E \ E\ = E\{ P, PM
3 1 C 2
Key
LS light source EC1 equipment launch cord
TC launch cord PM power meter
C cabling under test EC2 equipment receive cord
P, test power measurement 1,2,3 connector sets
NOTE Reference-grade terminations are shaded.
Figure D.2 — Test measurement
D.4 Calculation
The| attenuation 4, expressed in dB, is given by:

=10 iog10(r1/r2)

where

P, s the reference power in linear units (e.g. in W),

P, is the test power in linear units (e.g. in W).
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Components of reported attenuation

The attenuating elements are identified in Figure D.1 and Figure D.2. These are the attenuation
of the cabling, 4., and two connection attenuation values, 44 and 4,, all in dB. The reported

attenuation, 4, is given by:

A=A1+A2+AC

(D.2)

NOTE Only the fibre of equipment cord 2 and of the cabling is included in the attenuation measurement,wke

the f

Differences between the result reported by this method and the other LSPM thods

bre of equipment cord 1 is already included in the reference measurement.

desfribed in Annex H (see Table H.2).

N

reas

are
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Annex-DAnnex E
(normative)

Optical time domain reflectometer

E.1 Applicability of test method

Thel OTDR method measurement includes the attenuation of both connections to'the cabling
under test. It is the ATM for measurement of the installed cabling plant of configurations A, B,
C, gdnd D (see 4.2) and in certain circumstances, or as directed by externahstandards, it may
be ysed in place of the test methods specified in Annex A, Annex B, Annex-C and Annex 0.

Whrjen bi-directional measurements (see Clause 1.6) are specified, the{procedures described in
Annlex E are repeated, but from the opposite end of the gabling under test, without
disdqonnecting the launch and tail cords from the cabling undertest.

E.2] Apparatus

E.2/1 General

The| OTDR, test cords and adapters are required.for making attenuation, optical return loss jand
length measurements on the installed cabling. See Figure 7 for a schematic diagram of|the
OTDR equipment.

Theltest set-up requires a launch cordiand tail cord. Reflectance associated with the connecfors
of the test cords (launch and tail)_as well as the cabling, should be minimized.

Ind¢x matching fluids or gels\between the polished end faces of connectors shall not be uged.

Thel use of the tail cord\allows the attenuation of the remote end connection to be measufed,
so that the attenuation of the entire cabling section can be measured. If no tail cord is used,
then there is no information regarding the remote end connector. In fact, not even continuity of
the fibre is ensured since there-may can be a break close to the far end, or the fibres-may|can
be ihcorrectly‘cohnected somewhere along their length.

E.2)2 OTDR

vl'

(=20 ns
features that are close togetheraﬂd%ngepp%%md%hmhave%um&eﬂkdlfna;m&mng&te
achieve—a—measurement-over—therequiredtength—ofcabling. It shall also be capable of

generating optical pulses of longer duration, so that it has sufficient dynamic range to produce
valid measurement data over the required length of cabling.

49 SO that it can quallfy short links, the begmnlng of a I|nk or to separately resolve

The OTDR should have an attenuation dead zone (with AF = 0,5 dB; see 1.2.5) of less than
10 m following standard connectors (IEC 61753-1 Grade 2) with a reflectance of —-45 dB.

E.2.3 Test cords

The fibre type and geometrical characteristics of the launch and tail cords shall be the same as
the fibre in the cabling under test. The fibre in the launch and tail cords shall be coated so that
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the cladding light is removed. The length of the launch and tail cords both shall be longer than
the dead zone-created-by corresponding to the pulse width selected for a particular length of
fibre to be measured. Suppliers of OTDR equipment should recommend lengths for the launch
and tail cords. In addition, these-tengths cords shall be long enough to allow a reliable straight
line fit of the backscatter trace that follows the dead zone.

In the absence of other information, the minimum length of launch and tail cords-may can be
determined such that their return delay is equal to the OTDR pulse width multiplied by a suitable
factor. Table E.1 gives some typical examples for minimum length of launch and tail cords to
be used for measurements of premises cabling and of outside plant cabling.

Table E.1 — Typical launch and tail cord lengths

Application Typical maximum Example pulse width Typicallength df
length of cabling launch’and tail cofds
under test
km ns m
Pregmises cabling 2 20 100
Oufside plant — Access network 10 100 500
Oufside plant — Core network 80 500 1000
Oufside plant — Ultra long-haul 120 1(000 2 000
netvork
Thel| following requirements apply to the test cords:

E.3

Connect.the test cords and the OTDR source as shown in Figure E.1.
Caonhfigure the OTDR using the following rules:

bttenuation due to induced winding loss-shewld shall be minimized—Fo—do—this,—uge—a
frintmum-radius-of by using bend radii largéxthan 45 mm:;

he cords-are shall be terminated at one‘end with a connector suitable for attachment to| the
DTDR;

hey-are shall be terminated at the other end according to 5.4;

tse-ruggedized fibre test cords=with should be used in which, for example, both ends|are
brotected by a 3 mm outer jacket with strain relief;

he fibre used in the cofd;'should be protected from environmental changes. This-may |can
be accomplished by enclosing most of the length of the cord in a container or by using [test
cords that are entirely ruggedized. Up to 2 m of fibre length of the cord-ean may exfend
putside the container to connect the OTDR and the cabling under test.

Procedure (test method)

e snortest puise wWIidtn possiDie SNnould De selecCled Latl f

noiseratio) allows acquisition of a trace in a reasonable time period and with sufficient
signal-to-noise ratio to allow effective analysis;

the averaging time per trace should-ret-nreed-to-be-any-greaterthan-3-min-pertrace be

between 10 s and 3 min. Averaging times shorter than 10 s generally provide poor
results on longer systems when using narrow pulses;

refer to Annex | for a better understanding of the OTDR settings.

Select the appropriate wavelengths.

Record the backscattered traces.

Repeat from the other direction if required.
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Bi-directional OTDR testing is recommended on single-mode cabling so that variations in-less
attenuation measurements that are due to changes in the backscattering characteristics of
different fibres can be cancelled out. Refer to Clauses 1.6 and 1.7 for further information on bi-
directional testing and analysis.

NOTE Figure E.1 shows the set-up for cabling terminated with plug-adapter assemblies. Other arrangements are
equivalent, provided the corresponding reference-grade terminations are used at the same points.

LC TC
\ \ f \
OTDR \ / |_
= = [
D C E
IEC 2097/14
LC TC
OTDR ~ g \ =u B \ |_
1 Cc 2 L
IEC
Key
OTDR optical time domain reflectometer
LC launch cord
C cabling under test
TC tail cord
1,2 connector sets
NOTE Reference-grade terminationgare shaded.
Figure E.1 — Test measurement for OTDR method-B
E.4| Calculation,of attenuation
E.41 General
The| attenuation 4, expressed in dB, is given by
A=F1-F; (E.1)

where+F-anrd-F,-8
where

F, s the displayed power level at the input port of the cabling under test in dB;

F, is the displayed power level at the output port of the cabling under test in dB (see
Figure E.3).
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NOTE The vertical scale of the OTDR trace displays five times the logarithm of the received power (in linear units),
plus a constant offset, whereas the horizontal scale of the OTDR trace displays the distance along the fibre. The
horizontal scale is calculated by dividing the measured time delay of the pulse round trip by two and by the speed of
light in the fibre, which is defined by the effective group refractive index of the fibre core.

It is important to properly locate the position of the two connections and to properly define the
displayed power levels, as described in E.4.2 and E.4.3.

E.4.2 Connection location

The two connections of the cabling under test are located at the inflection points (change of
curvature) in the trace just before the two peaks that represent the two connectors

Figyre E.2 illustrates the location of the connectors on a typical trace.
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LC C TC
OTDR 1l { [} (]
1
I
w 1
1
1
1
1
1
1
i
1
| \
\i
1
1
1
1
1
1
i
L1 L2 L (m)
IEC 2098/14
LC ] TC
OTDR {I} ([ {]
)
z
3
L (m)
IEC
Key
OTDR optical\time domain reflectometer
LC launch-test cord
C cabling under test
TC taitTord
Ly, L, cabling port locations
Lo length of cabling under test
F reflected power level

distance from output port of OTDR launch cord

Figure E.2 — Location of the cabling under test ports
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E.4.3 Definition of the power levels F; and F,

The displayed power level F; at location L, is defined by the intercept of the linear regression

(LSA) obtained from the linear part of the backscattering power provided by the launch-test cord
and the vertical axis at location L.

The displayed power level F, at location L, is defined by the intercept of the linear regression

(LSA) obtained from the linear part of the backscattering power provided by the tail cord and
the vertical axis at location L.

Figyre E.3 illustrates the position of levels F; and F, on a typical trace.

Thig measurement process is also called five points analysis with LSA. See Annex¢l for more
details.



https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

IEC 61280-4-2:2024 RLV © IEC 2024 - 55 -

Key
OTDR
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I
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i \y
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OTDR {1} {1 {]
g | |
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| |
| |
| 1
| I
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< | |
Fy - |
I I
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I I
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F2 : )
I I
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I I
I I
I I
I I
| 1

optical timyerdomain reflectometer
laupchtcord
tait~eord

cabling under test

cabtimg-porttocations
length of cabling under test

distance from output port of OTDR launch cord

displayed power level at L, and L,

reflected power level

attenuation of cabling under test

Figure E.3 — Graphic construction of F, and F,
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4 Alternative calculation

024

44-8Rd-£ Hh-orderto-provide

A more detailed analysis of the attenuation in the cabling and the connectors can be obtained
by deriving two additional power levels, Fy; and Fy,, from the OTDR trace, as illustrated in

Figure E.4.

The displayed power level F,, at location L, is defined by the intercept of the linear regression

(LS
test|

The

(LS
test|

The

The

And

whd

Con

\) obtained from the linear part of the backscattering power provided by the cabling ur
and the vertical axis at location L.

displayed power level I, at location L, is defined by the intercept of the linear regres

\) obtained from the linear part of the backscattering power provided by the cabling ur
and the vertical axis at location L.

attenuation of the near-end connector, 4,4 (in dB), is then given by

Ay =Fy— Fqq (

attenuation of the far-end connector, 4, (in dBJ)is"given by

Ay ZFoq — Fo (

the attenuation of the cabling Without connectors, 4 (in dB), is given by

Ac = F11—F>q (

rein the fourpawer levels, Fy, F5, Fy4 and F44, are all expressed in dB.

nbining Formula (E.2), Formula (E.3) and Formula (E.4) leads to Formula (E.5)

A=A1+AC+A2 (

der

sion
der

T
N
~

!II
£

!II
N>

!II
)

Assuming negligible calculation errors, the attenuation value 4 obtained from Formula (E.5) has

the

same validity as that obtained from Formula (E.1).

For some OTDRs, the attenuation values 44, 4, and 4,-may-be are available in an event table.
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opticalfime domain reflectometer
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length of cabling under test
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displayed power level at Z, and L,
displayed power level at L, and L, internal side

attenuation of cabling under test

reflected power level

Figure E.4 — Graphic construction of F,, F44, F54 and F,
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Calculation of optical return loss

The optical return loss ORL, Rgr|, is the ratio of the-pewer input-te-the-cablingundertest power

to the-sum-of cabling under test to the total power reflected and scattered back by the cabling
under test. The recommended test configuration for-beth attenuation and ORL measurements
uses a long launch cord and a long tail cord; this allows the OTDR time to-eliminate recover
from saturation effects due to unwanted reflections, so that they can be removed from the ORL
calculation, and allows ORL measurements to be made on very short sections of-eable cabling
under test.

The

attehuation of the launch cord.

Thelreturning total power returned from the cabling under test, P, is the integral of the-+etur
refl¢cted and backscattered power<2,)}, P(z), as a function of distance z along the-cabling un

test]

OTDR launch cord, up until the output port of the cabling under test, at\the beginning of

OTIl
cab

Thig

Exp

In general, the vertical scale of an OTDR is not calibrated for absolute optical po

mea
the
IEC

The

input power to the cabling under test, P;, is a function of the OTDR laser power and

This distance ranges from the-start input port of the cabling under test,.at the end of|

DR tail cord, and therefore includes the reflectance of the connections at both ends of
ing under test.

is illustrated graphically by the shaded area on the OTDR\trace shown in Figure E.5.

ressed mathematically the ORL is calculated as follows

Pi
JP(Z) dz

surements. When-an OTDR is used for ORL measurements, the backscatter paramets
fibre in the cabling, K, can effectively serve as a reference level for the vertical scale.
61746-1:2009, Annex G for more details.

refore;.ORL can be calculated as follows

RORL =10X|Og1o{ﬁJ ( .

the

HAG
der
the
the
the

LILL
2

wer
r of
See

| o
t=ORL1
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RorL =10xlogqg Plz)

K JgP(z)dZ

where
K is the backscatter parameter (see IEC 61746-1:2009, 9.3);

(E.7)

z4 |is the location of the beginning of the integration (see Figure E.5);

zo |is the location of the end of the integration (see Figure E.5).
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Figure E.5 — Graphic representation of OTDR ORL measurement

E.6 Calculation of reflectance for discrete components

The reflectance of a component is the ratio of the power reflected back by that component to
the power-input incident to that component. On the OTDR trace, the reflectance is related to
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the height of the peak (H, in Figure E.6) that represents the amount of light reflected back from

that component, but it is also a function of the backscatter coefficient of the fibre under test and
the pulse width used for the measurement.

IEC 61300-3-6 covers the measuring of the related parameter of return loss of components.

LC C TC
OTDR l_; El U
o 1 " o
A ' K 17
T g il
‘w L S i i ' i
| - 1) 1 1
\ = 'l ' i
A i _ ' :l : lIII
e SRR I I
AN 11 i
' — o i |\ o
" —_— [/ B (I \
Ve T ’l'. (1 \
o N i1 NA
' (IR (1 \
" " YN N
1 L] - T N
' " v
- " [ —
' (N (B —~
' ! [
L (m)
IEC
Key
OTDR optical time domain reflectometer
LC launch cord
C cabling under test
TC tail cord
H, height of peak from first connection
H, height of peak from end connection
Hy height of peak from far end, of tail cord
F reflected power level
L distance from outputport of OTDR launch cord
Figure E:6 — Graphic representation of reflectance measurement
The| reflectance={R}, Reomp of a cabling component under test is calculated from the height of
the reflected-peak (H, or H,) in Figure E.6 as follows:
H
D10 1o (1!‘\ 5 4\1 A0 oo (. p

UIUL ) SO/
R =10xI 10%—1 10 x| B
comp X 0910 + X Og1o(t)+ (E8)

where

H s the height of the peak (4, or H,) in dB;

B is the Rayleigh backscattering coefficient in dB (for a time base in ns);
t is the pulse width in units of ns.
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Typical values for the backscattering coefficient of single-mode fibres (e.g. type-B43 B-652.D
of IEC 60793-2-50) are as follows:

=-80dB at1 310 nm; B=-82,5dB at 1 550 nm for a time base in ns

The detector in some OTDRs saturates-at-large—values—of H-{as-shown-inH3-in-Figure- D6}
where-the-peak-has—a-flat-top when the value of H is very large (see peak with height H5 in
Figure E.6), so that the peak exhibits a flat top. It is necessary to use an OTDR with sufficient
dynamic range for accurate reflectance measurements. This type of signal saturation may can
be avoided by adding a variable attenuator between the OTDR and the cabling component
undpr test.

E.7| OTDR uncertainties

The|following sources of uncertainties should be considered when reporting the measurenInt:

— Noise level contribution: Errors due to a large amount of Gaussian noise or due to system
hoise; noise is always higher when the backscatter level approacghes the noise floor an a
ogarithmic trace. A large amount of noise on the trace disturbs-the linear regressions,
eading to a wrong evaluation of the different displayed powerdevels. The noise-may can be
feduced by increasing the averaging time or by increasing the pulse width, and in all cages,
t requires ensuring a dynamic margin of more than 3 dB{recommended = 5 dB). When| the
5lope of the linear regression is available (e.g. in dB/km) excessively low or high slopes|are
jenerally associated with an excessive level of noise.

— PBackscatter coefficient: Intrinsic property differences between test cords and cabling under
est-may can cause variations in the apparentdess attenuation of individual connectipns.
For example, when a fibre with a low backscatter coefficient is connected to one with a
nigher backscatter coefficient, the OTDR detector will receive more energy from the }i{bre

vith the higher backscatter coefficient. This'can be interpreted as a reduction in the appafent

fess attenuation and-may can even appé€ar as a gain (negative-tess attenuation). The effect

s known as a gainer.

NOTE The effect of variations in the backscatter coefficient on—ess attenuation measurements—may cap be
cancelled out by taking measurements from both ends of the cabling and averaging the values. See Clauses |.§4 and
1.7 for further information on bi-directional testing and analysis. As mentioned in Clause 1.6, for total attenugtion
measurement, the uncertainty with\NUnidirectional measurement is determined only by backscatter coeffifient
misnpatch between launch and taikcerds and is removed by using matched launch and tail cords, regardless of capling
unddr test.

— Ptrong reflectionsyyNon-linear effects of strong reflections cause attenuation errprs,
attenuation coé€fficient errors and dead zone widening.

— [entre wayelength of OTDR laser: %use&ﬁb#&a&em&aﬁen#ana&mn&between@%
, Fibre attenuation is wavelength
Hependent and, hence, can be different at the OTDR laser wavelength and the transmjtter
Navelengths normally used in the cabling under test.

#ansmﬁie#wevelength Related to wavelength dependence of flbre attenuatlon excesswely
wide spectral widths can yield fibre attenuation values that are different from the attenuation
seen by the transmitter wavelengths normally used in the cabling under test.

— Cursor location error: Error in either software analyser placement of cursors or manual
operation of cursors, which-may can lead to significant errors when the slopes of the various
fibres are very different.

Refer to IEC 61280-4-3 for a comprehensive overview of attenuation measurement
uncertainties.
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Annex-EAnnex F
(normative)

Continuous wave optical return loss measurement —
Method A

F.1  Applicability of test method

megsures the input power to the cabling under test as well as the reflected power, although a
cornection factor-is—reeded shall be used to take into account the internal attenuation of|the
bramching device and other sources of reflections.

OCYR methods have some limiting factors. Since it cannot spatially resolve different sou
of reflections, unwanted reflections have to be suppressed. Moreover, thedynamic range is
limifed by the characteristics of the directional coupler used and the reflectance of the conneftor
usefl to interface the return loss test set to the first test cord. This can_limit the accuracy of|the
megsurement when short cabling systems terminated with angle-polished connectors are bging

meagsured.

F.2| Apparatus

F.21 General

ces

A tylpical test set for return loss measurements is.shown in Figure F.1. The details have been

to for further information.

Return loss test set Cabling under test

...... LR Py

adafted from IEC 61300-3-6 for testing installed.Cabling, and that standard-may can be refe

Figure F.1 — Return loss test set illustration

F.2)2 Light source

- =
Angled & Connector Connector
connector. Pr i pair pair i conneftor
pair : :

red

IEC

Th SOUFce r\r\ncnc-i-c- nF ah nnhr\gl amuH-nr- (ustiallhy a Iac-cxr-\ anrl |+c- ac-:-nrnah:xri rlr-nu:u n:\ln:nr-hrr\r-'CS
tH

Toroorertry Toror ot

with where the output-being Ilght is ava|lable from a fibre plgtall or a fibre connector. A second
source may be used for calibration, as illustrated in Figure F.3. When a second source is used,

its central wavelength and spectral width shall be the same as those of the first source.

The source(s)-sheuld shall be stable as described in 6.2.1.

F.2.3 Branching device or coupler

The splitting ratio of the coupler shall be stable and be insensitive to polarization (< 0,1 dB
polarization dependence). The directivity should be at least 10 dB higher than the maximum

optical return loss to be measured.
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F.2.4 Power meters

The power meters used consist of an optical detector, the associated electronics, and a means
of connecting to an optical fibre. The connection to the internal power meter will be permanent;
the interface to the external power meter should be equipped with interchangeable adapter caps
that allow the use of connectors compatible with the cabling under test.

The linearity of the detectors in the power meters shall be specified and sufficient for the
dynamic range of the measurements to be undertaken. Since all of the measurements are
differential, however, it is not necessary that the calibration be absolute.

F.2)5 Connector interface

The| connector interface on the return loss test set (RLTS) shall have very low reflection. [The
attenuation of this connection shall be stable, and the magnitude of the reflectance should be
at lgast 10 dB greater than the magnitude of the maximum optical return loss te\be measurned.

NOTE The reflectance of this connector interface-may can limit the accuracy of this meastirément method whep the
cabling under test is terminated with angle-polished connectors and there are no othersignificant sources of optical
return loss in the cabling under test.

F.2)6 Low reflection termination

In ofder to suppress unwanted reflections (typically from flat cennectors open to air) the remote
end| of the cabling under test-may can require termination with a test cord such that|the
conhector interface to the cabling under test is representative of a connection made with an
equjpment connection cord and the reflection from<the remote end of the test cord is
suppressed. Reflections-may can be suppressed using’an angle-polished connector, an angled
clegve, a non-reflective terminator, index matching material or by wrapping the cord tightly
arolind a mandrel [provided that the fibre inkthe test cord is not bending loss insensitive
(IECG 60793-2-50 type B6 or ITU-T Recommefidation G.657 types)].

A similarly low reflection termination is-fequired when calibrating the internal reflections of|the
test| system (see Figure F.3). This termination should have a reflectance of at least 20 dB
magnitude greater than the magnitude of the maximum optical return loss to be measured.

F.3| Procedure

F.311 Test set characterization

In drder to perform~an ORL measurement, it is necessary to characterize the measurement
sysfem by measiuring its internal-lesses attenuations and reflections including the connegtion
between the test equipment and test cord 1 to be used for the measurement (Figure F.2). This
sholld be-repeated whenever these-may have been changed, for example after changing [test
cord 1,

The-system internal attenuation of the RLTS shall be measured on the return path between the
cabling under test and the internal power meter 1. This includes the attenuation of the connector
interface and the attenuation of the coupler. Using an external source, with similar
characteristics as the internal source, connect the remote end of test cord 1 to the source and
the near end of test cord 1 (angled) to the external power meter, as shown in Figure F.2. Record
the power level on power meter 2 as P q¢,.

NOTE All power measurements described in Clause F.3 are taken in linear units (W).
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Return loss test set

Light
sources

Power
meter 1

Test

Light source

=i 4

Figdre F.3, and record the power level on power meter 1 as P 4.

The

Next, the system reflected power-needs has to be measured. Leaving test cord 1 connecte
output port of the RLTS, suppress the reflection coming from the connector at the far
of tg¢st cord 1, as shown in Figure F.4. This is done with a low reflection termination (see F.2
amount of light-reflected internally within the measurement system including the interf

the

The
con

Return loss test set

Test

Power
meter 1

nector-may.€an now be measured on power meter 1 as Pq.

Return loss test set

Test

r
f light \

Light source

=—<={: 4

Figure F.3 — Measurement of the system internal attenuation P, ¢

IEC

Figure F.2 — Measurement of the system internal attenuation P,

IEC

L difference-between ratio of-these two power levels is the internal attenuation of the system.

d to
end
.6).
ace

sources

Angled
connector
pair

IEC

Figure F.4 — Measurement of the system reflected power P
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F.3.2 Measurement procedure

The optical return loss is the-difference-between ratio of the input power to the cabling under

test, P;,, to the power reflected back from the cabling under test, P.. Therefore, two power levels
are required. First, the power into the cabling under test, P,,, is measured directly by connecting

the far end of test cord 1 into power meter 2, as shown in Figure F.5.

Return loss test set

r
/ Light \

sources

IE6

Figure F.5 — Measurement of the input power P;,

Then, test cord 1 is connected into the cabling under testixand any unwanted reflections from
the far end should be suppressed by using a low reflection-termination (see F.2.5), as shown in
Figyre F.6. The power level on power meter 1 shouldnow be recorded as P,y and then used

to determine the reflected power by making allowances for the internalltesses attenuations jand
refl¢ctions of the measurement system.

Return loss test set Cabling under test
Test Pin f............................................................: Test

cord1 e »G : cord 2
: S - -

Angled 4 §Connector Connector§ Angled
connector Pr i pair pair i conngctor
pair : :

|_meter 1
» Bower Y 0 s H
-

IEC

Figure F.6 — Measurement of the reflected power P,

F.33 Calculations

Usi

r||g the definition of optical return loss in 3.1.7

ORL=10log g(P P}

RorL = 10 x logqo(Piy / P;) (F.1)

where P;, is measured directly as shown in Figure F.5. P is calculated by taking the measured
reflected power, P4, subtracting from it the contribution from the internal reflections of the
measurement system, P -that-will-still-be—present, and then compensating for the attenuation
that-will-be-suffered is experienced by the reflected light as it passes from test cord 1 back
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through the connector interface on the RLTS, through the coupler and on to the internal power
meter. Formula (F.2) shows the mathematical calculation of P,.

Pr = (Pm1 _Prs) x (Pref2 /Pref1) (F-2)

Substituting for P, in Formula (F.1) then gives Rgg in dB as:

ORL=10log 1 gt sHP 1P oo Prop 6B

Pin ><Pref1

Pm1_Prs)XPref2

RorL =10xlog1g (
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AnnexFAnnex G
(normative)

Continuous wave optical return loss measurement —
Method B

Applicability of test method

racterize the measurement set-up. Rewriting Formula (F.3) as

ORL="10l0g4gtPisH{Pm1—Prs A LrorPreit

Pin X Pref1
RorL =10xlogyq
(Pm1 _Prs)xprefZ
(

P
:10X|0910[Lm j_10X|0910(Pm1 _Prs)

ret

=Cs _10X|0910(Pm1 _Prs)

npared with the method A described in Annex F. this method utilizes a known reflectance to

whdre
Lyt is the attenuation of thexgoupler between P, and P ¢;
C; 410 x logyq(Pin / Lyet) islthe characterization factor.
G.2 Apparatus
G.21 General requirements
A typical_test set for return loss measurements is shown in Figure G.1. In addition to|the
apppratus,described in Annex F the reflectance termination described in G.2.2 is required.
Return Toss test set Cabling under test
- Test Pin R L Lo Test
cord1 ... i : cord 2
> . S ~
Angled D B : Connector Connector: Angled
Bower connector Iin pair pair connector
meter 1 pair
.
IEC

Figure G.1 — Return loss test set illustration
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G.2.2 Known reflectance termination

A termination with known reflectance is required to determine the internal-lesses attenuations
and reflections of the measurement system. Commonly a flat ended (PC but not angled)
connector; open to air is used, which has an assumed reflectance of —14,6 dB.

G.3 Procedure

G.3.1 Set-up characterization

In ofder to perform the measurement, It IS necessary to characterize the measurement sysjtem
by determining C;.

Cs gan be characterized by taking two measurements, the first with reflections suppressed| as
shon in Figure G.2, and the second using a reference reflector with known réflection R .4, as

shown in Figure G.3.

Return loss test set

Angled
connector
pair

Power
meter 1

Tight
rs mandrel

IEC

Figure G.2 — Measurement.of P with reflections suppressed

Return loss test set

Angled Riet
connector
pair

IEC

Figure G.3 — Measurement of P with reference reflector

The first measurement yields the internally reflected power P 4 of the RLTS, as described in
F.3.1, whereas the second measurement yields a reference power P so that the
characterization factor can now be determined as C; = 10 x l0g[(P,ef — Prg) / Ryefl-

When R, is much higher than the reflectance from the connector and coupler, (i.e. P.gt >> Py,
then C; = 10 x log(P,of / Rref)), SO that the determination of C; can be simplified to taking only
the measurement shown in Figure G.3.

NOTE All power measurements described are taken in linear units (W).
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G.3.2 Measurement procedure

The system reflected power, P, ,-reeds-te-be is measured by suppressing the reflection coming
from the connector at the far end of test cord 1, as shown in Figure G.4. This-is-dene can be
accomplished with a low reflection termination (see F.2.6). The amount of light reflected
internally within the measurement system, including the interface connector-may, can now be
measured on power meter 1 and recorded as Pg.

Return loss test set

([ ——— A Test
Tight —

sources

connector
pair

IC
Figure G.4 — Measurement of the system reflected power P

Then test cord 1-can-be is connected into the cabling under4est and any unwanted reflections
from the far end-ean-be are suppressed by using a low reflection termination (see F.2.6) af|the
end| of test cord 2, as shown in Figure G.5. The powep level on power meter 1-can is now-be
recgrded as P,y and subsequently used to determine/the reflected power by making allowar|ces

for fhe internal-tesses attenuations and reflections ‘ef the measurement system.

Return loss test set Cabling under test
- Test i LI L BN R L LD Test
Light cord1l  .....a » : cord 2
(& S et =
Angled 7 Connector Connector: Angled
Power conngctor \?F : pair pair conngctor
n_eter 1 pair H :
Pm1
\

IEC

Figure G.5 — Measurement of the reflected power P,

G.3|3 Calculation

Using the definition of optical return loss in 3.1.7 (see also Formula (F.1)) and the relation
shown in Formula (G.1), Rggr, is calculated by subtracting from the measured reflected power,
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P.,1, the contribution from the internal reflections of the measurement system, P, which was

present in the measurement of P4, and finally applying the characterization factor C;, as shown
in Formula (G.2):
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Other light source instability 0,005 dB Maximum
Power meter linearity 0,04 dB K=2
Power meter polarization error 0,005 dB Maximum
Power meter resolution 0,001 dB Maximum
Ungertainty of DUT P1 0,04 dB K=1
Ungertainty of DUT P2 0,08 dB K=1
Valgp
Source Units Dist. ora Divisor uj (ui cf)?
Ligit source stability dB Normal 6y932E-03 | 2,0000 | 3,466E-03 [ 1,20E{05
Ligll\t source connector stability dB |Rectangular|2,305E-03 | 1,7321 | 1,331E-03 | 1,77E{06
Other light source instability dB [Rectangular| 1,152E-03 | 1,7321 | 6,651E-04 | 4,42E{07
Sum 1,42E05
) Value
Source |ﬁgts Dist. U ora | Divsor uj (ui cfy?
Power meter linearity dB Normal 9,253E-03 | 2,0000 | 4,626E-03 | 2,14E{+05
Power meter polarization error dB Rectangular| 1,152E-03 | 1,7321 | 6,651E-04 | 4,42E{07
Power meter resolution dB Rectangular| 2,303E-04 | 1,7321 | 1,330E-04 | 1,77E{08
Sum 2,19E{05
X Value
\Qource Units Dist. U or a | Divisor u (ui cf)?
Ungertainty of DUT P1 dB Normal 9,253E-03 | 1,0000 | 9,253E-03 | 8,56E{05
Ungertainty of DUT P2 dB Normal 1,859E-02 | 1,0000 | 1,859E-02 | 3,46E{04
Sum 4,31E-04
Combined standard uncertainty, u (L) 2,16E-02
Expanded uncertainty, U=ku (L), with k=2 | 4,32E-02
Expanded uncertainty expressed in dB 0,18
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UNCERTAINTY COMPONENTS

Light source stability 0,03 dB K=2
Light source connector stability 0,01 dB Maximum
OthEr Tight source instability 0,005 dB Maximum
Power meter A linearity 0,04 dB K=2
Power meter A uncertainty 0,2 dB K=2
Power meter B linearity 0,04 dB K=2
Power meter B uncertainty 0,2 dB K=2
Power meter polarization error 0,005 dB Maximum
Power meter resolution 0,001 dB Maximum
Undertainty of DUT P1 0,04 dB K=1
Undertainty of DUT P2 0,08 dB K=1
Source Units Dist. Value | Divisor Ui (uj ci)
Light source stability dB Normal | 6,932E-03 | 2,0000 | 3,466E-03 | 1,20E-05
Light source connector stability dB |Rectangular{ 2,305E-03 | 1,7321 | 1,331E-03 | 1,77E-06
Othr light source instability dB |Rectangular{~1,152E-03 | 1,7321 | 6,651E-04 | 4,42E-07
Sum 1,42E-05
M Value
Source Uniits Dist. U ora | Divisor u; Wi cif
Power meter A linearity dB Normal 9,253E-03 | 2,0000 | 4,626E-03 | 2,14E-05
Power meter A uncertainty dB Normal | 4,713E-02 | 2,0000 | 2,356E-02 | 5,55E-04
Power meter B linearity dB Normal 9,253E-03 | 2,0000 | 4,626E-03 | 2,14E-05
PowWer meter B uncertainty dB Normal | 4,713E-02 | 2,0000 | 2,356E-02 | 5,55E-04
Power meter polarization' error dB |Rectangular| 1,152E-03 | 1,7321 | 6,651E-04 | 4,42E-07
Power meter resolution dB |Rectangular| 2,303E-04 | 1,7321 | 1,330E-04 | 1,77E-08
Sum 1,15E-03
QO Value
Source Units Dist. U ora Divisor uj (wi ciy
Uncertainty of DUT P1 dB Normal | 9,253E-03 | 1,0000 | 9,253E-03 | 8,56E-05
Uncertainty of DUT P2 dB Normal 1,859E-02 | 1,0000 | 1,859E-02 | 3,46E-04
Sum 4,31E-04
Combined standard uncertainty, u (L) 4,00E-02
Expanded uncertainty, U=ku (L), with k=2 | 8 00E-02
Expanded uncertainty expressed in dB 0,33
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Annex H
(normative)

On the use of reference-grade test cords

H.1 General

Test cords with reference-grade terminations are used, where possible, to reduce measurement

uncertainties. If a connector with an off-centre optical fibre were to be used, the results would

vary depending on the orientation of the fibre in the launch cord connector to the orientation of
pi

the |offset of the fibre in the connector in the cabling. However, the use of reference-grnade
terminations on the test cords means that the measured attenuation of the cabling w dally
be gifferent than if standard-grade terminations were used, thus leading to an adjpf/bnent infthe
test|limit for the measurement. (19

The| interpretation of the measured attenuation of the cabling is likel %be based ulpon
conlparison with a specified acceptance figure (the test limit) to provi pass or fail resgult.
Thig annex provides guidance on how these test limits should be mqﬁg:j to take into accqunt
the use of reference-grade rather than standard-grade connectors enithe test cords.

H.2| Practical configurations and assumptions s\\<(/

S )
H.2)1 Component specifications Q

Cabling under test comprises cable(s), splice(s),%ﬁ% connections.

&
Forlcables and splices, the value to be used igthe establishment of the attenuation contrib:ltion
is tHe maximum value specified in the reIev@t cabling or cable standard. The cable attenualtion
is cpalculated by multiplying the maximu ttenuation coefficient specified by the length offthe
cable. For example, a cabled tical fibre of Category OS2 (in accordance with
ISOJIEC 11801-1) has a maximum nuation coefficient of 0,4 dB/km at 1 310 nm, and go a
1 090 m length of cabling under t’6§ is allowed to include up to 0,4 dB of cable attenuation, in
addjtion to the other compone\ ttenuations.

For|connections, the valués to be used are:

a) B maximum val ecified in the relevant cabling standard, or
b) g 100 % (m .performance value specified in a connecting hardware standard.

Forlthe pur&g of Annex H, three types of connection are considered:

1) pt r@}a d-grade where the connector performance is specified by industry accepted values
8. IEC 61755-2-1). In Annex H, 100 % < 0,75 dB is applied as a maximum value.

2) Reference-grade where the connector performance is specified by industry accepted values
(e.g. IEC 61755-2-4). In Annex H, 100 % < 0,20 dB is applied as a maximum value.

3) "Mixed" where standard-grade components are connected to reference-grade components.
There are no standard-based values for this performance.

NOTE 1 Itis assumed that the mixed connection performance will be between standard-grade and reference-grade.
For purposes of the worked examples given in Clause H.4, it is assumed to be 0,50 dB.

If reference-grade terminations are used on the test cords, the measured attenuation of the
cabling will typically be different than when standard-grade terminations are used. This means
that if the acceptance figure is based upon the assumption of standard-grade terminations for
the finally configured system, for example, then some adjustment of the acceptance figure can
be necessary.
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These uncertainties are particularly significant when short lengths of cabling are being tested
because the attenuations associated with the connections are much higher than the
attenuations of the fibre itself. For long haul systems, the attenuation of the fibre dominates the
total attenuation, and this uncertainty is less critical.

Table H.1 shows examples of attenuations between the different possible combinations of
reference and standard-grade terminations, assuming the use of reference grade R2 and
untuned PC (non-angled) grade C connectors with cylindrical ferrules.

NOTE 2 At the time of writing, it was expected that the designation "R2" for single-mode reference grade connectors
with 0.2 dB attenuation will be replaced by a new designation "R_. ;" in the future Edition 2 of IEC 61755-2-4 and

also|referred to as "Rs1-Grade 2" in Edition 3 of ISO/IEC 14763-3. A
Table H.1 — Expected attenuation for examples Q‘
alx
Termination 1 Termination 2 Attenuatior}@lﬁrement
SM reference-grade R2 SM reference-grade R2 %ydB
—
SM reference-grade R2 SM standard-grade C (untuned) {_\,b‘s 0,5 dB
M standard-grade C (untuned) SM standard-grade C (untuned) QQ)\) <0,75dB
NOJTE Table H.1 shows the required performance of standard-to- standar@: nnectors in accordance With
IEQ 61755-2-1 and reference-to-reference connectors in accordance with IEC 755-2-4.

N4
S

H.2)2 Conventions Q

In Annex H, the various connections in the refe e and test configurations of H.2.3|are
denpted by a letter. For example, the connectio &tween the launch cord and the cabling under
test|is usually designated 4. 2

&
A convention has been adopted in Anne&N—| to denote the grade of connectors that are used in
that|connection as follows: A\

e When the connection is "standﬁ%-grade", the letter is used by itself (e.g. 4);

e hen the connection is " d", the letter is used with a single prime suffix, (e.g. 4);
* hen the connection .is~"reference-grade”, the letter is used with a double prime suffix,
e g AH)

Thel maximum va@s used are designated as follows for single-mode connections (uging
"stajndard- grad s an example):

*  {max (@%}B

H.2.3 Reference planes

Reference planes define the start and finish points of the required attenuation measurements.
The reference planes for the four cabling configurations described in 4.2 are shown in Figure 3
to Figure 6. The term "required result" is defined as the attenuation in the cabling configuration
between the reference plane start and the reference plane finish.

Figure 3 to Figure 6 show the reference planes for cabling under test using LSPM test
equipment. The relevant results and discussions of uncertainty are described in Clause H.3
with examples provided in Clause H.4.
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The same reference planes apply when using OTDR test equipment (the OTDR would replace
the LS in Figure 3 to Figure 6 and the PM would not be present). This is discussed in
Clause H.5.

H.3 Impact of using reference-grade test cords for recommended LSPM

methods

In the test methods described in Annex A to Annex D, the measured attenuation result, 4, is
defined as the difference between the reference power level and the measured power level. For

eac
con

In Annex A to Annex C: b‘

In A
and

Tab
and
thatf]
refe

h method, the corresponding annex defines the contributions to 4 in terms of cabling

nd

nection attenuations, as for example in the formula "4 = 44 + A, + A" in Annex A. Q

Q}/

4. is the attenuation of the cabling excluding its terminating conn@rs;

mplement the required reference configuration of test cords.

each end of the fixed cabling. Q

e H.2 lists the results and the test limit adju &nt for the different cabling configurat
their recommended test methods when usi eference-grade test cords. The table sh
no additional uncertainty (above that @ ussed in Clause 5) is produced when u
rence-grade test cords. \‘S\

Table H.2 — Test limit adju&‘t@ent when using reference-grade test cords

4, is the attenuation of the connection between the cabling under test W(c]/the receive cprd;
/

M, is the attenuation of the connection between the launch cord and the cabling under fest;

13 and 4,4, where used, are the attenuations of extra conne‘éﬁms that are necessary to

nnex D, 44 and 4, are the attenuations of the conneé(%ns between the equipment cords

ons
bWS
5ing

\U .
Conpfiguration| Method N(h;bsured result R?Z::Ifd Test limit adjustment
A8
A
A Annex A | 4 (‘9> + A2/ * Ac A1 A, + Ac (A1 /max - A1max) * (Az/max - A2max)
(1 cord) ‘.
\\ = -0,5 dB
P\
B (AHI‘Q)Q\B)) 4 =A1’+A2,+Ac _ASH_ A4” AC A1!max +A2’max_A3”max _A4”max
ords
@’ =~ +0,6 dB
ON
)\ -4 / " ' / "
C C Annex C A_A1 +A2 +AC_A3 A1 +Ac (A1max_A1max)+A2 max_A3
(-i‘ *| (2 cords) = negligible
Nt
\Q/ Annex D | A=A, +Ad,+ 4, Ay + A, + A, | None
(laquinmant
cord)

H.4

Examples for LSPM measurements

H.4.1 Example 1 (configuration A, one-cord method, Annex A)

A single-mode cabling system 100 m long is terminated in a patch panel at each end. The total
maximum attenuation, assuming standard-grade connectors, would be 1,60 dB, assuming
1,0 dB/km cabled optical fibre attenuation (0,1 dB for the 100 m of optical fibre) and 0,75 dB

per

connection, as shown in Formula (H.1).
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Atmax * Aomax * Ac max = 0,75 dB + 0,75 dB + 0,10 dB = 1,60 dB (H.1)

If this system was measured using the one-cord reference method and reference-grade
terminations on the test cords, then the total maximum attenuation would be 1,10 dB (0,1 dB
for the 100 m of optical fibre plus 0,5 dB for each connection between reference-grade and
standard-grade terminations), as shown in Formula (H.2).

A1 max T A2'max T Ac max — Y,0 db + U, 0dbB + U, 10 dB = 1,70 db A( H.2)

N\
W&

Thus, when the attenuation is measured using reference-grade test cords, Q%l/acceptance
figufe shall be adjusted by (A4'\hax = Atmax) ¥ (A2 max =~ Aomax) = —0,9 as showr in

Tabje H.2. When measured with standard-grade test cords, there i change to |the
acceptance figure, but there is a large additional uncertainty as seen~in able 5 (due to|the
repfjoducibility of standard-grade test cords). The use of reference-g@est cords is therefore
recommended, provided that the acceptance figure is adjusted. N

H.4{2 Example 2 (configuration B, three-cord method,Q/gr\ex B)

Cornsider the above cabling system having equipment ¢ ection cords with standard-grfade
terminations connected into the patch panels. The expected maximum attenuation exclugling
the ferminal connectors will be the fibre attenuatio% max = 0,1 dB.

N\
If this system was measured using the thre%}gord reference method and reference-grade
ternfinations on the test cords, then the tatafdmaximum attenuation would be 0,70 dB (0,1 dB
for the 100 m of optical fibre plus 0, 5 r each connection between reference-grade [and
standard-grade terminations minus 0, for each connectlon between reference-grade fand
reference-grade connections), as sh@%f in Formula (H.3).

A2max+Acmax AS"max_A4”max (_| 3)
—OSd(&)SdB+O10dB 0,2dB-0,2dB =0,70 dB '

Forleach refere gdrade to reference-grade connection in the reference measurement that is
replaced by %&rence-grade to standard-grade connection in the attenuation measurement

configuratio n adjustment of 0,3 dB should be added to the acceptance figure, which is bgsed
on the as@ntion of using standard-grade connectors.

H.4 3\Q/ Example 3 (configuration C, two-cord method, Annex C)

The above cabling system is considered, but with connection cords having standard-grade plug-
to-socket style connectors, such as MTRJs, connected into patch panels. To test these systems,
it is necessary to use the two-cord reference method with the addition of a reference-grade
adapter cord to complete the test configuration. This adapter cord allows connectivity but also
adds the attenuation of the mated pair of connectors factored out in the referencing procedure,
because all the connectors involved are reference-grade. However, the reference-grade
termination interface with the standard-grade patch panel connectors will typically have a lower
attenuation than those of the equipment patch cords. The acceptance criteria, therefore, should
be reduced by 2 x 0,25 dB = 0,5 dB.
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H.4.4 Example 4 — Long haul system (one-cord reference method)

A link 80 km long is terminated at optical distribution frames (ODFs) by splicing on pigtails. The
route is made up of 16 drums of cable each 5 km long with fusion splices between them. The
expected attenuation of the link at 1 550 nm, assuming standard-grade connectors, is 20,8 dB,
which assumes 0,22 dB/km for the fibre attenuation, an average 0,1 dB for the 17 splices, and
0,75 dB for each of the terminations at the ODFs.

When tested using the one-cord reference method, the expected maximal attenuation between
the terminations will be 20,3 dB, assuming that reference-grade terminations are used on the
test cords.

It can be seen that the variance in this case is much less significant than for the ab gses
whdre there are short lengths of fibre.
™
N7

H.5| Impact of using reference-grade test cords for different conﬁ;’urations
using the OTDR test method W
s/

%Q
H.5)1 Cabling configurations A, B and C '\(1/
Wheén using the OTDR test method with a suitably high resolt@quTDR and sufficiently llong
launch and tail cords, as shown in Figure H.1, it is possible%/ parately identify and meagure
the jattenuation of each of the contributory factors (44 + A2;\+ o etc.).

Reference plane start QQ Reference plane finish
B Required gt@u tion -
%
N
Lc \) TC
OTDR (g =N, OA = |
150 c 2
IEC
O
Key .
OTDR optical time don@eflectometer
LC launch cord
C cabling r test

TC tail Q‘
1,2 Q@Q;ctor sets

$ igure H.1 — Cabling configurations A, B and C tested with the OTDR method

The OTDR will usually produce an event table or schematic diagram containing details of the
distance to each event and its attenuation as well as the length and attenuation of the sections
of cabling between the events.

There is no substitution of connections from a reference measurement, therefore the setting of
test limits is simplified as shown in Table H.3.
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Table H.3 — Test limit adjustment when using reference-grade test cords —
OTDR test method

Configuration| Method Measured result R‘:g::l:?d Test limit adjustment
A Annex D 4 =A1/+A2’+Ac 4, +A2+Ac (A1’max_A1max) + (Az’max_AZmax)
(OTDR)
~ -0,5dB
B Annex D A=Ay + A+ A —Ag"= A" | A, For further study
(OTDR)
v ATIITEX D A=A T A, A Ay AT A, forfortierstudy
(OTDR) A
AN
D Annex D A=Ay + A, + A + A5 — A5 Ay + A, + A, | None Q‘\/
(OTDR) ﬂb‘
. . Qv
D |(see Note) | Annex D A=Ay + A+ A, + A, + A, Ay + Ay + A, | For further study ('1/
(OTDR) q .

NO|
ang
ung

ya
Y
TE When the equipment cords are short, it can be impossible to separately ide 'fy%nd measure 4, an
4, and 4,'. The acceptance figure could be adjusted to include the combine
cceptable to get a false pass by doing so; this subject is still under discussio&
~

K

nuations, but it woulfl be

H.5

laun
atte

The
and
eve

How
and

of t
can
cab
cab

by ¢

equ*pment cords. When it @)ﬂ\ot possible to separately resolve and measure the attenuat

2 Cabling configuration D ;\\Q/
O

When using the OTDR test method with a suitably h&resolution OTDR and sufficiently long

ch, tail and equipment cords, it is possibl separately identify and measure
huation of each of the contributory factors (AN U, + A, etc.) as shown in Figure H.2.

QO
OTDR will usually produce an event t%@containing details of the distance to each e
its attenuation as well as the length and'attenuation of the sections of cabling between
nts. %)
4\
ever, the ability of the OTDK@ethod to separately identify and measure connections
As, and 4, and A4, depe@bs upon the capability of the OTDR and the lengths of

e connections at both ends of the equipment cords accurately, then the acceptance fig
be adjusted to in@e the attenuation of the connection between the launch cord and
ing under test Qvell as the attenuation of the connection between the tail cord and
ing under test,\shown in Figure H.2 as 45 and 4,4, but it would be risky to get a false g

-

oing so; t ubject is still under consideration.

O
3

N2

the

ent
the

the

ons
ure
the
the
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Reference plane start Reference plane finish
Required attenuation

@
-

A

LC EC1 EC2 TC
OTDR [d (= = u= = o
3 1 C 2 4
IEC
Key

OTPR optical time domain reflectometer EC1 equipment launch cord

LC launch cord EC2 equipment receive cord

C cabling under test 1,2,3,4 connector sets

TC tail cord

Figure H.2 — Cabling configuration D tested with the QTDR method
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Annex-HAnnex |
(informative)

OTDR configuration information

Introductory remarks

Annex | provides information regarding OTDRs and their configuration. It also provides
additional diagrams to help in the application of Annex E. Refer to |IEC 61746-1-on—the

-

The

of t
Thig
1)

2)

The
has
pow
On

alor
inde

Thig resultant graph of-less attenuation on the vertical scale against distance on the horizo
e is known as a backscatter trace. Analysis of this backscatter trace can yield much

sca
info

und'rr test and by monitoring, as a function of time delay, the returning signal geming back

ealeHe#eLsmgie-med&@lDRs and |[EC 61300-3-4 for further details and definitions on OT
performance parameters.

e same end of the optical fibre.

returning signal comes from two sources:

scattered light from within the optical fibre itself. This is due to'Rayleigh scattering cau
by minute variations in the molecular structure of the silica causing some of the light pul
energy to be scattered in all directions — a very small proportion of this is scattered bag
the direction it came from — this is known as "backscatter;

bf the system. These are known as Fresnel reflections.

to work with. Usually, this raw data is processed by the OTDR such that the returning si
er is plotted on a logarithmic scale to givedess attenuation in decibels on the vertical sg
he horizontal scale, the time delay for<the round trip is converted into a one-way distg
g the system, by providing the OTDR*with a figure for the group index (effective refrag
x) of the optical fibre under test.

Fmation about the cabling under test, including:

otal attenuation ofithe link or channel under test;

otal optical return loss of the link or channel under test;

ength (and,propagation delay) of the link or channel under test;
pttenuation coefficient of the optical fibre in the cabling under test;

httenuation of connections (splices and connector pairs);

graph of returning signal power as a function\of time delay is the raw data that the OT

DR

OTDR operates by injecting a short pulse of light into one end of the fibreroptic system

out

sed
5e's
kin

reflections from interfaces and changes in refractiveindex at discrete points along the lepgth

DR
jnal
ale.
nce
tive

ntal

rehrn loss (reflectance) of reflective _features elements such as connector pairs

nd

mechanical splices;

e distance information between certain features in the trace.

However, successful and comprehensive characterization of the cabling under test is dependent

upo

n a number of factors, including:

e the optical performance of the OTDR being used;

o the correct set-up of the OTDR’s measurement parameters;

e the correct measurement configuration including appropriate length launch cords and tail

cords;

measurement good practices — cleanliness of connectors, etc.;

e the use of bi-directional measurements (see Clause 1.6 and Clause 1.7).
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1.2 Fundamental parameters that define the operational capability of an OTDR

1.2.1 Dynamic range

Dynamic range is the capability of an OTDR to measure a large amount of attenuation. The
dynamic range is the difference between the maximum backscatter level near 0 m and at 98 %
of the noise floor. Another method of measurement uses SNR = 1 (RMS noise). The dynamic
range increases when the laser pulse width increases, and when the noise level decreases by
averaging.

the
fibr¢ and the noise floor. The dynamic margin varies the same way as the dyraric range. [The
estimation of the dynamic margin can be used to determine the noise‘ amplitude on|the
backscatter signal which defines a large part of the measurement uncertainty. Whenever|the
dynpmic margin is low, the noise on the backscattered signal becomgs_asymmetrical, leadling
to an under-estimation of the backscattered signal. For recommendatiens on dynamic margin,
see|lEC 61280-4-3. Dynamic margin is a contributing factor in OTBRvmeasurement uncertainty.
A dynamic margin of = 3 dB is recommended; = 5 dB is preferred.

1.2.3 Pulse width

The| pulse width and laser peak power define the energy level launched into the optical fipre.
Thig determines the amount of scattering signal returning. As pulse width increases, dyngmic
range increases, however, dead zones also incréase.

1.2. Averaging time

Thel averaging time defines the durationto sum and average a large number of data samples.
Beslt signal characterization is preferable yet takes the longest averaging time. The gredtest
benkfit to averaging time occurs daning the first 30 s of averaging. Generally, a dynamic rajnge
increase of 0,75 dB occurs when_doubling the number of averages.

1.2. Dead zone

Thefe are several orders of magnitude difference between the very small signal level received
from the backscattered light within the optical fibre and the relatively large signal level recejved
fronmp Fresnel reflections at reflective interfaces of connectors. It takes a finite time for|the
detgctor in the_OTDR to recover from the Fresnel reflection such that it can measure(the
backscatteréd light levels again. During this time, it is not possible for the OTDR to meagure
any|variation in the backscattered signal level (such as splicedesses attenuations for example)
and|so the section of optical fibre following a reflection is referred to as the "dead zone".

The length of this dead zone will depend upon the response time of the detector, the magnitude
of the Fresnel reflection and its duration, which is determined by the pulse width.

For-mest single-mode applications, the most significant dead zone is the attenuation dead zone.
This is the distance after a reflective event at which the backscatter level has returned to be
within a certain tolerance (AF) of a linear fit to the backscatter trace and-ess attenuation
measurements can be made. Refer to IEC 61746-1 for a full definition of the attenuation dead
zone.

NOTE An OTDR typically supports a range of pulse widths and averaging time to balance dead zone, dynamic
range and test time for the optical fibre under test. Shorter (narrower) pulse widths typically provide shorter dead
zones (better) but reduce dynamic range (worse). Increased averaging time typically increases dynamic range. OTDR
dead zones are typically specified for short pulse widths (< 10 ns) and standard connector return loss = 35 dB.
Attenuation dead zone using a narrow pulse width is typically less than 8 m. Dynamic range using a wider pulse
width is typically more than 20 dB.
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1.3 Other parameters

1.3.1 Index of refraction

The index of refraction is used to set up the scale factor of the horizontal scale. This allows
fault location and attenuation coefficient calculation.

On a general basis, the index of refraction is not known, while the length of the optical fibre is
known. In this case, the real index of refraction can be determined.

Whén the index of refraction is known it shall be used; otherwise use the values of Table]1.

Table 1.1 — Example of effective group index of refraction values

Centre wavelength 1310 nm 1550 nm 1625 nm 1 650 nnj

SMF (=t reminalomeleradotibe 1,467 1,468 1,469 1,469
IEQ B-652 or B-654 dispersion-unshifted
single-mode fibre)

If fijre types other than-B-1 B-652 or B-654 are being used and if.aceurate length measuremegnts
are required, the fibre manufacturer should be consulted for appropriate refractive index-figgres
valyes.

1.3.2 Measurement range

Thel measurement range or measurement span-is_the distance that is covered by the OTDR
time base. The measurement range shall be setto be greater than the length of the optical fibre
to be tested. Note that with some OTDRsy,when testing systems with strongly refledtive
conpectors, it-may can be desirable to set'the measurement range to be greater than twice|the
length of the system under test in order.to.reduce ghosting effects.

1.3.3 Distance sampling

The|distance sampling (or sampling resolution) is the distance between two sampling point$ on
the |horizontal scale. This distance may be coupled to the measurement range (e.g. when|the
number of data points is constant).

Whe¢n adjustable, the“sampling resolution should be set to a small enough time intervgl to
enspre that all feattures of the link are well resolved. In any case, it should be set ten tines
lower than thejpulse width. Note that the size of the data file generated will be proportional to
the measurement range divided by the sampling resolution.

1.4 Other measurement configurations

1.4.1 General

Clause 1.4 reports some-particular measurement configurations that are not part of Annex E.

1.4.2 Macrobend attenuation measurement

Figure 1.1 illustrates the-preper measurement trace-ef when a macrobend (or a fusion splice) is
present within a cabling. The attenuation of a macrobend is measured using linear regressions
on both sides of the macrobend. The attenuation is given by the difference of displayed power
level at the intercept of the two linear regressions with the vertical axis of the bending location.
Note that the bending location is before the change of curvature of the trace.
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Note that on single-mode fibres the amount of-less attenuation introduced by a macrobend
increases at longer wavelengths. Therefore, comparison of traces at two or more different
wavelengths-may can help to identify the presence of bends.
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Figure 1.1 — Splice and macrobend attenuation measurement
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1.4.3 Splice attenuation measurement

Use the same process as previously defined for a macrobend within a cabling.

1.4.4 Measurement with high reflection connectors or short length cabling

Figure 1.2 illustrates a measurement of installed cabling with highly reflective connectors. The
strong reflection at the launch cable causes pulse clipping and tailing. Tailing makes attenuation
coefficients and closely spaced events difficult to measure.

This.demonstrates that it is impnrtnn’r to follow a measurement prnr‘pr‘lurp that does not use any
parf of the tailing signal.

Tailjng is a good indication that a connector is dirty and should be cleaned before making further
testp.
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Figure 1.2 — Attenuation measurement with high reflection connectors
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Figure 1.3 illustrates a measurement of a short length cabling. The length of the link is shorter
than the attenuation dead zone. Separate measurements of the cabling and connections are
not available, while the overall measurement is still available.

This demonstrates again how it is important to follow the measurement procedure that does not
use any part of the tailing signal.
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Figure 1.3 — Attenuation measurement of a short length cabling
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1.4.5 Ghost

Figure 1.4 illustrates a measurement of installed cabling with a highly reflective connector and
resulting ghost. Sometimes, the OTDR software-may-identify is capable of identifying ghosts
properly; if not, a ghost can be identified when the distance between two events on the optical
fibre is duplicated.
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Figure 1.4 — OTDR trace with ghost
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1.5 More on the measurement method

The measurement method defined in Annex E is also called the five cursors method. This is
due to the fact that readings at five cursor positions are used to complete the measurement.

Figure 1.5 shows the positioning of the five cursors on the backscattering trace. Cursors C1 and
C2 define the area of linear regression in the launch-test-cable cord, whereas cursors C3 and
C4 define the area of linear regression in the tail-test-cable cord. Cursor C5 is positioned to
define the start of the measured attenuation (e.g. L), and cursor C6 is placed to define the end

of the measured attenuation. Often the instrument will calculate and display this attenuation as
parf of an event table.
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Figure 1.5 — Cursor positioning
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Make sure that the OTDR is configured for the application of a linear regression between the
cursors. This configuration-may is sometimes also-be called least square approximation (LSA).

NOTE The alternative of the linear regression setting (LSA) is generally called two points. This configuration
generally leads to significant errors since the calculation of the slope is made using only two points of the
backscattering trace while the LSA reduces the consequence of the noise and nonlinear response due to dead zone
effects.

1.6 Bi-directional measurement

of the cabllng under test. ThIS aIIows any inaccuracy in the measurement ofcompo ent
uation due to variations in the optical fibre backscattering characteristics to be cancelled
out py averaging the component attenuation measurements taken from both ends of the system.

If tHe launch cord and tail cord have similar scattering characteristics, verifigd) according to
IEC|61280-4-3:2022, B.5.2, and only the total attenuation of the link is required {6 be measufed,
it is|sufficient to carry out OTDR testing in one direction only. However, ifsthe launch cord [and
tail ford have different characteristics from each other, bi-directional OTBDR testing is requifed.

In drder to accurately measure the first and last connection forcbi-directional averaging, fone
sholld keep the launch and tail cords in their initial measurement positions. Thus, the launch
cord of the first direction becomes the tail cord of the oppositedirection. This will ensure that
identical optical fibres are mated, so that the effects of made field mismatch between the [test
cords and cabling can be averaged out.

Annlndividual attenuation, in dB, is defined as the_half sum of the attenuations, in dB, recorded
from each end, as shown in Formula (I.1).

_ Aoe + Aeo

whdre
Age is the attenuation-measured in the direction from the origin to the extremity;
Aeo is the attepuation measured in the direction from the extremity to the origin (see also

IEC TR 62316 for more details).
NOTE Some OJFBRS include specific firmware to manage bi-directional measurements.

Averaging hi-directional testing for determining reflectance will produce incorrect results, since
fungaménially, connector reflectance is direction dependent.

1.7 OTDR bi-directional trace analysis

Figure 1.6 shows a typical bi-directional OTDR display. The trace from one end is shown
reversed and superimposed on the trace from the opposite end of the same fibre so that the
positions of all events correlate. The corresponding event table, displayed in Figure |.7, shows
the results after bi-directional averaging. Note, for example, the high-ess attenuation splice on
the reversed trace at event 3, where there is a "gainer" (apparent negative splice—less
attenuation) when measured from the opposite end. Note also that the-less attenuation of the
connector (event 12) is much less when measured in the forward direction, significantly
reducing the bi-directionally averaged connector-ess attenuation.
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Figure 1.6 — Bi-directional OTDR trace display
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81 5 T 12,816 00 0,110 -0,094 0,008 0,191 0,191 0,191
91 ™ 4 T 13,476 59 0,034 0,007 0,021 0,186 0,203 0,199
101 ™ 3 T 15,531 91 0,077 0,076 0,077 0,187 0,196 0,191
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12 ==" 1 == 19,625 28 0,136 0,534 0,335 0,182 0,198 0,190
131 ==~ 0,197 0,200 0,199

IEC

Figure'l.7 — Bi-directional OTDR trace-loss attenuation analysis

1.8 Non-recommended practices

1.8.1 Measurement without tail cord

If tIA foul P~ H H o +4 £ £ 4+ 4 + Al £+ Ll i + +all
1 il CUTU To TTTITooTTTy, T atitTTTudiivurmT UT UTT CUTITTTUIUT gt Lo TTTUu UT T LAUTITTy To TTUt U l\en

into account. Also, the measurement is not possible when the length of the cabling is short
regarding the attenuation dead zone (see 1.4.4).

This type of measurement is only acceptable for the qualification of a repair of the cabling that
had been tested before the damage (assuming configurations of the OTDR and the cabling
allow for visualization of the repair).

1.8.2 Two cursors measurement

OTDRs generally provide easy access to two cursors showing location and power level position
as well as the attenuation between the two cursors.
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The use of a cursor measurement is not recommended for attenuation measurements, because
of all the factors mentioned in Clause |.4 and the fundamental importance of properly evaluating
the backscatter slope and level before and after the intended event or section. Therefore, an
advanced LSA analysis is preferred.
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Annex-lAnnex J
(informative)

Test cord attenuation verification

Introductory remarks

The validity of installed cabling attenuation measurements critically depends on the attenuation
performance of the test cords used in all LSPM methods. Test cord attenuation verification
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J.3

J.3.

Lld be performed before formal testing of installed cabling begins. Cords should he
fied at the beginning of each testing session, for example daily, or after the number of
rtions is approached as stated in the mating durability specification, typically define
dreds of mate and de-mate cycles.

I cord attenuation performance verification involves measuring the attenuation of the
s, and possibly performing steps to obtain acceptably low attenuationyperformance prig
suring the installed cabling. The maximum acceptable attenuation-may can be establig

he manufacturer of the test cords, or by cabling standardsiI¥is not advisable to
pptance criteria for test cords to levels as high as the minium performance level

nis allowance, typically up to 0,75 dB, contributes directly/to uncertainty of the meast
ing attenuation.

Apparatus
light source, power meter and test cords defined in Clause 6 are required.

necessary to use a power meter thatiwill mate to the plugs of the test cords, that is, off|
et or adapter of the same type asthat of the installed cabling to be tested. This-may
ccomplished in two ways:

by using a compatible socketon the power meter, or

py attaching to the powermeter, a short (< 2 m) "bucket cord", free of bends of radius

han 30 mm, having.a cable-plant-compatible adapter on one end and a plug compat
vith the power meter socket on the other. The optical fibre within the bucket cord is

arger core diameter and higher numerical aperture than that of the cords under test so
substantially alltight-may can be collected from the cords under test.

Procedure

1 General

re-
blug
d in
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number of ways, for example, by customer testing requirements, the specifications claimed

set
i.e.

imum allowable connection attenuation) permitted by cabling standards, as the magnifude

red

er a
can

ess
ible
bf a
that

The verification procedure depends on the number and type of cords used in the test method.
A power meter with a compatible socket is illustrated. The bucket cord adaptation is not shown.

The

procedures are presented in the following organization and order:

a) One-cord and two-cord methods:

connector styles, such as LC, SC, or other plug-adapter-plug types;

or are of the plug-to-socket style, like the SG.

use J.3.2 for test cord interfaces that are non-pinned or unpinned and non-plug or socket

use J.3.3 for test cord interfaces that are of the pinned-to-unpinned style, like the MT-RJ,
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b) Three-cord method:

connector styles, such as LC, SC, or other plug-adapter-plug types;

or are of the plug-to-socket style, like the SG.

use J.3.4 for test cord interfaces that are non-pinned or unpinned and non-plug or socket

use J.3.5 for test cord interfaces that are of the pinned-to-unpinned style, like the MT-RJ,

Most of the procedures contain optional sequences that are designed to test the cords bi-
directionally. Regardless of whether these optional steps are performed, labelling of the cords
is advised so that their orientation and order in the test cord sequence can be identified.

Thel| attenuation formulae assume that power readings are made in absolute linear units

as

If the power readings are made in relative logarithmic units such as decibels relative

milliwatt (i.e. in dBm), then the attenuation is determined by subtraction of the readirig from
reference. For example, if the reference is —12 dBm and the reading is £12;5 dBm,
attenuation is (-12 dBm) - (-12,5 dBm) = 0,5 dB.

icrowatts (UW) or milliwatts (mW) that have to be converted to decibels using Iogaritj

uch
ms.
o a
the
the

In any of the procedures, if the connection between the launch cord TC¥ and the light sodirce

is d
has]
typi

J.3.

The

a)

b)

c)

Ste
the

d) and e) allows TC2 to-be used in either orientation; performing step f) allows TC1 to be u

ine

d)

e)

sturbed, for example by disconnection or mechanical stress, a pew reference power |
-to should be obtained, because the amount of power coupled“from the light sourc
cally sensitive to these disturbances.

2 Test cord verification for the one-cord and two-cord reference test methods
when using non-pinned or unpinned and non-plug or socket style connectol

procedure is as follows:

Dbtain reference power measurement Py withylaunch cord TC1 as shown in Figure J.1.

nsert adapter A1 and receive cord TC2 between TC1 and power meter as show
Figure J.2 and record P;.

imits. If not, clean the plugs.and adapter A1, or replace TC1, TC2 and A1 as necesj
before continuing. After cleaning or replacement, repeat from step a).
cords-must shall be used only in their tested orientation. More precisely, performing st

ther orientation-

Disconnect. TC2 from the power meter and adapter, interchange the ends, reinsert betw
hdapter and power meter, and record a second power level, P,.

pvel
e is

S

N in

Determine the attenuation in dB as™10 x log(Py/P4). Verify attenuation is within acceptable

pary

bs d), e) and f) are recommended but optional. If steps d), €) and f) are not performed, then

eps
sed

een

f)

NOT

Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within acceptg

ble

If the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light source
and adapter, interchange the ends, and repeat steps a) through e), obtaining a new
reference reading P3 and power readings P, and Pg as above.

E All power measurements described are taken in linear units (W).
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Figure J.1 — Obtaining reference power level P
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TC launch cord PM power meter

A1 connector set P,y test power measurement

Figured.2 — Obtaining power level P,
J.3.3 Test cord verification for the one-cord and two-cord reference test methods
using pinned-to-unpinned or plug-to-socket style connectors

J.3.3.1 General
Thig procedure s -subdivided into two parts, one for compatible interfaces and one| for
incdmpatible interfaces. The procedure of J.3.3.2 applies to cases where TC1 and TC2 proyide
mutually compatible interfaces between them, where, for example, one plug is pinned and|the

to dases where TC1 and TC2 do not provide mutually compatible interfaces between thiem,
whdre{for example, both plugs are pinned or unpinned, or both are plugs or sockets.

othir unpinned, or where one is a plug and the other a socket. The procedure of J.3.3.3 aplies

NOTE All power measurements described are taken in linear units (W).
J.3.3.2 Compatible interfaces

This procedure differs from that of J.3.3.3 because the cords are assumed to be directional due
to their pinning or plug-to-socket arrangements. In cases where this assumption does not apply,
the procedures of J.3.3.3 are recommended so that bi-directional test cord verification can be
established. In cases where bi-directional verification-may-be is possible, power meters that
can accept both pinned and unpinned plugs shall be included.

a) Obtain the reference power measurement Py with launch cord TC1 as shown in Figure J.3.

b) Insert adapter A1 and receive cord TC2 between TC1 and the power meter as shown in
Figure J.4 and record P,. A socket for plug-to-socket style connections replaces adapter A1.
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c) Determine the attenuation in dB as 10 x log(Py/P,). Verify that the attenuation is within

acceptable limits. If not, clean the plugs and adapter A1 (or socket), or replace TC1, TC2
and A1 as necessary before continuing. After cleaning or replacement, repeat from step a).

TCA1

LS $NE \‘ Al 7 PM

IEC

ons
the
low

C2
ent.

Key
LS light source
TCA1 launch cord
PM power meter
PO reference power measurement
Figure J.3 — Obtaining reference power level P
TC1 TC2
LS ZS/\’E \ ! \ A1 P PM
A1
IEC

Key

LS light source TC2 test cord

TC launch cord PM power meter

A1 connector set P, test power measurement

Figure J.4 — Obtaining power level P,

J.3.8.3 Incompatible interfaces
Particular configurations of pinned-to-unpinned and plug-to-socket style connect
necgssitate thewintroduction of a third cord that provides a compatible interface between
cords under test. The attenuation of this three-cord combination-shall should be sufficiently
so that the.cambined attenuation still passes the acceptance criteria for the attenuation pf a
single interface. Configurations that necessitate a third cord include those where TC1 and |
are pgath,pinned or unpinned or are both plugs or sockets in a plug-to-socket style arrangem

a) Obtain reference power measurement Py with launch cord TC1 as shown in Figure J.5.

b) Insert adapters A1, A2, substitution cord TC3, and receive cord TC2 between TC1 and
power meter as shown in Figure J.6 and record P,. For plug-to-socket styles, the adapters

are replaced by sockets on the ends of TC3.

c) Determine the attenuation in dB as 10 x log(Py/P). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters A1 and
A2 as necessary before continuing. After cleaning or replacement, repeat from step a).
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Steps d), e) and f) are recommended but optional. If steps d), e) and f) are not performed, then
the cords shall be used only in their tested orientation. More precisely, performing steps d) and
e) allows TC2 to be used in either orientation; performing step f) allows TC1 to be used in either

orientation.

d) In configurations that permit, disconnect TC2 from the power meter and adapter,
interchange the ends, reinsert between adapter and power meter, and record a second

power level, P,.

e) Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC2, TC3 and adapter A2 as

f) |f the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light so]A
bnd adapter, interchange the ends, and repeat steps a) through c).
TC1
LS $NE \‘ al » PM
IEC
Key
LS light source
TC1 launch cord
PM power meter
PO reference power measurement
Figure J.5 — Obtaining-reference power level P,
TC1 TC3 TC2
LS ZS/" \ 0 \ 0 \ gl PM
A1 A2
IEC

Key

LS light seufce TC3 test cord

TC launeh cord TC2 test cord

A1 eorinector set PM power meter

A2 \JUIIIICLz‘lUI cct ln,l tcct PUWTIT |||caou|c|||c||t

J.3.4 Test cord verification for the three-cord reference test method using non-

Figure J.6 — Obtaining power level P,

pinned or unpinned and non-plug or socket style connectors

The procedure is as follows:

a) Obtain reference power measurement Py with launch cord TC1 as shown in Figure J.7.

rce

b) Insert adapter A1 and receive cord TC2 between TC1 and power meter as shown in

Figure J.8 and record P.
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c) Determine the attenuation in dB as 10 x log(Py/P¢). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapter A1, or replace TC1, TC2 and A1 as necessary
before continuing. After cleaning or replacement, repeat from step a).

Steps d, e) and f) are recommended but optional. If steps d), e) and f) are not performed, then
the cords shall be used only in their tested orientation. More precisely, performing steps d) and
e) allows TC2 to be used in either orientation; performing step f) allows TC1 to be used in either
orientation. If steps d), e) and f) are skipped, P, becomes the reference power level P,y in

step h).

d)

isconnect TC2 from the power meter and adapter. interchange the ends. reinsert betw

een

e)

g)

h)

NOT

Key

ndapter and power meter, and record a second power level, Ps.

Determine the attenuation in dB as 10 x log(Py/P,). Verify that the attenuatior/is”wi

acceptable limits. If not, clean the plugs and adapter A1, or replace TC1, TEG2»and A1
hecessary before continuing. After cleaning or replacement, repeat from step‘a). If ste
s not performed, P, becomes the new reference power level P . in step-h).

bnd adapter, interchange the ends, and repeat steps a) throughye), obtaining a
reference reading P5 and power readings P, and Py as above, thgn proceed to step g)

pecomes the new reference power level P in step h).

nsert substitution cord TC3 and adapter A2 between A¥ and TC2 as shown in Figure
and record power level Pg.

acceptable limits. If not, clean the plugs and adapters, or replace TC3 and A2 as neces
before continuing. After cleaning or replacement; repeat from step a).

Disconnect TC3 from the adapters, interchange the ends, reinsert, and record power |
‘o
7.

imits. If not, clean the plugs and adapters, or replace TC3 and adapters as necessary be
continuing. After cleaning or replacement, repeat from step a).

. All power measurementsidescribed are taken in linear units (W).

TCA1

LS $NE \‘ Al 7 PM

IEC

LS
TC1
PM

thin
as
p f)

f the plugs of TC1 are of the same type on both ends, disconnect TC1\from the light solirce

new
| Py

J.9

Determine the-less attenuation in dB as 10 x log(P¢/Pg). Verify-oss attenuation is within

pary

bvel

Determine the attenuation in dB as 10x log(P,¢/P7). Verify attenuation is within acceptable

fore

light source

launch cord
power meter

reference power measurement

Figure J.7 — Obtaining reference power level P
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TC1 TC2
LS Z!S/V‘ = \ = \ 5] » PM
A1
IEC
Key
LS light source TC2 test cord
TC1 launch cord PM power meter
A1 connector set P, test power measurement
Figure J.8 — Obtaining power level P,
TC1 TC3 TC2
LS Z’g/\f = = = g P, PM
A1 A2
IEC
Key
LS light source TC3\v test cord
TC launch cord JPC2 test cord
A1 connector set PM power meter
A2 connector set P test power measurement

Figure.J.9 — Obtaining power level Pg

J.3.p Test cord verification for the three-cord reference test method using pinned-to-

The| procedure is as follows:

a) Dbtain reference power measurement Py with launch cord TC1 as shown in Figure J.1Q.

unpinned or plug-to-socket style connectors

b) |nsert adapters A1, A2, substitution cord TC3, and receive cord TC2 between TC1 [and

bower meter as shown in Figure J.11 and record P,. For plug-to-socket styles, the adapfers
Aresreplaced by sockets.

c) Determine the attenuation in dB as 10 x log(Py/P). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters as

necessary before continuing. After cleaning or replacement, repeat from step a).

d) If the plugs of TC3 are of the same type on both ends, disconnect TC3, interchange the
ends, reinsert, and record power level P,. If the plugs are not the same type, skip step e).

e) Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters as

necessary before continuing. After cleaning or replacement, repeat from step a).

NOTE 1 The limits in steps c) and e) for this case are normally set to two times the acceptable limit of a single

interface.
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Steps f), g) and h) are recommended but optional. If steps f), g) and h) are not performed, then
TC1 and TC2 shall be used only in their tested orientation. More precisely, performing steps f)
and g) allows TC2 to be used in either orientation; performing step h) allows TC1 to be used in
either orientation.

f) In configurations that permit, disconnect TC2 from the power meter and adapter,
interchange the ends, reinsert between adapter and power meter, and record a power level,
Ps.

g) Determine the attenuation in dB as 10 x log(Py/P3). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC2, TC3 and adapter A2 as

f the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light SO]A

h)
bnd adapter, interchange the ends, and repeat steps a) through e).
NOTE 2 All power measurements described are taken in linear units (W).
TCA1
LS Zﬁ/\f IE \‘ Al 7 PN
IEC
Key
LS light source
TC1 launch cord
PM power meter
P, reference power measurement
Figure J.10 — Obtaining reference power level P,
TC1 TC3 TC2
LS ZS/‘f E \ 5, \ o \ b r PM
A1 A2
IEC

Key

LS light souree TC3 test cord

TC laudRCh cord TC2 test cord

A1 ¢onhnector set PM power meter

A2 connector set 7, Test power measurement

Figure J.11 — Obtaining power level P,

rce
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AnnexJAnnex K
(informative)

Spectral attenuation measurement

Applicability of test method

The spectral attenuation of installed cabling is a measure of the attenuation of the cabling as a
function of wavelength over a broad wavelength range. Whereas the measurements described

in A
1 31
me3d
1 64
1 64

The
in G
the
ther
sign
kno

Itis
for
quit

This
for

K.2

K.2
The

range of interest. This—hay can be achieved by using one or more high powered LE

Alte
can

The
takd

The

nnex A through Annex D are typically performed at a few discrete wavelengths (

surement-may can cover a wide wavelength range (e.g. the S, C and L bands (1450 n
5 nm) or the full wavelength range covering the O, E, S, C and L bands from, 1260 n
5 nm).

se measurements are useful when extended wavelength operation-may-be is required
WDM or DWDM systems for example), or if it is required to identify-the category of fibr
installed cabling (i.e. whether it is a category with or without a Water peak). In particy
e are wavelength ranges where the-less attenuation of installed cabling—may can
ificantly such as around the water peak centred in the E-bandat 1 383 nm. It is usefy
v the height and width of this peak.

possible to carry out attenuation measurements at a large number of discrete waveleng
bxample using a tuneable laser source, but usually the range of wavelengths covere
e small, and the principles of Annex A through Annex D-may can be applied.

annex focuses on the use of a broad band light source and an optical spectrum anal
carrying out this measurement.

Apparatus

1 Broadband light source

rnatively, or in addition, the amplified spontaneous emissions (ASE) of a fibre amplifier-
be used, for example to cover the C-band.

n of the power in the input spectrum.

emissions of the light source shall be stable for the duration of the measurement.

.g.

0 nm and 1550 nm plus 1625 nm for long distance systems), a spectral attenuation

to
to

(as
e in
lar,
ary
| to

ths,
d is

ser

broadband light source shall have sufficient spectral power density to cover the wavelength

Ds.
Ray

re is no requirement for uniform spectral power density as a reference measurement will be

K.2.2 Optical spectrum analyser

The optical spectrum analyser shall be capable of measuring power as a function of wavelength
across the wavelength range of interest and shall be capable of storing and processing these
wavelength scans.
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Procedure

1 Reference scan

number of test cords depending upon the cabling configuration (see 4.2).

Turn on the broadband source and allow sufficient time for the output to stabilize.

IEC 61280-4-2:2024 RLV © IEC 2024

Connect the broadband source directly to the optical spectrum analyser with the appropriate

Take a reference scan of the power in the input spectrum across the wavelength range of

interest and record this power, in units of dB or dBm, as a function of wavelength: P (4).

K.3

K.4

The
sub

The
of i
Figt
atte

2

Connect the broadband source and associated test cord to one end of the cabling ur
est, connect the optical spectrum analyser with an appropriate test cord to the other en
he cabling under test.

Measurement scan

Turn on the broadband source and allow sufficient time for the output to stabilize.

Take a measurement scan of the power in the output spectrum across the wavelength ra|
pf interest and record this power, in units of dB or dBm, as a_function of wavelen

Dmeas (i)
Calculations

spectral attenuation of the cabling under test, L(4)y>expressed in dB, is obtained
racting the measured scan from the reference scafy as shown in Formula (K.1):

—L(ANAB) e (A)(ABM) = Byeqs (ANdBm)

L(i) = Pret (i) — Preas (i)

result of such a measuremeéent-may can be presented in a table for particular wavelen
nterest (e.g. the-CWDM WDM wavelengths defined by ITU-T) or graphically as show
re K.1, which clearly-shows very high-less attenuation at the water peak and a low-
huation region in the'C and L bands (1 530 nm to 1 625 nm).

A

- 50

Attenuation profile

der
d of

nge
gth:
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gths

nin
loss

- 30

- 20

1 3|00 1400
L L L | s

IEC

Figure K.1 — Result of spectral attenuation measurement
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 4-2: Installed cabling plant —
Single-mode attenuation and optical return loss measurements

FOREWORD

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

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate internat|onal

-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC "Rublication(s)”). Their

reparation is entrusted to technical committees; any IEC National Committee interested«in the subject dealtjwith

ay participate in this preparatory work. International, governmental and non-governmeéntal organizations liajsing

ith the IEC also participate in this preparation. IEC collaborates closely with thé International Organizatioh for
tandardization (ISO) in accordance with conditions determined by agreement, between the two organizatiops.

2) The formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat|onal
donsensus of opinion on the relevant subjects since each technical ¢ommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are madeto ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
misinterpretation by any end user.

4) Ip order to promote international uniformity, IEC Natignal’ Committees undertake to apply IEC Publicafions

|
tfansparently to the maximum extent possible in their national and regional publications. Any divergence between
gny IEC Publication and the corresponding national ,or regional publication shall be clearly indicated in the Iatter.

5) IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confofmity
gdssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fol any

6) All users should ensure that they have thelatest edition of this publication.

7) No liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and
embers of its technical committees-and IEC National Committees for any personal injury, property damage or
dther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)| and

gxpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other|IEC

8) Attention is drawn to theé-Normative references cited in this publication. Use of the referenced publicatiops is

indispensable for the ‘cafrect application of this publication.

9) IEC draws attention”to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereaf"As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
ay be required to implement this document. However, implementers are cautioned that this may not reprgsent
the lateSt-information, which may be obtained from the patent database available at https://patents.iec.ch] IEC
shall not'be held responsible for identifying any or all such patent rights.

c 00U

devices, of IEC technical committee 86: Fibre optics. It is an International Standard.

This third edition cancels and replaces the second edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) addition of the equipment cord method;
b) addition of test limit adjustment related to test cord grades;

c) refinements on measurement uncertainties.
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The text of this International Standard is based on the following documents:

Draft Report on voting

86C/1912/FDIS 86C/1916/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the

above table.

The language used for the development of this International Standard is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@available
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEC

acc

des

Al

communication subsystem test procedures, can be found on the IEC wehsite.

The| committee has decided that the contents of this document witl.remain unchanged until
stahility date indicated on the IEC website under webstore.igc,ch in the data related to

spe

Cribed in greater detail at www.iec.ch/publications.

st of all parts in the IEC 61280 series, published under the general title Fibre @

cific document. At this date, the document will be

reconfirmed,
vithdrawn, or

revised.

d in

are

ptic

the
the

of

that it contains colours which are_considered to be useful for the correct understandi

PORTANT — The "colour inside" logo on the cover page of this document indicat

its contents. Users should therefore print this document using a colour printer.

ng

es
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INTRODUCTION

024

This document is part of a series of IEC standards for measurements of installed fibre optic
cabling plants. This document is applicable for the measurement of installed single-mode fibres.

Cabling design standards such as ISO/IEC 11801-1 provide general requirements for this type
of cabling. These standards support cabling lengths of up to 2 km for commercial premises and
data centres and up to 10 km for industrial premises. ISO/IEC 14763-3, which supports
ISO/IEC 11801-1, normatively references IEC 61280-4-2.

Var
incl
cab

ous recommendations from ITU-T have requirements for longer distance applicati
Iding short haul (40 km), long haul (80 km), and ultra-long haul (160 km). The testin
ing plant for these applications is covered in ITU-T Recommendation G.650.3, which re

to the test methods of this document.

NS,
by of
fers
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1

Thig part of IEC 61280 is applicable to the measurements of attenuation and optical return

of a

sindle-mode optical fibres, connectors, adapters, splices, and other passive devices.

cab
and

Thig document is applicable to all single-mode fibre types including those designated

IEC

Thel| principles of this document can be applied to cabling plants ‘€ontaining branching dev

(spl

comnfponents are deployed, such as WDM, CWDM and DWDM-\devices.

Thig document is not intended to apply to cabling plants that include active devices such
fibr¢ amplifiers or dynamic channel equalizers.

2

FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 4-2: Installed cabling plant —
Single-mode attenuation and optical return loss measurements

Scope

h installed optical fibre cabling plant using single-mode fibre. This cabling plant can-incl

ing can be installed in a variety of environments including residential, commercial, indus
data centre premises, as well as outside plant environments.

60793-2-50 as Class B fibres.

tters) and at specific wavelength ranges in situations where/passive wavelength seleg

Normative references

oss
ude
The
trial

by

ces
tive

as

The|following documents are referred to.ih‘the text in such a way that some or all of their congent

con
For

amgndments) applies.

IEC|60825-2, Safety of laser)products — Part 2: Safety of optical fibre communication syst
(OACSs)
IEC|61300-3-35, Fibre optic interconnecting devices and passive components — Basic test

megsurement procedures — Part 3-35: Examinations and measurements — Visual inspectio
fibrg optic cofnectors and fibre-stub transceivers

IEC

IEC

stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including

61315; Calibration of fibre-optic power meters

ies.
any

and
n of

61746-1:2009, Calibration of optical time-domain reflectometers (OTDR) — Part 1. O

for single-mode fibres

DR

IEC TR 62627-01, Fibre optic interconnecting devices and passive components — Part 01: Fibre
optic connector cleaning methods
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Terms, definitions, graphical symbols and abbreviated terms

Terms and definitions

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

024

ISO and IEC maintain terminology databases for use in standardization at the following

add

resses.

IEC Electropedia: available at https://www.electropedia.org/

3.1

N

SO Online browsing platform: available at https://www.iso.org/obp

adapter

dev

3.1.
att
red

ce that enables interconnection between terminated optical fibre cables
2

nuation
ction of optical power induced through a medium like cabling givenyas 4:

A4 =10 xlogqqg (Pin/Pout)

whdre

P, and Py, are the power, typically measured in mW, into and out of the cabling

Notel 1 to entry: Attenuation is expressed in dB.

Note|2 to entry: Alternatively, attenuation can be expressed as 4 = -10 x log,, (P,,/P;,)- Both formulag
mathematically equivalent, resulting in positive decibehvalues.

3.1

bi-directional measurement

two|measurements of the same optical fibre made by launching light into opposite ends of
fibre

3.1.
configuration

are

that

b of

form or arrangement-of\parts or elements such as terminations, connections, and splices
3.1

connector

conponent'normally attached to an optical cable or piece of apparatus, for the purpos
proyiding frequent optical interconnection/disconnection of optical fibres or cables
[SOUREEAEC TR 619311998 2-6-+modifred="TFhewords-inbrackets(opticah(fibre)
been omitted from the term.]

3.1.6

light source and power meter
LSPM

test system consisting of a light source (LS), power meter (PM) and associated test cords used
to measure the attenuation of an installed cabling plant

ave
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https://www.iso.org/obp
https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

IEC

3.1.

61280-4-2:2024 © |IEC 2024 -13 -

7

optical return loss
ORL

RoRrL
ratio of the input power, P;,, of the cabling under test to the backward power, P, reflected by

the

cabling under test:

RogrL = 10 x log4o(Pin/Py)

Note 1 to entry: Optical return loss is a positive number.

Notel 2 to entry: Optical return loss is expressed in dB.

3.18

optical time domain reflectometer

OTDR

test|system consisting of an optical time-domain reflectometer and associatgd test cords, u
to characterize and measure the attenuation and optical return loss of an installed cabling p
and|specific elements within that cabling plant

3.1.9

plug

freg connector

malg part of a connector

[SOURCE: IEC TR 61931:1998, 2.6.2]

3.1/10

refgrence-grade termination

conpector plug with tightened tolerances.t&rminated onto a single-mode optical fibre
tighfened tolerances such that the expected attenuation of a connection formed by mating
such assemblies is lower and more repeatable than a standard-grade termination

Notel 1 to entry: An adapter, required te ‘ensure this performance, can be considered to be part of the referg
gradp termination where required by the test configuration.

Notel2 to entry: IEC 61755-2-4for non-angled (PC) and IEC 61755-2-5 for angled (APC) cylindrical fe
connectors define reference-grade-terminations. These standards can be referenced for further information.
3.1./11

refgrence test method

RTV

test| method formeasuring a given characteristic strictly according to the definition of

cha
use

racteristic) ‘and giving results which are accurate, reproducible, and relatable to prac

[SO

have been omitted from the term.]

sed
lant

with
two

nce-

rrule

this
ical

s)”,
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3.1.12
reflectance
R

comp
for a discrete component in the cabling, ratio of the backward power, P, reflected by the

component, to the input power, P;,, into the component:

Rcomp =10 % |Og10(Pr/Pm)

Note 1 to entry: Reflectance is a negative number.

Not

- " ents
and {s expressed as R = —10 x log, (P, / P,

n)» Which is a positive number.

Notel 3 to entry: Reflectance is expressed in dB.
3.1.43
retyrn loss test set

test|system consisting of a light source (LS) and internal power meter (RM), directional coupler
and| additional external power meter and associated test cords used-to measure the optical

conhector for which the adapter, including any alignment device, is integrated with [and
permanently attached to the connector plug on one side of the connection

Notel 1 to entry: Examples include the SG connector (see lEC 61754-19) and many harsh environment connedtors.

3.1/15

tes{ cord
terminated optical fibre cord used to connect the optical source or detector to the cabling qr to
proyide suitable interfaces to the cabling under test

Notel 1 to entry: There are five types of ‘test cords:

hunch cord: used to connect the light source to the cabling;

— rgceive cord: used to connectithe cabling to the power meter (LSPM only);

—

il cord: attached to the far end of the cabling when an OTDR is used at the near end. This provides a meahs of
valuating attenuation-and optical return loss of the whole of the cabling including the far end connection;

[0)

— gdapter cord: used fo fransition between sockets or other incompatible connectors in a required test configurdtion;

— slubstitution cord:\a test cord used within a reference measurement which is replaced during the measuremgnt of
he attenuatign-of the cabling under test.

—

3.2| Graphical symbols

Thel| graphical symbols shown in Figure 1 for different connection options are as givepn in
IEC TR 6T930:T998, except for the angled connector pair shown In Figure 1 gJ.
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a

\ C\—|
_ < — :LT

b) Connector set
(plug, adapter, plug)

LS $~' P, PM

a) Socket and plug assembly

IEC IEC
c) Light source d) Power'meter
IEC IEC
e) Generic connection f) Pinned-to-unpinned connection
IEC

dg) Angled connector pair

Key

a socket

b plug

c plug-adapter assembly

d plug inserted into _plug-adapter assembly

LS light source
PM power meter

P, measured power level

Figure 1 — Connector symbols

NOTE 1 In Figure 1 b) and elsewhere in this document, the plugs are shown with different sizes to indicate
directionality where the cabling has adapters pre-attached, and the test cord does not, or vice versa. In Figure 1 b),
the plug on the left has the adapter pre-attached.

NOTE 2 Where used in all figures in this document, including those in the annexes, reference-grade terminations
and adapters are shaded with grey.

NOTE 3 A simplified two-block connection used in Annex E and Annex | is shown in Figure 1 e).

NOTE 4 A simplified connection for pinned-to-unpinned and socketed connections used in Annex J is shown in
Figure 1 f).

NOTE 5 An angled connector pair used in Figure 8, Annex F, and Annex G is shown in Figure 1 g).
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In the figures that illustrate the measurement configurations in Annex A through Annex E, the
cabling under test is illustrated by a loop, as shown in Figure 2. Although illustrated as a loop
of fibre, it can contain additional splices and connectors in addition to the terminal connectors.
Note that for purposes of measuring the attenuation of this cabling, the attenuations associated
with the terminal connectors are considered separately from the cabling itself.

;'/"- —-\\
= N =

NOTE The cabling is shown with adapters pre-attached, and the plugs going inton\them are associated |with
reference-grade test cord plugs.

Figure 2 — Symbol for cabling under test

3.3 Abbreviated terms

AP( angled physical contact (description of connector style)
ASH amplified spontaneous emissions

ATM alternative test method

Cw continuous wave

CwpMm coarse wavelength division multiplexing
DWPM  dense wavelength division multiplexing
FTTH fibre to the home

LELD light emitting diode
LS light source
LSA least squares approximation

OCWR optical continuous wave reflectometer

PC physical.contact (description of connector style that is not angled)
PM power.meter
WDM wayelength division multiplexing

4 |Measurement methods

4.1 General
411 Document structure

General requirements for apparatus, procedures, and calculations common to all methods are
given in the main text of this document. Requirements that are specific to each method are
documented in Annex A through Annex G. Procedures for connector end face cleaning and
inspection are described in 6.9 and 7.2.
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2 Attenuation

Five attenuation measurement methods are described in this document. The five measurement

met

hods use test cords to interface with the cabling plant and are designated as follows:

1) one-cord reference method (see Annex A);

2) three-cord reference method (see Annex B);

3) two-cord reference method (see Annex C);

4) equipment cord method (see Annex D);

5)

The
and

pptical-time-demain+eflectometer{(OFBDR)method{see-Anrnrext)-

output power levels of the cabling under test to determine the attenuation. The n|

fungtional difference between these methods is the way the input power level, known as
reference power level, is measured and, hence, the inclusion or exclusion of the attenuat

ass

bciated with the connections to the cabling under test, and the associated.uncertaintig

thege connections. The process of measuring the input power level is commonly referred t
"taking the reference power level."

The

use of the term "reference" in the description of the test methods refers to the proces

meagasuring the input power, not the status of the test.

The
con

one-cord reference method produces results that include the attenuation associated
hections at both ends of the cabling under test. The three-cord reference method produ

results that attempt to exclude the attenuation of theconnections of both ends of the cab

und
atte

pr test. The two-cord reference method notmally produces results that include
huation associated with one of the connectidns of the cabling under test. The equip

cord method includes the attenuation associated”with the connections between the equip
cords and the fixed cabling, but excludes thé&lattenuation associated with the connectors

will

NOT

be connected into the equipment (i.e. transmission system).

F  The maximum cabling attenuation specified for a transmission system (e.g. through an optical power by

or channel insertion loss) normally excludes the connections made to the transmission equipment. It is ther

appr
to th

In t

bpriate to use the three-cord reference method where the cabling under test is intended to be connected dir|
P transmission equipment.

first four methods use an optical light source and power meter (LSPM) to measure ipput

hain
the
ons
s of
D as

with
ces
ling
the
ent
ent
that

dget
efore
ectly

ne OTDR method, shortdight pulses are injected into the cabling, and the backscatte

alsq allows the determination of the attenuation values of individual cabling components. It

not
and
met
the
ana

Gui

power is measured as a‘function of propagation time delay or length along the fibre. This meﬂhod

require a separate reference measurement to be completed. Requirements for the la
tail cords areidefined in Annex E. In addition to commissioning new cabling plant, the O
hod is usefulfor optical fibre cabling testing during troubleshooting and maintenance, s
cabling(plant can be characterized by a detailed mapping (the OTDR trace) that car
Jysedto*highlight any changes.

red

oes
nch
'DR
nce

be

Hance on each attenuation measurement method is prn\/ir’lnd inAnnex A fhrnllgh Anne

An overview of the uncertainties for each measurement method is given in Clause 5.

4.1.

3 Optical return loss

This document also defines two types of test methods that can be used for measuring the optical
return loss of installed cabling:

a) OTDR based method;

b) continuous wave method using a return loss test set.

The OTDR method allows the optical return loss of the entire cabling to be measured as well
as the reflectance of individual discrete components or the optical return loss of specific
sections of the cabling. The measurement can be carried out in one step from each end of the

cab

ling under test. This method is described in detail in Clause E.5.
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The continuous wave method described in Annex F directly measures the forward power into
the cabling under test as an initial measurement step and then compares this with the reflected
power measured back through a directional coupler. Additional reference or calibration
measurements are required to quantify the attenuation through the directional coupler and to

can

cel out any internal reflections in the measurement apparatus.

The continuous wave test method described in Annex G calculates the forward power level and
the reflected power in a similar way to the method described in Annex F. An additional reference
measurement of a known reflectance termination is required to implement this method.

4.2
4.2,

Thig document assumes that the installed cabling takes one of the four forms shewn in Tabl

Cabli & . Faonticab rod

1 Cabling configurations and applicable test methods for attenuation
measurements

e 1.

If thHe cabling is terminated with an adapter, the test cord shall be terminated.with a plug fand
viceg versa.
Table 1 — Cabling configurations
Configuration Description End-connections attenuation included
A Adapters attached to plugs or sockets attached to e
both ends of the cabling
Plugs on both ends None
Mixed, where one end of the cabling is terminated
with an adapter and the other end is terminated One (terminated with an adapter)
with a plug
D Plugs on both ends utilizing equipment cords None
The| variations in test method usedto’ measure the cabling are dependent on the calfling
configuration. For example, a common cabling configuration is that of having adapterg or
sockets on both ends of the cahling (e.g. within patch panels) awaiting connection to fibre gptic
tranfsmitter or receiver equipmeént with an equipment cord. This corresponds to configuratioh A.
In this case, the one-cord réference method is used to include the attenuations associated with

both

end connectors of the cabling as illustrated in Figure 3.
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TC1 TC2
- Z’S"/E \ =5 = \ 5 P PM
1 Cc 2
Start of measured End of measured
attenuation attenuation
EC

Key
LS light source
TC1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, measured power level
NOTE Figure 3 is an example of cabling in configuration A with test cords’ 1C1 and TC2 attached, illustrating the
start|land end points of the measured attenuations when the reference test method is used (the one-cord refergnce
metHod as detailed in Annex A).

Figure 3 — Configuration A — Start and end.of)measured attenuations in RTM

Angther example is a cabling configuration where ruggedized pigtails have been spliced ¢nto
the ends of the main cable, and the connectors on the pigtails are to be directly connected |into
the [fibre optic transmitter or receiver equipment. This corresponds to configuration B, whigh is
illugtrated in Figure 4. In this case, a.three-cord reference method is used to exclude|the
attenuations of the end plug connections. Figure 4 illustrates the start and end points of|the
megasured attenuations when the_reference test method is used (the three-cord reference
method as detailed in Annex B).
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E\ 5=

1

Start of measured
attenuation

End of measured
attenuation

PM

Key
LS
TC1

TC2
PM
1,2

NOT]
attad

Figu
the
(the

light source

launch cord

receive cord
power meter

connector sets

cabling under test

measured power level

TC1

LS Z‘S"’

TC2

FE  The plugs are shown with different sizes to indicate directionality,where the cabling has adapters
hed, and the test cord does not, or vice versa.

Figure 4 — Configuration B — Start and end of\measured attenuations in RTM

pre-

re 5 shows an example of cabling in configuration C with test cords attached, illustrating
start and end points of the measured attentiations when the reference test method is u
two-cord reference method as detailed inZAnnex C).

sed

s

Key
LS

light source

TC1

TC2
PM
1,2

Start of measured
attenuation

5\

=l

PM

End of measured
attenuation

EC

launch cord

cabling under test

receive cord
power meter

connector sets

measured power level

Figure 5 — Configuration C — Start and end of measured attenuations in RTM
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A further example is a cabling configuration in which equipment cords are installed on both
ends of the cabling and are awaiting connection to fibre optic transmitter or receiver equipment.
This corresponds to configuration D, which is illustrated in Figure 6. In this case, the equipment
cord method (or, when this is not practical, the three-cord method) is used to exclude the
attenuation of the end plug connections.

attenuation

Start of measured

Key

LS light source

TC1 launch cord

ECA1 equipment launch cord
C cabling under test

EC2 equipment receive cord
PM power meter

1,2,|3 connector sets

P, measured power level

Thel| specific configuration used in thelattenuation measurement (i.e. A, B, C, or D) defines
test| method (or test methods) that.should be applied, as described in Table 2. The refere
testimethod (RTM) offers the best measurement accuracy. Alternative test methods (ATM)
be galled up in specific circumstances, or by other standards, but are subject to reduy
megsurement accuracy compared with the reference test method. Unless otherwise agr
resolutions of dispute shall employ the appropriate RTM in conjunction with the applic

TCA EC1 EC2
LS Z’S"/E 1 % 1 ; % A P, PM

End of measuted
attenuation

Figure 6 — Configuration D — Start'and end of measured attenuations in RTM

reference-grade terminations and adapters, as described in 6.3, 6.4, 6.5, and 6.10.

Table 2 — Test methods and configurations

FC

the
nce
may
ced
ed,
ble

Configuration RTM ATM
A Annex A (1-cord) Annex B (3-cord)?, Annex C (2-cord),
Annex E (OTDR)
B Annex B (3-cord) Annex E (OTDR)

Annex C (2-cord)

Annex B (3-cord), Annex E (OTDR)

Annex D (equipment cord)

Annex B (3-cord), Annex E (OTDR)

configurations are typically encountered.

NOTE The configurations, RTMs, and annexes are ordered according to the frequency in which different

8  For situations where pinned-to-unpinned or plug-to-socket style connectors are used, such as MTRJ, SG or
another harsh environment connector, where the power meter does not accept the unpinned or plug connector
of the launch cord, the method illustrated in Figure C.3 can be used.

Where information is required about the discrete components installed within the cabling under test, Annex E
is the only one of these test methods that provides this information.
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4.2.2 Cabling configurations and applicable test methods for optical return loss
measurements

Any of the cabling configurations described in 4.2.1 can be measured using any of the three
defined ORL test methods described in Annex E, Annex F, and Annex G.

The OTDR ORL test method described in Clause E.5 requires no separate reference
measurements to be taken and is least likely to be affected by measurement errors. When the
cabling is tested using suitable launch and tail cords, it is easy to define the start and end points
of the ORL measurement as shown in Figure E.5.

The| continuous wave ORL test methods described in Annex F and Annex G offer a way to
megsure ORL. The method described in Annex G is more applicable for field measureménts
bechuse it uses the same light source and power meter. Particular care shall be taken\if a short
(< 1|0 km) length of cable is tested with a PC (non-angled) connector at the far 'end. If |this
conpector is left open, the unwanted reflection from this glass-to-air interface wjilPdominate|the
tota] ORL. Hence the use of a tail cord with PC connection at one end and APC connection at
the |other end, as shown in Figure F.1, helps to suppress the glass-to~dir reflection whilst
proyiding a contribution from a representative reflectance from a connégctor pair at the far jend
of the system.

The| test method of continuous wave (CW) ORL measurement/as described in Annex G, does
not linclude a direct measurement of the forward power going into the system under test, fand
requires reference measurements on known reflectance terminations.

5 |Overview of uncertainties for attenuationymeasurements

5.1 General

The] measurement uncertainties should be determined using the calculations provided in
IEC|TR 61282-14.

Even if a calculation spreadsheet.iS)provided, the full calculation of measurement uncertairties
is relatively complex due to the.large number of considered parameters. Subclauses 5.2 t0[5.8
proyide an alternative to this ealculation.

5.2| Sources of significant uncertainties

For|typical conditions; calculations using IEC TR 61282-14 show that significant sourceg of
uncgrtainties arevlimited to those generated by source instability, measurement method, [and
conpector mating reproducibility.

Other sources of uncertainties, such as source wavelength, measurement resolution, pgwer
meterdinearity, are less significant and do not impact measurements, because the accumulaltion

of uhcertainties-is-a qunr‘lrnfm summation

5.3 Consideration of the power meter

The power meter (PM) should have a detector large enough to capture the entire incident light.
In this way, the attenuation and uncertainty associated with coupling the receive cord to the
power meter is minimal.
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5.4 Consideration of test cord and connector grade
5.4.1 General

The attenuation and reflectance associated with the test cord connections can be different from
the attenuation and reflectance present when the cabling is connected to other cords or
transmission equipment. The use of reference-grade terminations on the test cords reduces this
uncertainty and improves reproducibility of the measurement, but the allocation of acceptable
attenuation is different, as listed in Table H.1.

Test cords can be reference-grade or standard-grade, so that two different measurement
conditions shall be considered. Using reference-grade connectors on test cords redyces
megsurement uncertainty but changes the test limits that should be applied when a pass oi fail
assessment is required, whereas using standard-grade connectors implies a mueh-higher
megsurement uncertainty, which sometimes exceeds the actual attenuation measurement (see
Tabje 3 and Annex H) although no adjustment of test limits is necessary.

Thble 3 — Test limit adjustment and uncertainty related to test cord.connector grade
Tpst cord termination Cabling ar.nd e.qmpment Test limit adjustment Total uncertainty
grade cord termination grade

SM|reference-grade SM standard-grade A lower test limit is Can be estimated using

required for most IEC TR 61282-14 defallt
measurements,including values

the one-testicord

reference method and

OTDR.festing. However,

the 3-test cord reference

method requires a higher

test limit. See Annex H

for more details and

examples.

SM| standard-grade SM standard-grade None Uncertainty values are
higher than the values
estimated using the
IEC TR 61282-14 defalilt
values (see Table 4)

5.4.2 Mode field diameter variation

If thle test interfaces employ fibres with significant differences in mode field diameter, additipnal
attenuation can bé introduced that will affect the measurement accuracy. Optical interface
standards devel@dped for single-mode fibres provide details of the attenuation introduced by
mode field diameter mismatches, see for example IEC 61755-2-1 for non-angled interfaces fand
IEC|61755-2-2 for 8-degree angled interfaces.

5.5 Reflections from other interfaces

When conducting optical return loss measurements, reflections from other interfaces can be a
significant cause of measurement uncertainty, particularly for the continuous wave method. It
is important to configure the cabling under test such that unwanted reflections are suppressed.
For example, when testing a short length of cable, a test cord should be coupled to the far end
of the cabling under test with an angled connector at the remote end of the test cord. Usually,
the connector interface to the return loss test set has an angled connector.

For the OTDR based return loss method, the use of suitably long launch and tail cords helps to
eliminate the effect of unwanted reflections.
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5.6 Optical source
The following sources of uncertainties are relevant to the attenuation measurements:

— wavelength of the light source, because the fibre attenuation can be different at the source
wavelength and at the transmitter wavelength of the cabling system;

— spectral width of the light source, because spectrally wider light sources can measure
different fibre attenuation values than spectrally narrower light sources, whereas optical
sources with overly narrow spectral width can introduce undesired coherent interference
effects.

5.7| Output power reference

For[methods using a light source and power meter (LSPM), one of the main sources of
uncgrtainty is the variable coupling efficiency of the light source to the launch, ¢cord dug¢ to
meghanical tolerances. To minimize this uncertainty, a reference power reading should be miade
whgnever the connection is disturbed by stress on the connector or by disconngection.

For|LSPM methods, a reference measurement shall be made to determine the output power of
the Jaunch cord which will be coupled to the cable or cabling plant undertest. This measurement
shopld be made each time the launch cord is attached to the source; as the coupling can be
slightly different each time it is carried out.

5.8 Bi-directional measurements

For|the LSPM methods of measuring attenuation, the test results from each end of the cabling
sholld be very similar. A good practice for assessing\the validity of the measurement resulis is
to gompare the measurement results from each_end and to make sure that they are withjn a
certpin tolerance (for example 0,5 dB) of eachyother, thus making sure that no additipnal
uncgrtainty is present due to measurement ergors.

5.9| Typical uncertainties for attenuation methods A, B, C, and D

Typjcal uncertainties for attenuation " measurements are shown in Table 4. These values were
caldqulated using IEC TR 61282-14.and assuming the following conditions:

e PM: use of the same photodetector in the power meter for the reference power measurenment
ind attenuation power. measurement; the polarity of the reference measurement is the same
bs the cabling undentest;

e source centroidahwavelength, reference IEC 61280-1-3: 1 310 nm and 1 550 nm + 30 nm,;
e source level:2.~7 dBm (0,2 mW);

e source stability: £0,10 dB (k = 2);

o opptical\fibre: IEC 60793-2-50, B-652 and B-657;

o R2¢eference-grade PC connectors: < 0,2 dB attenuation, reference IEC 61755-2-4;

e repeatability of connection: 0,05 dB.

NOTE At the time of writing, it was expected that the designation "R2" for single-mode reference grade connectors
with 0,2 dB attenuation will be replaced by a new designation "R_; ," in the future Edition 2 of IEC 61755-2-4 and

also referred to as "Rs1-Grade 2" in Edition 3 of ISO/IEC 14763-31.

T Third edition under preparation. Stage at the time of publication: ISO/IEC FDIS 14763-3:2024.
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Table 4 — Uncertainty for given fibre length and attenuation at
1310 nm, 1 550 nm and 1 625 nm

Uncertainty values at 95 % at 1 310 nm

Distance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipment
designation designation cord
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 4,0 FR 0,33 0,39 0,44 0,16
570 %478 6536 642 646 6722
0,0 6,3 LR 0,46 0,50 0,54 0,35
20,0 11,0 S 0,72 0,75 0,78 0,66
40,0 18,0 ER 1,33 1,35 1,36. 1,30
Uncertainty values at 95 %.at 1 550 nm?
Digtance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipmpnt
designation designation cord
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 2,5 FR 0,32 0,38 0,44 0,14
5,0 3,3 0,33 0,38 0,44 0,14
0,0 4,5 LR 0,33 0,39 0,44 0,15
0,0 7,0 I 0,34 0,40 0,45 0,18
40,0 11,0 ER S 0,39 0,44 0,48 0,25
0,0 22,0 ZR L 0,53 0,57 0,60 0,44
1j20,0 33,0 OIF 400ZR U 0,70 0,73 0,76 0,64
Uncertainty values at 95 % at 1 625 nm®
Digtance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipmpnt
designation designation cord
km dB dB dB dB dB
0,0 24,4 ZR 1,75 1,77 1,78 1,73
1[20,0 36,6 OIF 400ZR u 2,61 2,61 2,62 2,59
Uncertainty values at 95 % at 1 625 nm®
15 nm
Digtance | Attenuation IEEE 802.3 ITU span type 1-cord 2-cord 3-cord Equipmpnt
designation designation cord
km dB dB dB dB dB
0,0 24,4 ZR L 0,92 0,94 0,97 0,87
126-8 366 SH—4082R Y 33 435 36 438

When the uncertainty is larger than the measured attenuation, the measured value can be quite meaningless. In
this case, it is good practice to replace the measured value with the value of the uncertainty.

a8 Although IEEE applications do not operate at 1 550 nm at the shorter distances, it is good practice to test
single-mode fibre cabling at two different wavelengths (usually 1 310 nm and 1 550 nm) to identify potential
issues with fibre bends; thus, knowledge of the measurement uncertainty at 1 550 nm is useful.

b Likewise, for longer links it is good practice to measure the attenuation at a second wavelength (e.g. at
1 625 nm), even though most transmission systems do not operate at this wavelength.
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5.10 Typical uncertainty values for single-mode attenuation testing for method E

Typical uncertainties to produce Table 5 values were calculated using IEC 61280-4-3, assuming
the following conditions:

bi-directional measurement, dynamic margin: > 5 dB (see notes in Table 5);

OTDR, linear regression: 100 data points (see notes in Table 5);

source centroidal wavelength, reference IEC 61280-1-3: 1 310 nm and 1 550 nm + 30 nm;
optical fibre: IEC 60793-2-50, B-652 and B-657;
o RZTeference-grade APT connectors: = 0,2 dB attenuation, reference IEC 61755-2-5.

e [epeatability of connection: 0,05 dB.

NOTE At the time of writing, it was expected that the designation "R2" for single-mode reference grade connegtors
with [0,2 dB attenuation will be replaced by a new designation "R_; ," in the future Edition 2 of |[EC|61755-2-§ and

also[referred to as "Rs1-Grade 2" in Edition 3 of ISO/IEC 14763-3.

Taple 5 — Uncertainty for a given fibre length at 1 310 nm and 1 550 hm using an OTDR

Uncertainty values at 95 %

Length 1310 nm 1310 nm 1 550 hm 1 550 nm
attenuation uncertainty attenuation uncertainty
km dB dB dB dB
0,5 3,0 0,44 3,0 0,43
2,0 4,0 0,45 2,5 0,43
5,0 4,8 0,47 3,3 0,43
10,0 6,3 0,55 4,5 0,43
40,0 11,0 1,39 7,0 0,50
80,0 18,0 2,63 11,0 0,61

[he launch and tail cord lengths were setto’500 m for the 0,5 km to 10 km lengths, leading to a length o
linear regression of 250 m (100 points);-thé associated attenuation allows sufficient dynamic margin for thesq
wo cases at 10 dB.

For 40 km, the linear regressionength was 500 m and 100 points, using 1 000 m long launch and tail cords
However, the dynamic margif was reduced to 5 dB.

[he attenuation uncertainties for 40 km and 80 km lengths at 1 310 nm wavelength are impacted by thg
ncertainty of the source'wavelength (assumed to be 30 nm). Reducing this uncertainty from 30 nm to 20 nnj
vould reduce the 1310 nm attenuation uncertainties to 1,00 dB and 1,80 dB respectively.

6 |Apparatus

6.1 L ~General

Apparatus requirements that are specific to particular methods are found in Annex A through
Annex E. Some of the requirements common to the LSPM methods are described in 6.2 to 6.10.

6.2 Light source
6.2.1 Stability

The performance of the light source is evaluated at the output of the launch cord. This is
achieved by transmitting the output of a suitable radiation source, usually a laser, into the
launch cord. The source shall be stable in position, wavelength, and power over the duration of
the entire measurement procedure.
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It is recommended that the stability of the source be verified by repeating the reference
measurement at the end of the measurement procedure. It should remain within a certain
tolerance of the initial reference value. Power stability should be +0,10 dB or lower.

6.2.2 Spectral characteristics

The wavelengths used for the attenuation measurement should be representative of the
wavelengths at which transmission systems will operate over the fibre. For premises cabling
and many other applications, this measurement is carried out at nominal wavelengths of
1310 nm and 1 550 nm.

If oiher wavelengths are to be used for transmission, additional test wavelengths can alsg be
reqlired. For example, if DWDM applications using the L-band (1 565 nm to 1 625 nm).arg to
be Wsed, then testing at 1 625 nm is recommended as well; if a passive optical \network for
FTTH is being tested, then 1 490 nm testing can be required.

If thie cabling under test is used for CWDM systems that cover an extended‘wavelength range,
then either the cabling should be tested at each wavelength individually; or alternatively, a
spettral attenuation measurement may be taken to cover the entirte)wavelength range of
intefest, using a suitable broadband light source and an optical specétrum analyser in placg of
the Jight source and power meter. See Annex K for further information.

It isjrecommended that OTDR testing be carried out on singlesmode cabling using at least|two
wavelengths. This allows attenuation due to fibre bending. to be identified by comparing|the
traces at the two wavelengths. See 1.4.2 for further information on bending attenuation
megsurement. Often the wavelengths used are nominally 1 310 nm and 1 550 nm for shqrter
roufes (< 40 km) or 1 550 nm and 1 625 nm for longer routes. Measurements at a wavelength
of 1650 nm, which is sometimes used for maintenance channels, are also very effectivg for
detgcting the presence of bends.

If the cabling under test includes wavelength selective elements, such as WDM, DWDM or
CWDPM devices, and optical filters, for.€xample, then the spectral width of the light source ghall
be gompatible with that of the transmission bands of these elements; this can require light
soufces with a very narrow spectral width. Alternatively, the spectral response of the sysftem
may| be evaluated using a broadband light source and optical spectrum analyser, using|the
pro¢edure described in Annex K.

For|LSPM measurements, the spectral width of the single-mode light source shall meet|the
requirements of Table 6 when measured in accordance with IEC 61280-1-3.

Table 6 — Spectral requirements

Centroidal wavelength Spectral width range

nm nm

7 f;blvo) -_ 5 (I\IVIS\’ fUI :GOUI d;UdU
< 40 (RMS) for edge emitting LED
1 550 £ 30 (on B-652 and B-657 fibres) < 5 (RMS) for laser diode

< 40 (RMS) for edge emitting LED

L RGLD PN = WA Y~
oM o~oozant ooy
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6.3 Launch cord

Except for the OTDR method, the launch cord shall be 2 m to 10 m in length. See Annex E for
the length of the OTDR launch cord.

The connector or adapter terminating the launch cord shall be compatible (e.g. end face type)
with the cabling, and the termination should be of reference-grade to minimize the uncertainty
of measurement results.

The optical fibre within the launch cord shall have the same nominal core size as the optical

fibrn within tha cohlina yindar tact
vttt e g ot e —te ot

Thelsingle-mode optical fibres supported by this document and used in the single-madeMaunch
cord are defined in IEC 60793-2-50 as B-652 and B-657.

6.4 Receive or tail cords

Thel optical fibre within the receive or tail cords shall have the same nominal core size as|the
optical fibre within the cabling under test.

Thelreceive cord shall be at least 2 m long, but it should not be s6long that the attenuation of
the fibre has a significant effect on the measurement (e.g. less.than 10 m).

The| connector or adapter terminating the receive or tail’cords shall be compatible with|the
cabling, and the termination should be of referencé<grade to minimize the uncertainty of
megsurement results.

The|termination of a receive cord at the connection to the power meter shall be compatible with
that| of the power meter.

When unidirectional testing is carried .out; the remote end of the tail cord used for OTDR tesiting
doep not require reference-grade termination. When bi-directional OTDR testing is carried put,
the fail cord becomes the launch cord (see Annex I) and shall comply with 6.3.

6.5 Substitution cord

The|optical fibre within_the substitution cord shall have the same nominal core size as the opfical
fibrg¢ within the cabling,under test.

The| substitution.cord shall be at least 2 m long but not so long that the attenuation of the fjbre
has|a significant effect on the measurement (e.g. less than 10 m).

The| connectors or adapters terminating the substitution cord shall be compatible with|the
cabling,7and the terminations should be of reference-grade to minimize the uncertainty of
megasurerment results.

6.6 Power meter — LSPM methods only

The power meter shall be capable of measuring the required range of power levels at
wavelengths normally associated with the cabling, including considerations on the power
launched into the cabling. The power meter shall meet the calibration requirements of
IEC 61315. The meter shall have a detecting surface of sufficient size to capture all the power
coming from the fibre that is put into it. If a pigtail is used, the pigtail fibre shall be sufficiently
large to capture all the power coming from the test cord.
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OTDR apparatus

Figure 7 displays a schematic diagram of the typical OTDR apparatus shown with a simple
attachment point. The OTDR shall meet the calibration requirements of IEC 61746-1. Annex E
provides more detailed requirements for the length of the launch cord and other aspects related
to the OTDR measurement.

Key
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pulse generator

laser diode

optical splitter

front panel connector
avalanche photo diode
amplifier and converter
signal processor

control and display

Figure 7 — TypicallOTDR schematic diagram

Return loss test set

turn loss test set typically comprises one or more stabilized laser sources. As illustrate
re 8, the output from the.source passes through a directional coupler to the output po
RLTS that should be fittedwith a low reflectance connection. Its reflectance should be 10
er than the ORL of the-cabling under test; an angled connector interface can usually ach
The other leg of the directional coupler directs reflected light back to the internal pg
er (Pp,q in Figure(8). A second power meter (P, in Figure 8 a)) with an external conne

[face is often,also fitted to measure the power level that is input to the cabling under te

rnative (configurations are possible without the second power meter (see Figure 8

pro
refl

ided_that the input power to the cabling under test is calculated from measuring a kn
ctance or a second return loss test set is used to measure the power input to the cab

underiest, provided that the attenuation through the connector interface and the directi

d in
't of

dB
eve
wer
ctor

St.

b)),
bwn
ling
bnal

coupler can be calibrated out.

In a typical measurement configuration as shown, test cords are required to interface to the
cabling under test and to suppress unwanted reflections through the use of angle-polished
connectors.
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Return loss test set Cabling under test

- Test Pin geocesssssessssesseasssesnaassssensassssersesssensensssensey Test
cord1 e : : cord 2
Angled :Connector Connector: Angled
Power connector Py pair pair connector
meter 1 pair : :
I [ Fover 1 eenemeaesieemes
\
P,
m2 IEC
a) With internal second power meter
Return loss test set Cabling under test
- Test Pin :......................................................: Test
Light cord1 ... g - gofd 2
( sougrces > : I =N
Angled < : Connector Connector : Angljd
connector P, I pair pair (: connedtor
( pair C
\
EC

b) Without internal second poweér meter

Figure 8 — lllustration of return loss test set

6.9| Connector end-face cleaning and inspection equipment

Cleaning equipment (including apparatus, materials, and substances) and the methods tq be
usefd for cleaning shall be in accordance with IEC TR 62627-01. Connector suppliers’
instfuctions shall be consulted where\doubt exists as to the suitability of particular equipnpent
and|cleaning methods.

A miicroscope compatible with./EC 61300-3-35, low resolution method, is required to verify that
the ffibre and connector end*faces of the test cords are clean and free of damage. Microscopes
with adapters that are.compatible with the connectors used are required.

The|luse of a video 'microscope is recommended to avoid any risk associated with direct viewing
of ehergized fibre 'end faces.

6.1

Wheredappropriate, adapters shall be compatible with the connector style being used and ghall
allow the required periformance of reierence-grade terminations 10 De achieved. Zirconia
(ceramic) sleeves contained within the adapter should be used for cylindrical ferruled
connectors.
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Procedures

General

Procedure requirements specific to particular methods are found in Annex A through Annex G.

LSPM methods require a reference measurement to be taken prior to measuring the cabling.
Equipment should be assessed before commencing testing to ascertain how frequently
reference measurements should be taken. Generally, a new measurement reference should be
taken before the equipment has drifted more than 0,1 dB (see stability in 6.2.1). The test

env

Allo
recq

7.2
7.2,

Con
con

reqyirements of the relevant table in IEC 61300-3-35. If contamination is seen, the conne

end

NOT]
fibre

When the test cords are not in use, they should belprotected from accidental damage by cap

the
min

Ver
befd

7.2,

The
be

For

requiired by the.est method used (see Annex F and Annex G for more details).

7.2.
Con
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w sufficient time for light source stabilization in accordance with the manudfactur
mmendations.

Common procedures
1 Care of the test cords

nectors on test cords shall be inspected using the procedurgs| of IEC 61300-3-35.
hector end faces shall be free of contamination (e.g. dust @nd dirt) and shall meet

faces shall be cleaned using the equipment and methodS§/described in 6.9.

E The requirement of connector end face quality depends upoh, either the connector specification or the of
communication system performance requirements, or both.

connector ends and storing the cords intink-free coils of a diameter greater than
mum bending diameter.

fy the optical performance of all test-Cords to be used following the procedures in Ann
re any testing commences.

2 Make reference measurements (LSPM and OCWR methods only)

output power from the\launch cord for each test wavelength shall be measured and §
ecorded in an appropriate format.

OCWR measUrements, other reference power levels shall be taken and recorded

3 Inspect and clean the ends of the fibres in the cabling

neetors on installed cabling shall be inspected using the procedures of IEC 61300-3

Th

ers

The
the
ctor

tical

bing
the

hall

as

-35.

y/ shall bhe free from contamination (ag dust and r~|ir+) If _contamination is seen,

the

connector end faces shall be cleaned using the equipment and methods described in 6.9 and
then re-inspected.

NOTE The requirement of connector end face quality depends upon either the connector specification or the optical

fibre

communication system performance requirements, or both.
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7.2.4 Make the measurements

As defined in Annex A through Annex G, attenuation and ORL measurements are an iterative
process for each fibre in the cabling including:

e attachment of individual fibres to the launch and receive or tail cords;

e completing the measurement at each wavelength;

e storing or recording the results.

For the LSPM methods, either the power meter and receive cord are moved to the far end of
the cabtmgoraseconmdpower meterandreceive cord mmay beusedatthefarend:

7.2.5 Make the calculations

MakKe the calculations to determine the difference between the reference measurement and|the
test| measurements and record the result together with other information in ‘accordance with
Clalise 9.

7.3 Calibration

Power meters and OTDR equipment shall be calibrated in accordance with IEC 61315 [and
IEC|61746-1, respectively.

The| equipment used shall have a valid calibration certificate in accordance with the applicable
quality system for the period over which the testing is dene.

7.4| Safety

All tests that are performed on optical fibre communication systems, or that use a laser in aftest
set,|shall be carried out following the safety{precautions provided in IEC 60825-2.

—

8 |Calculations

Thel| calculations for each method are given in the respective annexes.

9 |Documentation

9.1 Information-for each test
Thel followingSinformation shall be provided with each test.

a) fest precedure and method;
b) meéasurement results including
— either attenuation or ORL, or both (in dB)

e OTDR trace(s) (OTDR method only, from both directions when bi-directional
measurements were performed);

— wavelength (in nm);
— fibre type;

— termination location;
— fibre identifier;

— cable identifier;

— date of test.
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9.2 Information to be made available
The following information shall be made available with each test.

e details of the spectral characteristics of the light source;
o reference power level (in dBm) (LSPM methods only);
e calibration records with reference to the test equipment;
o details of the test cords used for the measurements;

— the performance grade of test cord connectors (e.g. reference grade or standard grade),
- the performance grade of the fibre in the test cords (e.g. OSx),

- whether the fibre in the test cords is of the enhanced macrobend performance levet type,
- the length of the test cords.
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Annex A
(normative)

One-cord reference method

Applicability of test method

The one-cord reference method measurement includes the attenuation of both connections to
the cabling under test. It is the RTM for measurement of the installed cabling plant of

con

This
mea

A.2

The
Cla

The
(the
corq
veri
corq

Thig

med
con

Thig

figuration A (see 4.2).

method is written for the case when a single fibre is measured at a time. If bi-directi
surements are required, the procedures are repeated by launching into the other end.

Apparatus

light source, power meter, and test cords used shall meet the~requirements specifie
ise 6.

method described in Annex A is called the "one-cord reférence method" because only

is required for the attenuation measurement. The performance of the test cords shou
fied before testing commences. This is done by egennecting the receive cord to the la
and measuring the attenuation of the connectionvSee Annex J for more information.

surement. This assumes that the connectors used in the cabling are compatible with
hector used in the power meter.

method also assumes the following:

he connector on the powerimeter is compatible with that of the cabling under test to w
he launch cord is connected. Where appropriate, an adapter that introduces no additi

Annex B) may be wsed, provided that the increased measurement inaccuracy of
method is recognized, and appropriately modified test limits are applied.

bnd a test_measurement. If either the design of the test equipment or the design o
cabling under test makes such a disconnection unavoidable, then the alternative me
Annex:B) may be used, provided that the increased measurement inaccuracy of
method is recognized, and appropriately modified test limits are applied.

bnal

d in

one

launch) test cord is used for the reference measurement:>However, a second test (reC}ive)
I

[he launch cord.is not disconnected from the light source between a reference measurer]ent
f

be
nch

method calls for the launch cord to be attached directly to the power meter for the refergnce

the

hich
bnal

measurement uncertainty may be attached to the power meter. The alternative method

that

the
hod
that

A.3

rFrocedure

a) Connect the light source and power meter using the launch cord (TC1) as shown in
Figure A.1.

b)

c)

Record the measured optical power, P4, which is the reference power measurement.

repeating a reference measurement.

d) Connect the power meter to the receive cord (TC2).

e) Connect TC1 and TC2 to the cabling under test as shown in Figure A.2.

Record the measured optical power, P,, which is the test power measurement.

Disconnect the power meter from TC1. Do not disconnect TC1 from the light source without
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TCA1

LS Z‘S"/ E \ Bl P PM

IEC
Key
LS light source
TC1 launch cord
PM power meter
P, reference power measurement
Figure A.1 — One-cord reference measurement
TC1 TC2
- Z!SN'E \ =5 = \ g P PM
1 Cc 2
EC
Key
LS light source
TC1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, test power measurement
NOTE Reference-grade(terminations are shaded.
Figure A.2 — One-cord test measurement
A.4 Calculation
Thel atténuation 4, expressed in dB, is given by
4=10 logyo (Py/ P) (A.1)

where
P, is the reference power in linear units (e.g. in W),

P, is the test power in linear units (e.g. in W).
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A.5 Components of reported attenuation

The attenuating elements are identified in Figure A.1 and Figure A.2. These are the attenuation
of the cabling, 4., and two connection attenuation values, 4, and 4,, all in dB. The reported

attenuation, 4, in dB is given by

A=d4+ Ay + 4 (A.2)

Differences between the result reported by this method and the other LSPM methods |are
desgribed in Annex H (see Table H.2).
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Annex B
(normative)

Three-cord reference method

Applicability of test method

The three-cord reference method attempts to exclude the attenuation of both connections to
the cabling under test. It is the RTM for measurement of the installed cabling plant of

con
may

This
dire
end

B.2

The
Cla
cord
sho
and
Ann

B.3

a)

b)
c)
d)
e)

figuration B (see 4.2) and in certain circumstances, or as directed by external standa
be used in place of the test methods specified in Annex A and Annex C.

method is written for the case when a single fibre is being measured atcavtime. I
ctional measurements are required, the procedures are repeated by launchingjinto the o

Apparatus

ise 6. Three test cords are used. The attenuation values_ofithe connections between th
s are critical to the uncertainty of the measurement.. The performance of the test cq
ild be verified before testing commences. This is dongyby connecting the substitution ¢

ex J for more information.

Procedure

bs shown in Figure B.1.
Connect the substitution cord (T.C3) between TC1 and TC2.
Record the measured optical power, P4, which is the reference power measurement.

Do not disconnect TC1 from the light source without repeating a reference measureme

Replace the substitution cord with the cabling under test (leaving the adapters attache
TC1 and TC2) as-shown in Figure B.2.

Record the measured optical power, P,, which is the test power measurement.

rds,

bi-

ther

light source, power meter and test cords used shall meet the requirements specified in

ese
rds
ord

the receive cord to the launch cord and measuringithe attenuation of the connections. See

Connect the launch cord (TC1) and receive cord (TC2) to the light source and power mgter

nt.
d to

TC1 TC3 TC2

2

LS j&ME\%\E\EA PM

“r

Key
LS
TC1
TC2
TC3
PM
3,4

light source

launch cord

receive cord

substitution cord

power meter

connector sets

reference power measurement

Figure B.1 — Three-cord reference measurement

IEC
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TC1 TC2
LS Z‘S’J E \ = =N, \ Al p, PM
1 Cc 2
IEC
Key
LS light source
TC1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, test power measurement
NOTE Reference-grade terminations are shaded.

B.4

The

B.5

The
valy

The

Figure B.2 — Three-cord test measurement
Calculations

attenuation 4, expressed in dB, is given by

A=1048G10(P1/Py) (

re
is the reference power in linear units (e.g. in W),

is the test power in linear units (e.g. in W).

Components of reported attenuation

es of the cabling, 4., and four connection attenuation values, 44, 45, A5 and 44, all in
reported attenuation, 4, in dB is given by

B.1)

attenuatingielements are identified in Figure B.1 and Figure B.2. These are attenuation

dB.

A=AdgT Ay T A=Az =4y (

A and 4, are the attenuation values of the connections in the reference test set-up and together
include the fibre attenuation of TC3, which should be negligible.

Differences between the result reported by this method and the other LSPM methods are
described in Annex H (see Table H.2).
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Annex C
(normative)

Two-cord reference method

Applicability of test method

Two variants are given for the two-cord reference method. Figure C.2 shows the set-up for the
case where one end is terminated with a plug-adapter assembly and the other is terminated

with
the

Figu
laun
con
inst

Thig

bi-d
oth

C.2

The
Cla

unc
test
med

C.3
a)

b)

c)

d)

a plug. It includes the attenuation of one of the connections to the cabling under test.
RTM for measurement of the installed cabling plant of configuration C (see 4.2).

re C.3 shows the set-up for the case where both ends are socketed or pimned, and

hections to the cabling under test. It is an alternative method for measurement of
blled cabling plant of configuration A (see 4.2).

rectional measurements are required, the procedures are repeated by launching into
r end.

Apparatus

light source, power meter and test cords used shall meet the requirements specifie
ise 6. The attenuation values of the connections between these test cords are critical tg
brtainty of the measurement. The performance of the test cords should be verified be
ng commences. This is done by connecting the receive cord to the launch cord
suring the attenuation of the connection. See Annex J for more information.

Procedure
Connect the launch cord (TC4) and receive cord (TC2) to the light source and power m
ind to each other as shewn’in Figure C.1.
Record the measured ‘optical power, P4, which is the reference power measurement.

vithout repeating a reference measurement.
nsert either
- the.cabling under test as shown in Figure C.2,

- the'adapter cord AC and the cabling under test as shown in Figure C.3.

e)

method is written for the case when a single fibre is being measured at a time.

It is

the

ch cord connector is incompatible with the power meter. It includes the attenuation of both

the

the

d in
the
fore
and

pter

Disconnect TC1 (and TC2 from each other. Do not disconnect TC1 from the light solyrrce

Record the measured optical power, P,, which is the test power measurement.



https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

—-40 - IEC 61280-4-2:2024 © |EC 2024

TC1 TC2
LS Z‘S’J E \ = \ Al P PM
3
IEC
Key
LS light source
TC1 launch cord
TC2 receive cord
PM power meter
3 connector set
1 reference power measurement
Figure C.1 — Two-cord reference measurement
TC1 TC2
LS Z‘SN' E \ = = \ b P, PM
1 C 2
EC
Key
LS light source
TC1 launch cord
C cabling under test
TC2 receive cord
PM power meter
1,2 connector sets
P, test power measurement
Figure'C.2 — Two-cord test measurement
TC1 AC TC2
LS Z'SN'@ \‘E\ = = \ Bl P, PM
4 1 Cc 2
EC
Key
LS light source
TC1 launch cord
C cabling under test
AC adapter cord
TC2 receive cord
PM power meter
1,2, 4 connector sets
P, test power measurement

NOTE Reference-grade terminations are shaded.

Figure C.3 — Two-cord test measurement for plug-to-socket style connectors
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C.4 Calculations

The attenuation 4, expressed in dB, is given by

where

P1 is the reference power in linear units (p g in \I\I)

P, |is the test power in linear units (e.g. in W).

C.5/ Components of reported attenuation

Thel| attenuating elements are identified in Figure C.1, Figure C.2, and Figure C.3. These|are
the pttenuation of the cabling, 4., and up to four connection attenuations, ', 4,, 43 and 44, all

in dB.

For|the case of Figure C.2, the reported attenuation, 4, is given.by:

A:A1+A2+AC—A3 (32)

For|the case of Figure C.3, the reported attenuation, 4, is:

A=A1+A2+AC+A4—A3

—
)
w

~

Differences between the resultireported by this method and the other LSPM methods |are
desfribed in Annex H (see Table H.2).
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Annex D
(normative)

Equipment cord method

Applicability of the test method

024

The equipment cord method directly measures the attenuation of the cabling under test, the
attenuation of equipment cord connections to the cabling under test, and the attenuation of the

optical fibre in one of the equipment cords

equjpment cord connections to the equipment is not included. It is the RTM for the measurée

of ir[stalled cabling plant of configuration D (see 4.2). The equipment cord test methed-is

suit
ope

equjpment cords are short.

D.2

The
call

refe
medg
test]
cord

This
seri

Thig

D.3

a)

b)

Able if both equipment cords are present during testing and are not replaced be
ration. The attenuation of the optical fibre in the equipment cords is négligible if

Apparatus

light source, power meter and all test cords shall be in accordance with Clause 6. Th
bd the equipment cord method because the customer's equipment cord is used in taking

surement. The performance of the test cords and custdmer cords should be verified be
ng commences. This is done by connecting the test] receive, or customer cord to the lau
and measuring the attenuation of the connection.\See Annex J for more information.

method requires that the launch cord and.the customer equipment cord be connecte
s between the light source and the powegs meter for the reference measurement.

method also assumes the following.

he connector on the power meter is compatible with that of the cabling under test
vhich the equipment cord EC*in Figure D.1 is connected. Where appropriate, an ada
hat introduces no additional;measurement uncertainty may be attached to the power mg

and a test measurement.

Procedure

Connect the-light source and power meter using the launch cord (TC1) and equipment ¢
EC1) as_shown in Figure D.1.

Record the measured optical power, P4. This is the reference power measurement.

(EC2 in Figure D.2). The attenuation of |the

ent
bnly
fore
the

s is
the

rence measurement. The second customer (receive) cord,is also used for the attenuation

fore
nch

d in

into

pter
ter.

The launch cord is not dis¢onnected from the light source between a reference measurement

ord

c)

Disconnect the power meter from FC1

measurement.

d) Connect the power meter to the equipment receive cord (EC2).

e) Connect TC1/EC1 and EC2 to the cabling under test as shown in Figure D.2.

f) Record the measured optical power, P,. This is the test power measurement.

Do not disconnect TC1 from the light source without first repeating a reference
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TCA1 EC1
LS Z‘S’JE \ = \ Al P PM
3
IEC
Key
LS light source
TC1 launch cord
ECA1 equipment launch cord
PM power meter
3 connector set
P, reference power measurement
Figure D.1 — Reference measurement
TCA1 EC1 Q EC2
Ls Z‘SN'E \ = \ = = \ P, PM
3 1 Cc 2
FC
Key
LS light source EC1 equipment launch cord
TC launch cord PM power meter
C cabling under test EC2 equipment receive cord
P, test power measurement 1,2,3 connector sets
NOTE Reference-grade terminations are shaded.
Figure D.2 — Test measurement
D.4] Calculation
The| attenuation 4, expressed in dB, is given by:
P [\
A=1U |Og10kt’1 ] 1’2}
where
P, is the reference power in linear units (e.g. in W),

Py

is the test power in linear units (e.g. in W).
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D.5 Components of reported attenuation
The attenuating elements are identified in Figure D.1 and Figure D.2. These are the attenuation

of the cabling, 4., and two connection attenuation values, 4, and 4,, all in dB. The reported
attenuation, 4, is given by:

A=d4+ Ay + 4 (D.2)

NOTE Only the fibre of equipment cord 2 and of the cabling is included in the attenuation measurement, whdreas
the flbre of equipment cord 1 is already included in the reference measurement.

Differences between the result reported by this method and the other LSPM_ methods |are
desfribed in Annex H (see Table H.2).
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Annex E
(normative)

Optical time domain reflectometer

E.1 Applicability of test method

The OTDR method measurement includes the attenuation of both connections to the cabling
under test. It is the ATM for measurement of the installed cabling plant of configurations A, B,
C, and D (see 4.2) and in certain circumstances, or as directed by external standards, it may
be ysed in place of the test methods specified in Annex A, Annex B, Annex C and Annex .

WhrTn bi-directional measurements (see Clause |.6) are specified, the procedures)described in
Annex E are repeated, but from the opposite end of the cabling underotest, without
disqonnecting the launch and tail cords from the cabling under test.

E.2] Apparatus

E.2/1 General

The| OTDR, test cords and adapters are required for making‘atténuation, optical return loss jand
length measurements on the installed cabling. See Figure 7 for a schematic diagram of|the
OTDR equipment.

Theltest set-up requires a launch cord and tail cord. Reflectance associated with the connecfors
of the test cords (launch and tail) as well as the cabling, should be minimized.

Ind¢x matching fluids or gels between the polished end faces of connectors shall not be uged.

The| use of the tail cord allows the attenuation of the remote end connection to be measufed,
so that the attenuation of the entife cabling section can be measured. If no tail cord is used,
then there is no information regarding the remote end connector. In fact, not even continuity of
the [fibre is ensured since there can be a break close to the far end, or the fibres can be
incdrrectly connected somewhere along their length.

E.2)2 OTDR

The|l OTDR shall ' be capable of generating optical pulses of short duration (<20 ns), so thpt it
can|qualify short links, the beginning of a link, or to separately resolve features that are close
together. It'shall also be capable of generating optical pulses of longer duration, so that it|has
suffjcient dynhamic range to produce valid measurement data over the required length of cabling.

Th O RR I Lol _lo 44 i <l <l L adbla A T WAl P lw] Lo L\ £l
VTN STTUUTU TIave dait attCiiuativlt uTau ZUTTCc (Wit A = LU, 9 UD, STT T.£2.J) UT'1ICoo ' 1 an

10 m following standard connectors (IEC 61753-1 Grade 2) with a reflectance of —45 dB.

E.2.3 Test cords

The fibre type and geometrical characteristics of the launch and tail cords shall be the same as
the fibre in the cabling under test. The fibre in the launch and tail cords shall be coated so that
the cladding light is removed. The length of the launch and tail cords both shall be longer than
the dead zone corresponding to the pulse width selected for a particular length of fibre to be
measured. Suppliers of OTDR equipment should recommend lengths for the launch and tail
cords. In addition, these cords shall be long enough to allow a reliable straight line fit of the
backscatter trace that follows the dead zone.
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In the absence of other information, the minimum length of launch and tail cords can be
determined such that their return delay is equal to the OTDR pulse width multiplied by a suitable
factor. Table E.1 gives some typical examples for minimum length of launch and tail cords to
be used for measurements of premises cabling and of outside plant cabling.

Table E.1 — Typical launch and tail cord lengths

Application Typical maximum Example pulse width Typical length of
length of cabling launch and tail cords
under test
km ns m
Prgmises cabling 2 20 100
Oufside plant — Access network 10 100 500
Oufside plant — Core network 80 500 14000
Oufside plant — Ultra long-haul 120 1 000 2 000
netvork
Thel| following requirements apply to the test cords:

E.3

15 mm;

he cords shall be terminated at one end with a connéctor suitable for attachment to
DTDR;

hey shall be terminated at the other end according'to 5.4;

ruggedized fibre test cords should be used innwhich, for example, both ends are prote
by a 3 mm outer jacket with strain relief;

he fibre used in the cord should be protected from environmental changes. This car
pccomplished by enclosing most of the length of the cord in a container or by using
cords that are entirely ruggedized.. Up to 2 m of fibre length of the cord may extend out
he container to connect the OTDR and the cabling under test.

Procedure (test method)

Connect the test cords and the OTDR source as shown in Figure E.1.
Configure the OTBR"using the following rules:

p the shortest.pulse width possible should be selected that allows acquisition of a trac
a reasonable time period and with sufficient signal-to-noise ratio to allow effeg
analysis;

p the-averaging time per trace should be between 10 s and 3 min. Averaging times sha
than 10 s generally provide poor results on longer systems when using narrow pulss

bttenuation due to induced winding loss shall be minimized-by-using bend radii larger than

the

tted

be
test
side

e in
tive

rter
DS

refor to Annex | for o hettor ||ndnref9nding of the OTDR enHinge

Select the appropriate wavelengths.
Record the backscattered traces.

Repeat from the other direction if required.

Bi-directional OTDR testing is recommended on single-mode cabling so that variations in
attenuation measurements that are due to changes in the backscattering characteristics of
different fibres can be cancelled out. Refer to Clauses 1.6 and 1.7 for further information on bi-
directional testing and analysis.

NOTE Figure E.1 shows the set-up for cabling terminated with plug-adapter assemblies. Other arrangements are
equivalent, provided the corresponding reference-grade terminations are used at the same points.
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OTDR Z’S’J E \ £ B \ D
1 Cc 2
IEC
Key
OTD opticattime domair reftectometer
LC launch cord
C cabling under test
TC tail cord
1,2 connector sets
NOTE Reference-grade terminations are shaded.
Figure E.1 — Test measurement for OTDR method

E.4| Calculation of attenuation
E.4)1 General
The| attenuation 4, expressed in dB, is given by

A=Fy=F (E.1)
whdre
F, |is the displayed power level at.the input port of the cabling under test in dB;
F, |is the displayed power.level at the output port of the cabling under test in dB (see

Figure E.3).

NOTE The vertical scale.ofithe OTDR trace displays five times the logarithm of the received power (in linear upits),
plus|a constant offset, whereas the horizontal scale of the OTDR trace displays the distance along the fibre.| The
horigontal scale is calculdted by dividing the measured time delay of the pulse round trip by two and by the spegd of
lightlin the fibre, which is defined by the effective group refractive index of the fibre core.
It is|importantyto properly locate the position of the two connections and to properly define[the
disglayedspower levels, as described in E.4.2 and E.4.3.
E.412 Connection location

The two connections of the cabling under test are located at the inflection points (change of
curvature) in the trace just before the two peaks that represent the two connectors.

Figure E.2 illustrates the location of the connectors on a typical trace.
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IEC
Key
OTDR optical time domain reflectometer
LC launch cord
C cabling under test
TC tail cord
Ly, 4, cabling port locations
L¢ length of cabling under test
F reflected power level
L distance from output port of OTDR launchycord
Figure E.2 — Location of the cabling under test ports
E.4{3 Definition of the power/levels F; and F,
The] displayed power level Fiuat location L4 is defined by the intercept of the linear regres
(LSA) obtained from the linear part of the backscattering power provided by the launch ¢

and

The

(LS
the

Figu

the vertical axis atlocation L,.

displayed power level F, at location L, is defined by the intercept of the linear regres

\) obtained-from the linear part of the backscattering power provided by the tail cord
vertical ‘axis at location L,.

ree.3 illustrates the position of levels F'; and F, on a typical trace.

ion
ord

ion
and

This measurement process is also called five points analysis with LSA. See Annex | for more
details.
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OTDR optical time domain reflectometer
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TC tail cord

cabling under test
Ly, 4, cabling port locations
L¢ length of cabling under test
L distance from output port of OTDR launch cord
F A, displayed power level at L, and L,
F reflected power level
A attenuation of cabling under test

Figure E.8. — Graphic construction of F; and F,

E.4/4 Alternative calculation

A more detailed analysis of the attenuation in the cabling and the connectors can be obtai
by deriving two additional power levels, Fy4, and Fy,, from the OTDR trace, as illustrate

Figyre E.4.

The]displayed power level F,4 at location L, is defined by the intercept of the linear regres
(LSA).obtained from the linear part of the backscattering power provided by the cabling un

ned
din

sion
der

test|and the vertical axis at location L,.

The displayed power level F, at location L, is defined by the intercept of the linear regression
(LSA) obtained from the linear part of the backscattering power provided by the cabling under

test and the vertical axis at location L,.

The attenuation of the near-end connector, 44 (in dB), is then given by

Ay =Fy—Fyq (E.2)
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The attenuation of the far-end connector, 4, (in dB), is given by

Ay = Fp1—F> (E.3)

And the attenuation of the cabling without connectors, 4 (in dB), is given by

whgrein the four power levels, Fy, Fy, F4 and F4, are all expressed in dB.

Combining Formula (E.2), Formula (E.3) and Formula (E.4) leads to Formula,(E’5)

A=A1+AC+A2

—
!II
S

Assuming negligible calculation errors, the attenuation valug 4“obtained from Formula (E.5)|has
the same validity as that obtained from Formula (E.1).

Forjsome OTDRs, the attenuation values 44, 4, and’45 are available in an event table.
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OTDR optical time domain reflectometer
LC launch cord
C cabling under test
TC tail cord
Ly, 4, cabling port locations
L¢ length of cabling under test
L distance from output port of OTDR launch _eord
F A, displayed power level at L, and L,
Fqi4,Foq displayed power level at L, and L, internal side
A attenuation of cabling under té&st
F reflected power level

Figure E.4— Graphic construction of Fy, F4, Fo4 and F,

E.5| Calculation)of optical return loss

The]optical rettrn loss, Rgg,, is the ratio of the input power to the cabling under test to the fotal

power reflected and scattered back by the cabling under test. The recommended
configufation for attenuation and ORL measurements uses a long launch cord and a long
cord;this allows the OTDR time to recover from saturation effects due to unwanted reflecti

test
tail
NS,

so thatthey canm be removed from the ORLC cafcutation, and atfows ORC measurements o be

made on very short sections of cabling under test.

The input power to the cabling under test, P;, is a function of the OTDR laser power and the

attenuation of the launch cord.

The total power returned from the cabling under test, P, is the integral of the reflected and

backscattered power, P(z), as a function of distance z along the cabling under test. This distance
ranges from the input port of the cabling under test, at the end of the OTDR launch cord, up
until the output port of the cabling under test, at the beginning of the OTDR tail cord, and
therefore includes the reflectance of the connections at both ends of the cabling under test.

This is illustrated graphically by the shaded area on the OTDR trace shown in Figure E.5.
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Expressed mathematically the ORL is calculated as follows

RoRL —10X|0910{J-P%Pﬁ] (E.6)

In general, the vertical scale of an OTDR is not calibrated for absolute optical power
measurements. When an OTDR is used for ORL measurements, the backscatter parameter of

the
IEC

The

whe

1

Z2

fbre I the cabliing, K, can effectively Serve as a reference tevet for the verticar scale.
61746-1:2009, Annex G for more details.

refore, ORL can be calculated as follows

RogrL =10xlogqq Plz)

K fP(z)dz

re
is the backscatter parameter (see IEC 61746-1:2009, 9.3);
is the location of the beginning of the integration (see Figure E.5);

is the location of the end of the integration (see Figure E.5).

ee

!II
-
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OTDR optical time domain reflectometer
LC launch cord
C cabling under test
TC tail cord
2 location indicating start of ORL integration
Z, location indicating end of ORL integration
F reflected power level
L distance from output port of OTDR launch cord

Figure E.5 — Graphic representation of OTDR ORL measurement

E.6| Calculation of reflectance for discrete components

The| reflectance of a component is the ratio of the power reflected back by that component to
the [power incident to that'\component. On the OTDR trace, the reflectance is related to|the
height of the peak (H, in\Figure E.6) that represents the amount of light reflected back from that
component, but it is alse a function of the backscatter coefficient of the fibre under test and|the
pulde width used for the measurement.

IEC|61300-3-6/covers the measuring of the related parameter of return loss of componentsq.
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Hy height of peak from far end of tail cord
F reflected power level
L

distance from output port of OTDR launch\cord

Figure E.6 — Graphic representation of reflectance measurement

The| reflectance, R¢,m,, Of @ cabling component under test is calculated from the height of|the
refl¢cted peak (H4 or Hy) in Figure E.6 as follows:

!II
&

H
Rcomp:10X|0910(10/5—1J+10><|Og10(t)+3 (

whdre

is'the height of the peak (/7 or H,) in dB;

B is the Rayleigh backscattering coefficient in dB (for a time base in ns);
t is the pulse width in units of ns.

Typical values for the backscattering coefficient of single-mode fibres (e.g. type B-652.D of
IEC 60793-2-50) are as follows:

B=-80dB at1310 nm; B=-82,5dB at 1 550 nm for a time base in ns

The detector in some OTDRs saturates when the value of H is very large (see peak with height
Hy in Figure E.6), so that the peak exhibits a flat top. It is necessary to use an OTDR with

sufficient dynamic range for accurate reflectance measurements. This type of signal saturation

can be avoided by adding a variable attenuator between the OTDR and the cabling component
under test.
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OTDR uncertainties

The following sources of uncertainties should be considered when reporting the measurement:

Noise level contribution: Errors due to a large amount of Gaussian noise or due to system
noise; noise is always higher when the backscatter level approaches the noise floor on a
logarithmic trace. A large amount of noise on the trace disturbs the linear regressions,
leading to a wrong evaluation of the different displayed power levels. The noise can be
reduced by increasing the averaging time or by increasing the pulse width, and in all cases,

it requires ensuring a dynamic margin of more than 3 dB (recommended = 5 dB). When
slope of the linear regression is available (e.g. in dB/km) excessively low or high slopes

the
are

jenerally associated with an excessive level of noise.

And can even appear as a gain (negative attenuation). The effect is knewn as a gainer.

NOTE The effect of variations in the backscatter coefficient on attenuation measurements can be cancelled o
taking measurements from both ends of the cabling and averaging the values. SeelClauses 1.6 and 1.7 for fu

infor

mation on bi-directional testing and analysis. As mentioned in Clause |.6, fot/total attenuation measuremen

uncdrtainty with unidirectional measurement is determined only by backscatter coefficient mismatch between la

and

Ref
unc

ail cords and is removed by using matched launch and tail cords, regardless of cabling under test.

Strong reflections: Non-linear effects of strong reflections cause attenuation err
bttenuation coefficient errors and dead zone widening:

Centre wavelength of OTDR laser: Fibre attenuation is wavelength dependent and, he
can be different at the OTDR laser wavelengthtand the transmitter wavelengths norm
ised in the cabling under test.

bxcessively wide spectral widths can yield fibre attenuation values that are different
he attenuation seen by the transmitterwavelengths normally used in the cabling under

Cursor location error: Error in either software analyser placement of cursors or ma
bperation of cursors, which can) lead to significant errors when the slopes of the var
ibres are very different.

D
brtainties.

Spectral width of OTDR pulses: Relateddo wavelength dependence of fibre attenuaﬂivon;

Backscatter coefficient: Intrinsic property differences between test cords and cabling’under
est can cause variations in the apparent attenuation of individual connections. For examlple,
when a fibre with a low backscatter coefficient is connected to one with a higher, backscatter
coefficient, the OTDR detector will receive more energy from the fibreCwith the higher
packscatter coefficient. This can be interpreted as a reduction in the apparent attenuaftion

ut by
rther
, the
Lnch

ors,

hce,
ally

om
est.

hual
ous

r to IEC 61280-4-3 \for a comprehensive overview of attenuation measurement
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Annex F
(normative)

Continuous wave optical return loss measurement —
Method A

F.1  Applicability of test method

This_test method is closest to the definition of optical return loss given in 3.1.7. It dir
megsures the input power to the cabling under test as well as the reflected power, althoug
corrlection factor shall be used to take into account the internal attenuation of the branc
dev|ce and other sources of reflections.

OCYWR methods have some limiting factors. Since it cannot spatially resolve different sou
reflections, unwanted reflections have to be suppressed. Moreover, the\Jdynamic rangg is

of
lim

usefl to interface the return loss test set to the first test cord. This can_limit the accuracy of
megdsurement when short cabling systems terminated with angle-polished connectors are bg
megsured.

F.2| Apparatus

F.21 General

adapted from IEC 61300-3-6 for testing installed cabling, and that standard can be referre

for

F.2)2 Light source

Th

A t\FicaI test set for return loss measurements is.shown in Figure F.1. The details have b

ited by the characteristics of the directional coupler used and the reflectance of the conne|

urther information.

Return loss test set Cabling under test
Test T Test

cord1 ... » i : cord 2

Figure F.1 — Return loss test set illustration
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where the output light is avallable from a f|bre plgtall ora flbre connector. A second source may
be used for calibration, as illustrated in Figure F.3. When a second source is used, its central
wavelength and spectral width shall be the same as those of the first source.

The source(s) shall be stable as described in 6.2.1.

F.2.3 Branching device or coupler

The splitting ratio of the coupler shall be stable and be insensitive to polarization (< 0,1 dB
polarization dependence). The directivity should be at least 10 dB higher than the maximum
optical return loss to be measured.
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F.2.4 Power meters

The power meters used consist of an optical detector, the associated electronics, and a means
of connecting to an optical fibre. The connection to the internal power meter will be permanent;
the interface to the external power meter should be equipped with interchangeable adapter caps
that allow the use of connectors compatible with the cabling under test.

The linearity of the detectors in the power meters shall be specified and sufficient for the
dynamic range of the measurements to be undertaken. Since all of the measurements are
differential, however, it is not necessary that the calibration be absolute.

F.2)5 Connector interface

The| connector interface on the return loss test set (RLTS) shall have very low reflection. [The
attenuation of this connection shall be stable, and the magnitude of the reflectance should be
at lgast 10 dB greater than the magnitude of the maximum optical return loss te-be measurned.

NOTE The reflectance of this connector interface can limit the accuracy of this measurement method when the
cabling under test is terminated with angle-polished connectors and there are no othersignificant sources of optical
return loss in the cabling under test.

F.2)6 Low reflection termination

end| of the cabling under test can require termination withtatest cord such that the connector
intefface to the cabling under test is representative of,a‘connection made with an equipnent
conhection cord and the reflection from the remote<end of the test cord is suppresged.
Reflections can be suppressed using an angle-polished connector, an angled cleave, a njon-
refl¢ctive terminator, index matching material or by wrapping the cord tightly around a mandrel
[provided that the fibre in the test cord is not bénding loss insensitive (IEC 60793-2-50 typg B6
or ITU-T Recommendation G.657 types)].

In ofder to suppress unwanted reflections (typically from flat cennectors open to air) the re:E:ote

A similarly low reflection termination is-fequired when calibrating the internal reflections of|the
test| system (see Figure F.3). This tfermination should have a reflectance of at least 20 dB
magnitude greater than the magnitide of the maximum optical return loss to be measured.

F.3| Procedure

F.311 Test set characterization

In drder to perform~an ORL measurement, it is necessary to characterize the measurement
sys{em by measuring its internal attenuations and reflections including the connection between
the [test equipment and test cord 1 to be used for the measurement (Figure F.2). This should
be lepeated-whenever these have been changed, for example after changing test cord 1.

Thelinternal attenuation of the RLTS shall be measured on the return path between the cabling
under test and the internal power meter 1. This includes the attenuation of the connector
interface and the attenuation of the coupler. Using an external source, with similar
characteristics as the internal source, connect the remote end of test cord 1 to the source and
the near end of test cord 1 (angled) to the external power meter, as shown in Figure F.2. Record
the power level on power meter 2 as P q».

NOTE All power measurements described in Clause F.3 are taken in linear units (W).
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Return loss test set

Light
sources

Power
meter 1

Light source
Test

=i 4

IEC

Figure F.2 — Measurement of the system internal attenuation P .,

Next, connect the near end of test cord 1 into the output port of the RLTS, as showhp in
Figdre F.3, and record the power level on power meter 1 as P 4.

Return loss test set

Test Light source

=—<={: 4

Power
meter 1

IEC

Figure F.3 — Measurement of the system internal attenuation P, ¢

Thelratio of these two power levels is the internal attenuation of the system.

Next, the system reflected, power has to be measured. Leaving test cord 1 connected to|the
output port of the RLTSy suppress the reflection coming from the connector at the far engd of
test|cord 1, as shown_in Figure F.4. This is done with a low reflection termination (see F.2.6).
Thel amount of light-reflected internally within the measurement system including the interface
conpector can-iow be measured on power meter 1 as Pq.

Return loss test set

r
f light \

sources

Test

Angled
connector
pair

IEC

Figure F.4 — Measurement of the system reflected power P
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F.3.

The optical return loss is the ratio of the input power to the cabling under test, P

2

Measurement procedure

in» to the power

reflected back from the cabling under test, P.. Therefore, two power levels are required. First,
the power into the cabling under test, P,, is measured directly by connecting the far end of test

n’

cord 1 into power meter 2, as shown in Figure F.5.

Return loss test set

(N ) Test

Hight —

sources

Power
meter 2

IEC

Figure F.5 — Measurement of the input power P;,

Then, test cord 1 is connected into the cabling under test,"and any unwanted reflections from

the
Figu
to ¢

reflgctions of the measurement system.

far end should be suppressed by using a low reflectiontermination (see F.2.5), as shown in
re F.6. The power level on power meter 1 should now be recorded as P, 4 and then used

etermine the reflected power by making allowances for the internal attenuations |and

Return loss test set Cabling under test
~ Test Pln FBeresnssnssannancecnnnesissssssnnannsnnnssssastsssseennny Test
& cord1 e > . - cord 2 =~
Angled o :Connector Connector: Angled
Power connector Py i pair pair i conngctor
|_meter 1 pair : :
» Bower S :
u
\
IEC
Figure F.6 — Measurement of the reflected power P,
F.3.3 Calculations
Usirpg the definition of optical return loss in 3.1.7
Rore = 10 x logqo(Pin / Py) (F.1)

where P;, is measured directly as shown in Figure F.5. P, is calculated by taking the measured
reflected power, P4, subtracting from it the contribution from the internal reflections of the

measurement system, P

rs’

and then compensating for the attenuation that is experienced by

the reflected light as it passes from test cord 1 back through the connector interface on the
RLTS, through the coupler and on to the internal power meter. Formula (F.2) shows the
mathematical calculation of P,.
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Prz(Pm1_Prs)x(PrefZ/Preﬂ)

Substituting for P, in Formula (F.1) then gives Rgg in dB as:

Pip X Prefq

RorL =10X|0910{(

m1 _Pre)xprpﬁ

|
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(F.2)

(F.3)

)
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Annex G
(normative)

Continuous wave optical return loss measurement —
Method B

G.1 Applicability of test method

Compared with the method A described in Annex F. this method utilizes a known reflectance to
chafacterize the measurement set-up. Rewriting Formula (F.3) as

Pin X Prefq

=10xlog
RL 1
RO ° (Pm1_Prs)XPref2

ret

P
=10X|0910[Lm }_10X|0910(Pm1 _Prs)

=C _10X|0910(Pm1 _Prs)

whdre
Lyt is the attenuation of the coupler between P and P, ¢;
C; 910 x logyq(Pin / Lyet) is the characterization factor.

G.2 Apparatus

G.21 General requirements

A typical test set for return loess*measurements is shown in Figure G.1. In addition to|the
apppratus described in Annex ®the reflectance termination described in G.2.2 is required.

Return loss test set Cabling under test
- Test Pin R L Lo Test
Light cord1 ... » - cord 2
<sources < ; 1] { T = N
Angled : Connector Connector: Angled
Power connector Iin pair pair i conngctor
meter 1 pair : -

P
o

IEC

Figure G.1 — Return loss test set illustration

G.2.2 Known reflectance termination

A termination with known reflectance is required to determine the internal attenuations and
reflections of the measurement system. Commonly a flat ended (PC but not angled) connector
open to air is used, which has an assumed reflectance of —14,6 dB.
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G.3 Procedure

G.3.1 Set-up characterization

In order to perform the measurement, it is necessary to characterize the measurement system
by determining C;.

C; can be characterized by taking two measurements, the first with reflections suppressed, as
shown in Figure G.2, and the second using a reference reflector with known reflection R, as
shown in Figure G.3

Return loss test set

Angled
connector
pair
Tight
Prg mandrel

IEC

Figure G.2 — Measurement of P, with reflections suppressed

Return loss test set

~
Angled Riet

connector

pair

IEC

Figure,G.3 — Measurement of P with reference reflector

The] first measurement yields the internally reflected power P 4 of the RLTS, as describefd in
F.3[1, whereas:\the second measurement yields a reference power Py so that [the
chafacterization factor can now be determined as C; = 10 x 10g[(P,ef — Pys) / Rrefl-

Prs’
only

0¢R,ef is much higher than the reflectance from the connector and coupler, (i.e. P o >>

f - ref ref//s f
the measurement shown in Figure G.3.

NOTE All power measurements described are taken in linear units (W).
G.3.2 Measurement procedure

The system reflected power, P, is measured by suppressing the reflection coming from the

connector at the far end of test cord 1, as shown in Figure G.4. This can be accomplished with
a low reflection termination (see F.2.6). The amount of light reflected internally within the
measurement system, including the interface connector, can now be measured on power
meter 1 and recorded as Pq.
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Return loss test set

Light
sources

Power
meter 1

Angled
connector
pair

Power
meter 2

IEC

Figure G.4 — Measurement of the system reflected power P

shown in Figure G.5. The power level on power meter 1 is now recerded as P,

attenuations and reflections of the measurement system.

test cord 1 is connected into the cabling under test and any unwanted reflections from|the
nd are suppressed by using a low reflection termination (see F.2.6) at the end_of test cord 2,

and

sequently used to determine the reflected power by making allowances for the intefnal

Return loss test set Cabling under test
- Test i gorusssssasasnsassnnsannansasennsssigerasssnranernrny Test
i cord1  .auae : : cord 2
(3 Ly E—— n
Angled < : Connector Connector: Angled
Power connector P, pair pair conngctor
meter 1 pair -
Pm1
\
IEC
Figure G.5 — Measurement of the reflected power P,
G.3|3 Calculation

Usimg the definition of opticakteturn loss in 3.1.7 (see also Formula (F.1)) and the relation

sho
P

m1

wn in Formula (G.1), Rggy is calculated by subtracting from the measured reflected po
, the contribution from the internal reflections of the measurement system, P, which

pregent in the measurement of P4, and finally applying the characterization factor C;, as sh
in Formula (G.2):

RorL = G = 10 x 10g1o(Pyy — Prs) (

ver,
was
bwn
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Annex H
(normative)

On the use of reference-grade test cords

H.1 General

Test cords with reference-grade terminations are used, where possible, to reduce measurement
uncertainties. If a connector with an off-centre optical fibre were to be used, the results would
vary depending on the orientation of the fibre in the launch cord connector to the orientation of
the |offset of the fibre in the connector in the cabling. However, the use of reference-gnade
terminations on the test cords means that the measured attenuation of the cabling will'typigally
be qifferent than if standard-grade terminations were used, thus leading to an adjustment in[the
test|limit for the measurement.

Thel| interpretation of the measured attenuation of the cabling is likely _t0” be based upon
conparison with a specified acceptance figure (the test limit) to providesa pass or fail resgult.
Thig annex provides guidance on how these test limits should be modified to take into account
the use of reference-grade rather than standard-grade connectors enithe test cords.

H.2| Practical configurations and assumptions

H.2)1 Component specifications

Cabling under test comprises cable(s), splice(s), and connections.

For|cables and splices, the value to be used inrthe establishment of the attenuation contribugion
is tHe maximum value specified in the relevant cabling or cable standard. The cable attenuation
is calculated by multiplying the maximumiattenuation coefficient specified by the length of| the
cable. For example, a cabled optical fibre of Category OS2 (in accordance with
ISOYIEC 11801-1) has a maximum attenuation coefficient of 0,4 dB/km at 1 310 nm, and go a
1 000 m length of cabling under test is allowed to include up to 0,4 dB of cable attenuation, in
addjtion to the other componentattenuations.

For|connections, the valués to be used are:

a) g maximum value _specified in the relevant cabling standard, or
b) & 100 % (max.).-performance value specified in a connecting hardware standard.

For|the purposes of Annex H, three types of connection are considered:
1) PBtandard-grade where the connector performance is specified by industry accepted values

e.gsIEC 61755-2-1). In Annex H, 100 % < 0,75 dB is applied as a maximum value.

2) Reference-grade where the connector performance is specified by industry accepted values
(e.g. IEC 61755-2-4). In Annex H, 100 % < 0,20 dB is applied as a maximum value.

3) "Mixed" where standard-grade components are connected to reference-grade components.
There are no standard-based values for this performance.

NOTE 1 Itis assumed that the mixed connection performance will be between standard-grade and reference-grade.
For purposes of the worked examples given in Clause H.4, it is assumed to be 0,50 dB.

If reference-grade terminations are used on the test cords, the measured attenuation of the
cabling will typically be different than when standard-grade terminations are used. This means
that if the acceptance figure is based upon the assumption of standard-grade terminations for
the finally configured system, for example, then some adjustment of the acceptance figure can
be necessary.
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These uncertainties are particularly significant when short lengths of cabling are being tested
because the attenuations associated with the connections are much higher than the
attenuations of the fibre itself. For long haul systems, the attenuation of the fibre dominates the
total attenuation, and this uncertainty is less critical.

Table H.1 shows examples of attenuations between the different possible combinations of
reference and standard-grade terminations, assuming the use of reference grade R2 and
untuned PC (non-angled) grade C connectors with cylindrical ferrules.

NOTE 2 At the time of writing, it was expected that the designation "R2" for single-mode reference grade connectors
with 0.2 dB attenuation will be replaced by a new designation "R " in the future Edition 2 of IEC 61755-2-4 and
alsofreferred to as "Rs1-Grade 2" in Edition 3 of ISO/IEC 14763-3.

Table H.1 — Expected attenuation for examples

Termination 1 Termination 2 Attenuation.requirement
SM reference-grade R2 SM reference-grade R2 £10,2 dB
SM reference-grade R2 SM standard-grade C (untuned) <0,5dB
M standard-grade C (untuned) SM standard-grade C (untuned) <0,75dB

th

NOITE Table H.1 shows the required performance of standard-to-standard-~connectors in accordance
IEQ 61755-2-1 and reference-to-reference connectors in accordance with IEC 61755-2-4.

H.2]2 Conventions

In Annex H, the various connections in the refefence and test configurations of H.2.3|are
denpted by a letter. For example, the connection between the launch cord and the cabling under
test|is usually designated 4.

A convention has been adopted in Annex*H to denote the grade of connectors that are used in
that|connection as follows:

e Wwhen the connection is "standard-grade”, the letter is used by itself (e.g. 4);

¢ When the connection is "mixed", the letter is used with a single prime suffix, (e.g. 4);
e Wwhen the connection .is*"reference-grade”, the letter is used with a double prime suffix,
e.g.A").

Thel maximum values used are designated as follows for single-mode connections (uging
"stajndard-grade™as an example):

o Moo =075 dB;
o M. =050 dB;
o - po0dp

H.2.3 Reference planes

Reference planes define the start and finish points of the required attenuation measurements.
The reference planes for the four cabling configurations described in 4.2 are shown in Figure 3
to Figure 6. The term "required result" is defined as the attenuation in the cabling configuration
between the reference plane start and the reference plane finish.

Figure 3 to Figure 6 show the reference planes for cabling under test using LSPM test
equipment. The relevant results and discussions of uncertainty are described in Clause H.3
with examples provided in Clause H.4.
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The same reference planes apply when using OTDR test equipment (the OTDR would replace
the LS in Figure 3 to Figure 6 and the PM would not be present). This is discussed in
Clause H.5.

H.3

Impact of using reference-grade test cords for reccommended LSPM
methods

In the test methods described in Annex A to Annex D, the measured attenuation result, 4, is
defined as the difference between the reference power level and the measured power level. For

eac
con

h method, the corresponding annex defines the contributions o 4 in terms of cabling

nd

nection attenuations, as for example in the formula "4 = 44 + A, + A" in Annex A.

In Annex A to Annex C:

In A
and

Tab
and
thatf]
refe

4, is the attenuation of the connection between the cabling under test and’the receive ¢
4. is the attenuation of the cabling excluding its terminating connegtors;

13 and 4,4, where used, are the attenuations of extra connegtions that are necessar
mplement the required reference configuration of test cords.

each end of the fixed cabling.

e H.2 lists the results and the test limit adjustment for the different cabling configurat
their recommended test methods when using-reference-grade test cords. The table sh
no additional uncertainty (above that discussed in Clause 5) is produced when u
rence-grade test cords.

Table H.2 — Test limit adjustment when using reference-grade test cords

M, is the attenuation of the connection between the launch cord and the cabling under fest;

prd;

y to

nnex D, 44 and 4, are the attenuations of the connections between the equipment cords

ons
DWS
5ing

Conpfiguration| Method Measured result R?g:&rlfd Test limit adjustment
A Annex A | 4 =A1'+A2/+Ac A1 +A2+Ac (A1/max_A1max)+ (Az/max_AZmax)
(1 cord)
=-0,5dB
B Annex,B 4= A1 T+ AZI + Ac - A3”_ A4” Ac A1 'max + A2’max - A3”max - A4”max
(3ncords)
= +0,6 dB
C Annex C | 4 =A1’+A2,+AC_A3” A1 +Ac (A1/max_A1max)+A2’max_A3N
(2 cords) = negligible
D AnnexD |A4=4,+4,+4, Ay + A, + A4, | None
leauinment
cord)
H.4 Examples for LSPM measurements

H.4.1 Example 1 (configuration A, one-cord method, Annex A)

A single-mode cabling system 100 m long is terminated in a patch panel at each end. The total
maximum attenuation, assuming standard-grade connectors, would be 1,60 dB, assuming
1,0 dB/km cabled optical fibre attenuation (0,1 dB for the 100 m of optical fibre) and 0,75 dB

per

connection, as shown in Formula (H.1).
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Atmax * Aomax * Ac max = 0,75 dB + 0,75 dB + 0,10 dB = 1,60 dB (H.1)

If this system was measured using the one-cord reference method and reference-grade
terminations on the test cords, then the total maximum attenuation would be 1,10 dB (0,1 dB
for the 100 m of optical fibre plus 0,5 dB for each connection between reference-grade and
standard-grade terminations), as shown in Formula (H.2).

AT max T Ao max T Ao max = 0,0 0B ¥ 0,5 0B ¥ U,T0dB = 1,70 0B H.2)

Thus, when the attenuation is measured using reference-grade test cords, the“acceptance
figure shall be adjusted by (Ai'\hax = Atmax) ¥ (A2'max ~ Aomax) = —0,5 dBlras shown in

Table H.2. When measured with standard-grade test cords, there is, no" change to [the
acceptance figure, but there is a large additional uncertainty as seen-~in“Table 5 (due to|the
repfoducibility of standard-grade test cords). The use of reference-grade-test cords is therefore
recommended, provided that the acceptance figure is adjusted.

H.4{2 Example 2 (configuration B, three-cord method, Annex B)

Consider the above cabling system having equipment connection cords with standard-grade
terminations connected into the patch panels. The expected maximum attenuation excludging
the terminal connectors will be the fibre attenuation;4d . = 0,1 dB.

If this system was measured using the threezeord reference method and reference-grfade
terminations on the test cords, then the totalkmaximum attenuation would be 0,70 dB (0,1 dB
for the 100 m of optical fibre plus 0,5 dB*for each connection between reference-grade fand
standard-grade terminations minus 0,2:dB for each connection between reference-grade fand
reference-grade connections), as shown in Formula (H.3).

A1’max a AZ’max + Ac max _ASHmax - A4”max ( H 3)
=0,5dB 40,5dB +0,10dB-0,2dB -0,2dB =0,70 dB '

Forleach reference-grade to reference-grade connection in the reference measurement that is
replaced by a.rfeference-grade to standard-grade connection in the attenuation measurenent
configurationyan adjustment of 0,3 dB should be added to the acceptance figure, which is bgsed
on the assumption of using standard-grade connectors.

H.4{3 Example 3 (configuration C, two-cord method, Annex C)

The above cabling system is considered, but with connection cords having standard-grade plug-
to-socket style connectors, such as MTRJs, connected into patch panels. To test these systems,
it is necessary to use the two-cord reference method with the addition of a reference-grade
adapter cord to complete the test configuration. This adapter cord allows connectivity but also
adds the attenuation of the mated pair of connectors factored out in the referencing procedure,
because all the connectors involved are reference-grade. However, the reference-grade
termination interface with the standard-grade patch panel connectors will typically have a lower
attenuation than those of the equipment patch cords. The acceptance criteria, therefore, should
be reduced by 2 x 0,25 dB = 0,5 dB.
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H.4.4 Example 4 — Long haul system (one-cord reference method)

A link 80 km long is terminated at optical distribution frames (ODFs) by splicing on pigtails. The
route is made up of 16 drums of cable each 5 km long with fusion splices between them. The
expected attenuation of the link at 1 550 nm, assuming standard-grade connectors, is 20,8 dB,
which assumes 0,22 dB/km for the fibre attenuation, an average 0,1 dB for the 17 splices, and
0,75 dB for each of the terminations at the ODFs.

When tested using the one-cord reference method, the expected maximal attenuation between
the terminations will be 20,3 dB, assuming that reference-grade terminations are used on the
test cords.

It can be seen that the variance in this case is much less significant than for the aboye cgses
whdre there are short lengths of fibre.

H.5| Impact of using reference-grade test cords for different configurations
using the OTDR test method

H.5)1 Cabling configurations A, B and C

Wheén using the OTDR test method with a suitably high resolution’”OTDR and sufficiently llong
launich and tail cords, as shown in Figure H.1, it is possible tg,separately identify and meagure
the pttenuation of each of the contributory factors (44 + Ay +\4, etc.).

Reference plane start Reference plane finish
Required attenuation

\i

@
-

OTDR |G Lc =N, = T .
1 Cc 2
IEC
Key
OTDR optical time domain‘reflectometer
LC launch cord
C cabling under test
TC tail caord
1,2 connector sets

Figure H.1 — Cabling configurations A, B and C tested with the OTDR method

The OTDR will usually produce an event table or schematic diagram containing details of the
distance to each event and its attenuation as well as the length and attenuation of the sections
of cabling between the events.

There is no substitution of connections from a reference measurement, therefore the setting of
test limits is simplified as shown in Table H.3.
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Table H.3 — Test limit adjustment when using reference-grade test cords —
OTDR test method

Configuration| Method Measured result ng::.ﬁd Test limit adjustment
A Annex D 4 =A1/+A2’+Ac 4, +A2+Ac (A1’max_A1max) + (AZ’max_AZmax)
(OTDR)
=~ -0,5dB
B Annex D A=A+ A, + A —Ag"- A" | A, For further study
(OTDR)
€ ATTTEX D A=A A, A Ay AT A Forfortherstudy
(OTDR)
D Annex D A=Ay + A, + A + A5 — A5 A, + A4, + A4, | None
(OTDR)
D |(see Note) | Annex D A=A+ A+ A, + A, + A, Ay + Ay + A, | For further study
(OTDR)

NOJTE When the equipment cords are short, it can be impossible to separately identifyvand measure 4, and 4,'
and 4, and 4,". The acceptance figure could be adjusted to include the combined attenuations, but it woulfl be
ungcceptable to get a false pass by doing so; this subject is still under discussion.

H.5{2 Cabling configuration D

When using the OTDR test method with a suitably high’ resolution OTDR and sufficiently long
launch, tail and equipment cords, it is possible~nto’ separately identify and measure [the
attehuation of each of the contributory factors (44.+4, + 4., etc.) as shown in Figure H.2.

The| OTDR will usually produce an event table’containing details of the distance to each eyent
and|its attenuation as well as the length and attenuation of the sections of cabling between|the
events.

However, the ability of the OTDR!method to separately identify and measure connectiong 4,
and| 45, and 4, and 4, depends upon the capability of the OTDR and the lengths of|the
equ*pment cords. When it is hot possible to separately resolve and measure the attenuatjons
of the connections at both ends of the equipment cords accurately, then the acceptance figure
can|be adjusted to include the attenuation of the connection between the launch cord and|the
cabling under test as _well as the attenuation of the connection between the tail cord and|the
cabling under test,"shown in Figure H.2 as 45 and 4,4, but it would be risky to get a false gass

by qoing so; thistsubject is still under consideration.
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Reference plane start Reference plane finish
Required attenuation

@
-

A

LC EC1 EC2 TC
OTDR [d =N B =N, =
3 1 Cc 2 4
IEC
Key

OTPR optical time domain reflectometer ECA1 equipment launch cord

LC launch cord EC2 equipment receive cord

C cabling under test 1,2,3,4 connector sets

TC tail cord

Figure H.2 — Cabling configuration D tested with the OTDR method
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Annex |
(informative)

OTDR configuration information

Introductory remarks

Annex | provides information regarding OTDRs and their configuration. It also provides
additional diagrams to help in the application of Annex E. Refer to IEC 61746-1 and

IEC
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61300-3-4 for further details and definitions on OTDR performance parameters.

e same end of the optical fibre.

returning signal comes from two sources:

scattered light from within the optical fibre itself. This is due to Rayleigh scattering cau
by minute variations in the molecular structure of the silica causing some of the light pul
energy to be scattered in all directions — a very small proportion of this is scattered bad
the direction it came from — this is known as "backscatter”;

bf the system. These are known as Fresnel reflections-

to work with. Usually, this raw data is processed by the OTDR such that the returning si
er is plotted on a logarithmic scale to give @ttenuation in decibels on the vertical scale
horizontal scale, the time delay for the round trip is converted into a one-way distance al
system, by providing the OTDR with a figure for the group index (effective refractive ing

resultant graph of attenuation ©n the vertical scale against distance on the horizontal s
ut the cabling under testincluding:

otal attenuation of the link or channel under test;

otal optical retunnloss of the link or channel under test;

ength (and propagation delay) of the link or channel under test;
bttenuatioh/‘eoefficient of the optical fibre in the cabling under test;
httenuation of connections (splices and connector pairs);

retlrn’loss (reflectance) of reflective elements, such as connector pairs and mechan

graph of returning signal power as a function ¢f time delay is the raw data that the OT

OTDR operates by injecting a short pulse of light into one end of the fibre gptic system
und'rr test and by monitoring, as a function of time delay, the returning signal coming back

out

sed
5e’s
kin

reflections from interfaces and changes in refractive index'at discrete points along the lepgth

DR
jnal
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ong
lex)

cale

nown as a backscatter trace( Analysis of this backscatter trace can yield much informattion

ical

splices:

e distance information between certain features in the trace.

However, successful and comprehensive characterization of the cabling under test is dependent

upo

n a number of factors, including:

e the optical performance of the OTDR being used;

o the correct set-up of the OTDR’s measurement parameters;

e the correct measurement configuration including appropriate length launch cords and tail
cords;

e measurement good practices — cleanliness of connectors, etc.;

e the use of bi-directional measurements (see Clause 1.6 and Clause 1.7).
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1.2 Fundamental parameters that define the operational capability of an OTDR

1.2.1 Dynamic range

Dynamic range is the capability of an OTDR to measure a large amount of attenuation. The
dynamic range is the difference between the maximum backscatter level near 0 m and at 98 %
of the noise floor. Another method of measurement uses SNR = 1 (RMS noise). The dynamic
range increases when the laser pulse width increases, and when the noise level decreases by
averaging.

the
fibr¢ and the noise floor. The dynamic margin varies the same way as the dynamic range. [The
estimation of the dynamic margin can be used to determine the noise' amplitude on|the
backscatter signal which defines a large part of the measurement uncertainty. Whenever|the
dynpmic margin is low, the noise on the backscattered signal becomes_asymmetrical, leading
to an under-estimation of the backscattered signal. For recommendatiens on dynamic mangin,
see|lEC 61280-4-3. Dynamic margin is a contributing factor in OTBR-measurement uncertainty.
A dynamic margin of = 3 dB is recommended; = 5 dB is preferred.

1.2.3 Pulse width

The| pulse width and laser peak power define the energy level launched into the optical fipre.
Thig determines the amount of scattering signal returning. As pulse width increases, dyngmic
range increases, however, dead zones also incréase.

1.2. Averaging time

The| averaging time defines the durationto sum and average a large number of data samples.
Beslt signal characterization is preferable yet takes the longest averaging time. The gredtest
benkgfit to averaging time occurs dadning the first 30 s of averaging. Generally, a dynamic range
increase of 0,75 dB occurs when_doubling the number of averages.

1.2. Dead zone

Thefe are several orders of magnitude difference between the very small signal level received
fronp the backscattéered light within the optical fibre and the relatively large signal level received
fronmp Fresnel reflections at reflective interfaces of connectors. It takes a finite time for|the
detgctor in the_OTDR to recover from the Fresnel reflection such that it can measure(the
backscattered light levels again. During this time, it is not possible for the OTDR to meagure
any|variation in the backscattered signal level (such as splice attenuations for example) and so
the section of optical fibre following a reflection is referred to as the "dead zone".

The length of this dead zone will depend upon the response time of the detector, the magnitude
of the Fresnel reflection and its duration, which is determined by the pulse width.

For single-mode applications, the most significant dead zone is the attenuation dead zone. This
is the distance after a reflective event at which the backscatter level has returned to be within
a certain tolerance (AF) of a linear fit to the backscatter trace and attenuation measurements
can be made. Refer to IEC 61746-1 for a full definition of the attenuation dead zone.

NOTE An OTDR typically supports a range of pulse widths and averaging time to balance dead zone, dynamic
range and test time for the optical fibre under test. Shorter (narrower) pulse widths typically provide shorter dead
zones (better) but reduce dynamic range (worse). Increased averaging time typically increases dynamic range. OTDR
dead zones are typically specified for short pulse widths (< 10 ns) and standard connector return loss = 35 dB.
Attenuation dead zone using a narrow pulse width is typically less than 8 m. Dynamic range using a wider pulse
width is typically more than 20 dB.
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1.3 Other parameters

1.3.1 Index of refraction

The index of refraction is used to set up the scale factor of the horizontal scale. This allows
fault location and attenuation coefficient calculation.

On a general basis, the index of refraction is not known, while the length of the optical fibre is
known. In this case, the real index of refraction can be determined.

Whén the index of refraction is known it shall be used; otherwise use the values of Table]1.

Table 1.1 — Example of effective group index of refraction values

Centre wavelength 1310 nm 1550 nm 1625 nm 1 650 nnj

SMF (IEC B-652 or B-654 dispersion- 1,467 1,468 1,469 1,469
unghifted single-mode fibre)

If filbre types other than B-652 or B-654 are being used and if agcurate length measurements
are required, the fibre manufacturer should be consulted for appropriate refractive index vallies.

1.3. Measurement range

Thel measurement range or measurement span is the ‘distance that is covered by the OTDR
time base. The measurement range shall be set to ke greater than the length of the optical fibre
to e tested. Note that with some OTDRs, when testing systems with strongly refleqtive
conpectors, it can be desirable to set the measurement range to be greater than twice the lepgth
of the system under test in order to reduce _ghosting effects.

1.3.3 Distance sampling

The|distance sampling (or samplingyesolution) is the distance between two sampling point$ on
the horizontal scale. This distance”may be coupled to the measurement range (e.g. when|the
nunber of data points is constant).

Whe¢n adjustable, the_sampling resolution should be set to a small enough time intervgl to
enspre that all features of the link are well resolved. In any case, it should be set ten times
lower than the pulse;width. Note that the size of the data file generated will be proportional to
the measurementirange divided by the sampling resolution.

1.4 Other measurement configurations

1.4.1 General

Clause 1.4 reports some measurement configurations that are not part of Annex E.

1.4.2 Macrobend attenuation measurement

Figure 1.1 illustrates the measurement trace when a macrobend (or a fusion splice) is present
within a cabling. The attenuation of a macrobend is measured using linear regressions on both
sides of the macrobend. The attenuation is given by the difference of displayed power level at
the intercept of the two linear regressions with the vertical axis of the bending location. Note
that the bending location is before the change of curvature of the trace.

Note that on single-mode fibres the amount of attenuation introduced by a macrobend increases
at longer wavelengths. Therefore, comparison of traces at two or more different wavelengths
can help to identify the presence of bends.
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LC c TC
OTDR {T} N {T} {]
oA 1
E |
S 1 |
| LS |
———————— P

L (m)
IEC

Key
OTPR optical time domain reflectometer F reflected power level
LC launch cord L distance from OTDR launch cord output pgrt
C cabling under test A macrobend or splice attenuation
TC tail cord Lg length of cabling before macrobend or splice
S macrobend or splice
Figure 1.1 — Splice andomacrobend attenuation measurement
1.4.3 Splice attenuation measurement
Useg the same process as previously defined for a macrobend within a cabling.
1.4.4 Measurement'\with high reflection connectors or short length cabling
Figure 1.2 illustrates Ja measurement of installed cabling with highly reflective connectors. [The

stro
coe

Thig

hg reflection.at the launch cable causes pulse clipping and tailing. Tailing makes attenuat
[ficients ahd-Closely spaced events difficult to measure.

part

ofdhe tailing signal.

on

demanstrates that it is important to follow a measurement procedure that does not use|any

Tailing is a good indication that a connector is dirty and should be cleaned before making further
tests.
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LC C TC

OTDR —{] {1} (]

F (dB)

Y

L (m)
IEC
Key
OTPR optical time domain reflectometer F reflected powerievel
LC launch cord Le length of(cabling under test
C cabling under test A attenuation
TC tail cord L distance from OTDR launch cord output por

Figure 1.2 — Attenuation measurement'with high reflection connectors

Figure 1.3 illustrates a measurement of a short length cabling. The length of the link is shqrter
than the attenuation dead zone. Separate measurements of the cabling and connections|are
not pvailable, while the overall measurement is still available.

Thig demonstrates again how it is important to follow the measurement procedure that does| not
use|any part of the tailing signal:
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Ly Ly L (m)
IEC
Key
OTPR optical time domain reflectometer F reflected power level
LC launch cord Lo lehgth of cabling under test
C cabling under test A attenuation
TC tail cord Ly, L, cabling port locations
L distance from OTDR launch cord output port F reflected power levels corresponding
attenuation
Figure 1.3 — Attenuation measurement of a short length cabling
1.4.% Ghost

Figure 1.4 illustrates a measurement of installed cabling with a highly reflective connector
resulting ghost. Sometimes, the,OTDR software is capable of identifying ghosts properly; if

ag
dup

host can be identifiedC when the distance between two events on the optical fibr
icated.

to

and
not,

-

is
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megsured attenuation (e.g. L4), and cursor C6 is placed to define the end of the meast

atte
tabl

L (m)
IEC

DR optical time domain reflectometer F reflected ‘power level
launch cord L¢ lehgth of the launch cord (duplicated
cabling under test G ghost reflection
tail cord L distance from OTDR launch cord out

port

Figure 1.4 — OTDR trace with ghost

More on the measurement method

measurement method defined.in Annex E is also called the five cursors method. Th

re 1.5 shows the positioning of the five cursors on the backscattering trace. Cursors C1

area of linear regression in the tail cord. Cursor C5 is positioned to define the start off

nuation. Offen*the instrument will calculate and display this attenuation as part of an e

a)

<.

to the fact that readings at*five cursor positions are used to complete the measurement.

put

S is

and

jefine the area of linear regression in the launch cord, whereas cursors C3 and C4 deffine

the
red

ent
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1
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1
1
1
1
1
1
1
|
I
:
\, C3
e C4
¢ )
C6 T
L (m)
IEC
Key
OTPR optical time domain reflectometer F reflected*power level
LC launch cord L distance from OTDR launch cord oufput
port
C cabling under test LN length of cabling under test
TC tail cord A attenuation
C1]C2, C3, C4 cursors for linear regression definition L, distance to cabling under test
C5]C6 cursors for attenuation measurement

Figure 1.5:= Cursor positioning

Make sure that the OTDR is configured for the application of a linear regression between|the
curgors. This configuration is sometimes also called least square approximation (LSA).

NOTE The alternative of the  linear regression setting (LSA) is generally called two points. This configuration
gengrally leads to significant errors since the calculation of the slope is made using only two points of the
backscattering trace while-the'LSA reduces the consequence of the noise and nonlinear response due to dead kone
effeqts.

1.6 Bi-directional measurement

For|cabling containing splices or additional connectors, OTDR testing is carried out from bpoth
endp of the cabling under test. This allows any inaccuracy in the measurement of component

out by averaging the component attenuation measurements taken from both ends of the system.

If the launch cord and tail cord have similar scattering characteristics, verified according to
IEC 61280-4-3:2022, B.5.2, and only the total attenuation of the link is required to be measured,
it is sufficient to carry out OTDR testing in one direction only. However, if the launch cord and
tail cord have different characteristics from each other, bi-directional OTDR testing is required.

In order to accurately measure the first and last connection for bi-directional averaging, one
should keep the launch and tail cords in their initial measurement positions. Thus, the launch
cord of the first direction becomes the tail cord of the opposite direction. This will ensure that
identical optical fibres are mated, so that the effects of mode field mismatch between the test
cords and cabling can be averaged out.
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An individual attenuation, in dB, is defined as the half sum of the attenuations, in dB, recorded
from each end, as shown in Formula (I.1).

Ape + 4
4= oe2 eo (1.1)

where
Aoe is the attenuation measured in the direction from the nrigin to the nvi‘rnmii‘y;
Aeo is the attenuation measured in the direction from the extremity to the origin (seg also

IEC TR 62316 for more details).
NOTE Some OTDRs include specific firmware to manage bi-directional measurements.

Avefraging bi-directional testing for determining reflectance will produce incorrect results, since
fungamentally, connector reflectance is direction dependent.

1.7 OTDR bi-directional trace analysis

Figure 1.6 shows a typical bi-directional OTDR display. The, trace from one end is shpwn
revegrsed and superimposed on the trace from the opposite end of the same fibre so that|the
pos|tions of all events correlate. The corresponding event-table, displayed in Figure 1.7, shpws
the fesults after bi-directional averaging. Note, for example, the high attenuation splice on|the
reversed trace at event 3, where there is a "gainer"{apparent negative splice attenuation) when
meagsured from the opposite end. Note also thatthe attenuation of the connector (event 12) is
mugh less when measured in the forward direction, significantly reducing the bi-directionally
avefaged connector attenuation.

dB 1 2 3 4 5 6 7 8 9 10 11 12 13
D A B
L] I
‘—-_‘H“—‘—m._._H_J |
-1p
I :
--2p
(l) 5 1|O 15 |2I0 km
A: -0,223 18 km B: 19,789 63 km B -A: 20,012 81 km
-0,13,951 dB -18,589 dB Att: 4,639 dB

IEC

Figure 1.6 — Bi-directional OTDR trace display
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Way O—E Way O—E Distance Attenuation Attenuation Average Slope Slope Average
(13) (13) (km) (dB) (dB) (dB) (dB/km) (dB/km) (dB/km)
13 ==~
1* == 12 == 0,000 00 0,169 0,193 0,193 0,193
2¢ T 11 0,914 47 0,136 -0,062 0,037 0,195 0,187 0,191
3T 10 ™ 2,973 62 -0,062 0,362 0,150 0,190 0,190 0,190
4% 9 T 4,814 07 0,009 0,025 0,017 0,192 0,184 0,188
5% 8 T 6,677 54 -0,006 0,029 0,011 0,190 0,190 0,190
7 T 8,676 59 0,177 -0,034 0,071 0,190 0,192 0,191
7 T 6 Tw 10,795 21 0,014 0,004 0,009 0,188 0,194 0,191
8* T 5 T 12,816 00 0,110 -0,094 0,008 0,191 0,191 0,191
9* T 4 T 13,476 59 0,034 0,007 0,021 0,186 0,203 0,195
10— = +5-534+-54 B;67F 8:6+6 B;67F -4+ 8:496 845
11 2 T 17,527 76 0,067 -0,038 0,014 0,187 0,190 0;189
12 ==" 1 == 19,625 28 0,136 0,534 0,335 0,182 0,198 0,190
131 ==~ 0,197 0,200 0,199
IEC

1.8 Non-recommended practices

1.8.1

Figure 1.7 — Bi-directional OTDR trace attenuation analysis

Measurement without tail cord

If thle tail cord is missing, the attenuation of the connector at'the end of the cabling is not tgken
into] account. Also, the measurement is not possible when the length of the cabling is short
regarding the attenuation dead zone (see 1.4.4).

Thig type of measurement is only acceptable forthe qualification of a repair of the cabling fhat
had| been tested before the damage (assuming-configurations of the OTDR and the cabling
allow for visualization of the repair).

1.8.2

Two cursors measurement

OTDRs generally provide easy access to two cursors showing location and power level position

as well as the attenuation between the two cursors.

The|use of a cursor measurement is not recommended for attenuation measurements, becquse
of a|l the factors mentioned in Clause I.4 and the fundamental importance of properly evalualting
the [backscatter slopé™and level before and after the intended event or section. Therefore| an
advpnced LSA analysis is preferred.
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Annex J
(informative)

Test cord attenuation verification

J.1 Introductory remarks

The validity of installed cabling attenuation measurements critically depends on the attenuation
performance of the test cords used in all LSPM methods. Test cord attenuation verification
shorld be performed before formal testing of installed cabling begins. Cords should bhe| re-
verified at the beginning of each testing session, for example daily, or after the number of' plug
insgrtions is approached as stated in the mating durability specification, typically definefd in
hundreds of mate and de-mate cycles.

Tes| cord attenuation performance verification involves measuring the attenuation of the test
cords, and possibly performing steps to obtain acceptably low attenuationyperformance prigr to
megsuring the installed cabling. The maximum acceptable attenuation can be established jin a
number of ways, for example, by customer testing requirements, the.specifications claimed by
the manufacturer of the test cords, or by cabling standards. It is notiadvisable to set acceptance
critgria for test cords to levels as high as the minimum perfofmance level (i.e. maximum
allovable connection attenuation) permitted by cabling standards, as the magnitude of |this
allowance, typically up to 0,75 dB, contributes directly to uncetrtainty of the measured caljling
attehuation.

J.2| Apparatus
Thellight source, power meter and test cords defined in Clause 6 are required.

It is|necessary to use a power meter thatiwill mate to the plugs of the test cords, that is, offer a
socket or adapter of the same type as“that of the installed cabling to be tested. This can be
accpmplished in two ways:

a) py using a compatible socketon the power meter, or

b) py attaching to the power meter, a short (< 2 m) "bucket cord", free of bends of radius |ess
han 30 mm, having.a cable-plant-compatible adapter on one end and a plug compaliible
vith the power meter socket on the other. The optical fibre within the bucket cord is pf a
arger core diameter and higher numerical aperture than that of the cords under test so fthat
substantially alltight can be collected from the cords under test.

J.3 Procedure

J.31 General

The verification procedure depends on the number and type of cords used in the test method.
A power meter with a compatible socket is illustrated. The bucket cord adaptation is not shown.

The procedures are presented in the following organization and order:

a) One-cord and two-cord methods:

e use J.3.2 for test cord interfaces that are non-pinned or unpinned and non-plug or socket
connector styles, such as LC, SC, or other plug-adapter-plug types;

e use J.3.3 for test cord interfaces that are of the pinned-to-unpinned style, like the MT-RJ,
or are of the plug-to-socket style, like the SG.
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b) Three-cord method:

[ )
connector styles, such as LC, SC, or other plug-adapter-plug types;

or are of the plug-to-socket style, like the SG.

024

use J.3.4 for test cord interfaces that are non-pinned or unpinned and non-plug or socket

use J.3.5 for test cord interfaces that are of the pinned-to-unpinned style, like the MT-RJ,

Most of the procedures contain optional sequences that are designed to test the cords bi-
directionally. Regardless of whether these optional steps are performed, labelling of the cords

is a

dvised so that their orientation and order in the test cord sequence can be identified.

The| attenuation formulae assume that power readings are made in absolute linear units such

as

If the power readings are made in relative logarithmic units such as decibels relative
milljwatt (i.e. in dBm), then the attenuation is determined by subtraction of the readirig from
reference. For example, if the reference is —12 dBm and the reading is £12;5 dBm,

atte

icrowatts (UW) or milliwatts (mW) that have to be converted to decibels using logarith

uation is (=12 dBm) — (-12,5 dBm) = 0,5 dB.

ms.
o a
the
the

In any of the procedures, if the connection between the launch cord TCY and the light sodrrce

is d
sho
sen

J.3.

The| procedure is as follows:

Ste
the

e) allows TC2 to be usedin either orientation; performing step f) allows TC1 to be used in ei
orientation.
d) Pisconnect €2 from the power meter and adapter, interchange the ends, reinsert betw

e)

f)

sturbed, for example by disconnection or mechanical stress, a pew reference power |
ild be obtained, because the amount of power coupled from 'the light source is typig
Sitive to these disturbances.

2 Test cord verification for the one-cord and two-cord reference test methods
when using non-pinned or unpinned and non-plug or socket style connector

Dbtain reference power measurement P withylaunch cord TC1 as shown in Figure J.1.

nsert adapter A1 and receive cord TE€2 between TC1 and power meter as show
Figure J.2 and record P;.

imits. If not, clean the plugs.and adapter A1, or replace TC1, TC2 and A1 as necesj
before continuing. After cleaning or replacement, repeat from step a).

cords shall be used only in their tested orientation. More precisely, performing steps d)

hdapter and power meter, and record a second power level, Ps.

evel
ally

S

N in

Determine the attenuation in dB as™10 x log(Py/P4). Verify attenuation is within acceptable

bary

bs d), e) and f) are recommended but optional. If steps d), e) and f) are not performed, then

and
ther

een

Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within accepts
the plug

ble

If the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light source
and adapter, interchange the ends, and repeat steps a) through e), obtaining a new

reference reading P5 and power readings P, and Pg as above.

NOTE All power measurements described are taken in linear units (W).
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TC1

LS $NE \ b 7, PM

IEC

Key
LS light source
TCA1 launch cord
PM p nnnnnnnn tor
PO reference power measurement
Figure J.1 — Obtaining reference power level P
TC1 TC2
LS Z‘S/\’ E \ B \ f| » PM
A1
IEC

Key

LS light source TC2 testcord

TC launch cord PM power meter

A1 connector set Py test power measurement

Figured.2 — Obtaining power level P,
J.3.3 Test cord verification for the one-cord and two-cord reference test methods
using pinned-to-unpinned or plug-to-socket style connectors

J.3.3.1 General
Thig procedure s ~subdivided into two parts, one for compatible interfaces and one| for
incgmpatible interfaces. The procedure of J.3.3.2 applies to cases where TC1 and TC2 proyide
mutpally compatible interfaces between them, where, for example, one plug is pinned and|the

to dases where TC1 and TC2 do not provide mutually compatible interfaces between thiem,

othe¢r unpinned, or where one is a plug and the other a socket. The procedure of J.3.3.3 applies
whire, for example, both plugs are pinned or unpinned, or both are plugs or sockets.

NOTE All power measurements described are taken in linear units (W).
J.3.3.2 Compatible interfaces

This procedure differs from that of J.3.3.3 because the cords are assumed to be directional due
to their pinning or plug-to-socket arrangements. In cases where this assumption does not apply,
the procedures of J.3.3.3 are recommended so that bi-directional test cord verification can be
established. In cases where bi-directional verification is possible, power meters that can accept
both pinned and unpinned plugs shall be included.

a) Obtain the reference power measurement Py with launch cord TC1 as shown in Figure J.3.

b) Insert adapter A1 and receive cord TC2 between TC1 and the power meter as shown in
Figure J.4 and record P,. A socket for plug-to-socket style connections replaces adapter A1.
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c) Determine the attenuation in dB as 10 x log(Py/P4). Verify that the attenuation is within

acceptable limits. If not, clean the plugs and adapter A1 (or socket), or replace TC1, TC2
and A1 as necessary before continuing. After cleaning or replacement, repeat from step a).

TCA1

LS $NE \‘ Al 7 PM

IEC

Key
LS light source
TC1 launch cord
PM power meter
PO reference power measurement
Figure J.3 — Obtaining reference power level P
TC1 TC2
LS ZS/\’E \ ! \ A1 P PM
A1
IEC

Key

LS light source TC2 test cord

TC launch cord PM power meter

A1 connector set P, test power measurement

Figure J.4 — Obtaining power level P,

J.3.8.3 Incompatible interfaces
Particular configurations of pinned-to-unpinned and plug-to-socket style connections
necgssitate thewintroduction of a third cord that provides a compatible interface between|the
cords undertest. The attenuation of this three-cord combination should be sufficiently low so
that|the combined attenuation still passes the acceptance criteria for the attenuation of a single
intefface: Configurations that necessitate a third cord include those where TC1 and TC2|are
botI]w pinfied or unpinned or are both plugs or sockets in a plug-to-socket style arrangement.

a) Obtain reference power measurement Py with launch cord TC1 as shown in Figure J.5.

b) Insert adapters A1, A2, substitution cord TC3, and receive cord TC2 between TC1 and
power meter as shown in Figure J.6 and record P,. For plug-to-socket styles, the adapters

are replaced by sockets on the ends of TC3.

c) Determine the attenuation in dB as 10 x log(Py/P). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters A1 and
A2 as necessary before continuing. After cleaning or replacement, repeat from step a).
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Steps d), e) and f) are recommended but optional. If steps d), e) and f) are not performed, then
the cords shall be used only in their tested orientation. More precisely, performing steps d) and
e) allows TC2 to be used in either orientation; performing step f) allows TC1 to be used in either
orientation.

d) In configurations that permit, disconnect TC2 from the power meter and adapter,
interchange the ends, reinsert between adapter and power meter, and record a second
power level, P,.

e) Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC2, TC3 and adapter A2 as

f) |f the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light SO]H’CG
bnd adapter, interchange the ends, and repeat steps a) through c).
TCA1
LS $NE \‘ Al 7 PM
IEC
Key
LS light source
TC1 launch cord
PM power meter
Py reference power measurement
Figure J.5 — Obtaining reference power level P
TCA1 TC3 TC2
LSZS/"E\E\E\EI% PM
A1 A2
IEC

Key

LS light source TC3 test cord

TC launch-card TC2 testcord

A1 connector set PM power meter

A2 connector set Py test power measurement

Figure J.6 — Obtaining power level P,

J.3.4 Test cord verification for the three-cord reference test method using non-
pinned or unpinned and non-plug or socket style connectors

The procedure is as follows:

a) Obtain reference power measurement Py with launch cord TC1 as shown in Figure J.7.

b) Insert adapter A1 and receive cord TC2 between TC1 and power meter as shown in
Figure J.8 and record P,.
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c) Determine the attenuation in dB as 10 x log(Py/P). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapter A1, or replace TC1, TC2 and A1 as necessary
before continuing. After cleaning or replacement, repeat from step a).

Steps d, e) and f) are recommended but optional. If steps d), e) and f) are not performed, then
the cords shall be used only in their tested orientation. More precisely, performing steps d) and
e) allows TC2 to be used in either orientation; performing step f) allows TC1 to be used in either
orientation. If steps d), e) and f) are skipped, P, becomes the reference power level P,y in

step h).

d)

isconnect TC2 from the power meter and adapter. interchange the ends. reinsert betw

een

e)

g)

h)

NOT]

Key
LS
TC1

ndapter and power meter, and record a second power level, Ps.

Determine the attenuation in dB as 10 x log(Py/P,). Verify that the attenuatior/is”wi

acceptable limits. If not, clean the plugs and adapter A1, or replace TC1, TEG2»and A"
hecessary before continuing. After cleaning or replacement, repeat from step‘a). If ste
s not performed, P, becomes the new reference power level P . in step-h).

bnd adapter, interchange the ends, and repeat steps a) throughye), obtaining a
reference reading P5 and power readings P, and Py as above, thgn proceed to step g)

pecomes the new reference power level P in step h).

nsert substitution cord TC3 and adapter A2 between A¥ and TC2 as shown in Figure
and record power level Pg.

imits. If not, clean the plugs and adapters, or-eplace TC3 and A2 as necessary be
continuing. After cleaning or replacement, repeat from step a).

Disconnect TC3 from the adapters, interchange the ends, reinsert, and record power |
‘o
7.

imits. If not, clean the plugs and adapters, or replace TC3 and adapters as necessary be
continuing. After cleaning or replacement, repeat from step a).

E  All power measurements deseribed are taken in linear units (W).

TCA1

£S $NE \‘ Al 7 PM

IEC

light source

launch cord

PM

thin
as
p f)

f the plugs of TC1 are of the same type on both ends, disconnect TC1\from the light solirce

new
| Py

J.9

Determine the attenuation in dB as 10 x log(P,¢/Pg)- Verify attenuation is within acceptable

fore

pvel

Determine the attenuation in dB as 10x log(P,¢/P7). Verify attenuation is within acceptable

fore

power meter

reference power measurement

Figure J.7 — Obtaining reference power level P
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TC1 TC2
LS Z!S/V‘ = \ = \ 5] » PM
A1
IEC
Key
LS light source TC2 test cord
TC1 launch cord PM power meter
A1 connector set P, test power measurement
Figure J.8 — Obtaining power level P,
TC1 TC3 TC2
LS Z’g/\f = = = g P, PM
A1 A2
IEC
Key
LS light source TC3\ test cord
TC launch cord TC2 test cord
A1 connector set PM power meter
A2 connector set Py test power measurement

Figure.J.9 — Obtaining power level Pg

J.3.p Test cord verification for the three-cord reference test method using pinned-to-
unpinned or plug-to-socket style connectors

The| procedure is as follows:

a) Pbtain reference power measurement Py with launch cord TC1 as shown in Figure J.1(.
b) |nsert adapters A1, A2, substitution cord TC3, and receive cord TC2 between TC1 [and
bower meter as shown in Figure J.11 and record P,. For plug-to-socket styles, the adapfers
Aresreplaced by sockets.

c) Determine the attenuation in dB as 10 x log(Py/P). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters as
necessary before continuing. After cleaning or replacement, repeat from step a).

d) If the plugs of TC3 are of the same type on both ends, disconnect TC3, interchange the
ends, reinsert, and record power level P,. If the plugs are not the same type, skip step e).

e) Determine the attenuation in dB as 10 x log(Py/P,). Verify attenuation is within acceptable

limits. If not, clean the plugs and adapters, or replace TC1, TC2, TC3 and adapters as
necessary before continuing. After cleaning or replacement, repeat from step a).

NOTE 1 The limits in steps c) and e) for this case are normally set to two times the acceptable limit of a single
interface.
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Steps f), g) and h) are recommended but optional. If steps f), g) and h) are not performed, then
TC1 and TC2 shall be used only in their tested orientation. More precisely, performing steps f)
and g) allows TC2 to be used in either orientation; performing step h) allows TC1 to be used in
either orientation.

f)

In configurations that permit, disconnect TC2 from the power meter and adapter,

interchange the ends, reinsert between adapter and power meter, and record a power level,
Ps.

g) Determine the attenuation in dB as 10 x log(Py/P3). Verify attenuation is within acceptable
limits. If not, clean the plugs and adapters, or replace TC2, TC3 and adapter A2 as

h)

NOT]

Key
LS
TC1
PM

Key
LS
TC
A1

f the plugs of TC1 are of the same type on both ends, disconnect TC1 from the light SO]A

bnd adapter, interchange the ends, and repeat steps a) through e).

FE 2 All power measurements described are taken in linear units (W).

LS

TCA1

Ar'[D A

light source
launch cord

power meter

reference power measurement

g1 p PM

Figure J.10 — Obtaining reference power level P,

A2

IEC

PM

TC1 TC3 TC2
s | |AME RV S W S .
A1 A2
light source TC3 test cord
launch cord TC2 test cord
connector set PM power meter
Connector set I Test power measurement

IEC

Figure J.11 — Obtaining power level P,

rce
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Annex K
(informative)

Spectral attenuation measurement

Applicability of test method

The spectral attenuation of installed cabling is a measure of the attenuation of the cabling as a
function of wavelength over a broad wavelength range. Whereas the measurements described

in A
1 31
me3d
1 64
1 64

The
orD
cab

nnex A through Annex D are typically performed at a few discrete wavelengths (

surement can cover a wide wavelength range (e.g. the S, C and L bands (1450 n
5 nm) or the full wavelength range covering the O, E, S, C and L bands from, 1260 n
5 nm).

se measurements are useful when extended wavelength operation is required (as in CW
WDM systems for example), or if it is required to identify the category-of fibre in the instg

aro
wid
It is
for
quit

This
for

K.2

K.2

The

wa\q‘elength ranges where the attenuation of installed cabling can vary significantly such

ing (i.e. whether it is a category with or without a water peak):In particular, there

nd the water peak centred in the E-band at 1 383 nm. It is uSeful to know the height
h of this peak.

bxample using a tuneable laser source, but usually the range of wavelengths covere
e small, and the principles of Annex A through Annex D can be applied.

annex focuses on the use of a broad band light source and an optical spectrum anal
carrying out this measurement.

Apparatus

1 Broadband light source

ran
ori
exa

The
takq

The

e of interest. This can be achieved by using one or more high powered LEDs. Alternati
addition, the amplified spontaneous emissions (ASE) of a fibre amplifier can be used
Mple to cover the.C-band.

re is no requirement for uniform spectral power density as a reference measurement wi
n of the'power in the input spectrum.

emissions of the light source shall be stable for the duration of the measurement.

.g.

0 nm and 1550 nm plus 1625 nm for long distance systems), a spectral attenuation

to
to

DM
lled
are

as
and

possible to carry out attenuation measurements at a large number of discrete wavelengths,

d is

ser

broadband light source shall have sufficient spectral power density to cover the wavelength

ely,
for

| be

K.2.2 Optical spectrum analyser

The optical spectrum analyser shall be capable of measuring power as a function of wavelength
across the wavelength range of interest and shall be capable of storing and processing these
wavelength scans.
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K.3 Procedure

K.3.1 Reference scan

Connect the broadband source directly to the optical spectrum analyser with the appropriate
number of test cords depending upon the cabling configuration (see 4.2).

e Turn on the broadband source and allow sufficient time for the output to stabilize.

e Take a reference scan of the power in the input spectrum across the wavelength range of

interest and record this power, in units of dB or dBm, as a function of wavelength: P (1).

K.3

K.4

The
sub

The
inte
whi
Ca

2

Measurement scan

Connect the broadband source and associated test cord to one end of the cabling ur
est, connect the optical spectrum analyser with an appropriate test cord to the other en
he cabling under test.

Turn on the broadband source and allow sufficient time for the output to stabilize.

pf interest and record this power, in units of dB or dBm, as a function of wavelen
P (4)-
meas

Calculations

spectral attenuation of the cabling under test, L(4)y>expressed in dB, is obtained
racting the measured scan from the reference scafy as shown in Formula (K.1):

L(i) = Pt (i)—Pmeas (l)

result of such a measurement canbe presented in a table for particular wavelength
rest (e.g. the WDM wavelengths™defined by ITU-T) or graphically as shown in Figure
th clearly shows very high attenuation at the water peak and a low attenuation region in
nd L bands (1 530 nm to 1 825 nm).

A

- 50

Attenuation profile

der
d of

lake a measurement scan of the power in the output spectrum across the wavelength range

gth:

by

- 30

- 20

1 3|00 1400
L L L | s

IEC

Figure K.1 — Result of spectral attenuation measurement
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AVANT-PROPOS

la Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comppsée
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’}EC a pour objgt de
hvoriser la coopération internationale pour toutes les questions de normalisation)dans les domaines de
Electricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie(@e$s Normes internationfles,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) ef des
uides (ci-aprés dénommés "Publication(s) de I'l|EC"). Leur élaboration est confiee a des comités d’études| aux
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisajions
ternationales, gouvernementales et non gouvernementales, en liaisonsavec I'lEC, participent égalemen{ aux
avaux. L'IEC collabore étroitement avec I’Organisation Internationale./de Normalisation (ISO), selon| des
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questionstechniques représentent, dans la mesufte du
ossible, un accord international sur les sujets étudiés, étant doriné que les Comités nationaux de I'lEC intérejssés
ont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme, d& recommandations internationales et sont agrgées
omme telles par les Comités nationaux de I'lEC. Tous\les efforts raisonnables sont entrepris afin que |'IEC
sfassure de I'exactitude du contenu technique de ses*publications; I'lEC ne peut pas étre tenue responsable de
‘eéventuelle mauvaise utilisation ou interprétation gquien est faite par un quelconque utilisateur final.
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Qans le but d’encourager I'uniformité internationale, les Comités nationaux de I'lEC s’engagent, dans toute la
esure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationales
gt régionales. Toutes divergences entre.toutes Publications de I'lEC et toutes publications nationalep ou
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune ‘aitestation de conformité. Des organismes de certification indépendants
fopurnissent des services d’évaluation de conformité et, dans certains secteurs, accédent aux marquep de
donformité de I'lEC. L’IEC n’est.responsable d’aucun des services effectués par les organismes de certificgtion
indépendants.

ous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne*doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatgires,
compris ses experts-particuliers et les membres de ses comités d’études et des Comités nationaux de I|IEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
ature que ce,soity directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépepses
découlant deNa-publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I|IEC,
du au crédit qui lui est accordé.

'attention est attirée sur les références normatives citées dans cette publication. L’utilisation de publicafions
reféfencées est obligatoire pour une application correcte de la présente publication.

>3 attentio aH—geta—m 5 P HRe pew-entratrertutiHsationdd un
ou de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de tout
droit de propriété revendiqué a cet égard. A la date de publication du présent document, I'l[EC n’avait pas regu
notification qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu
d’avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a 'adresse https://patents.iec.ch.
L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 61280-4-2 a été établie par le sous-comité 86C: Systémes et dispositifs actifs a fibres
optiques, du comité d’étude 86 de I'l|EC: Fibres optiques. Il s’agit d’'une Norme internationale.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2014. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout de la méthode des cordons d’équipement;

b) ajout de I'ajustement de limite d’essai lié aux classes de cordons d’essai;

c) affinements des incertitudes de mesure.
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INTRODUCTION

Le présent document fait partie d’'une série de normes IEC relatives aux mesures des
installations céblées fibroniques. Le présent document s’applique au mesurage de fibres
unimodales installées.

Les normes de conception de cablage telles que I'ISO/IEC 11801-1 donnent les exigences
générales relatives a ce type de cablage. Ces normes prennent en charge des longueurs de
cable pouvant atteindre 2 km pour les batiments commerciaux et les centres de traitement de
données et 10 km pour les batiments industriels. L'ISO/IEC 14763-3, qui prend en charge
'ISQITET TT8UT-T, Tait reference a la norme IEC 61280-4-2Z.

Differentes recommandations de I'UIT-T ont des exigences pour des applications{sur [des
disthnces supérieures, a savoir les courtes distances (40 km), les longues distances+(80 km) et
les trés longues distances (160 km). Les essais d’installations cablées pour ces'applications
sonf couverts par la recommandation G.650.3 de I'UIT-T, qui fait référence/aux méthgdes
d’egsai du présent document.
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PROCEDURES D’ESSAI DES SOUS-SYSTEMES
DE TELECOMMUNICATION FIBRONIQUES -

PARTIE 4-2: Installations cablées —
Mesures de I’affaiblissement de réflexion optique
et de I'affaiblissement des fibres unimodales

Domaine d’application

présente partie de I'l[EC 61280 s’appligue aux mesures de [I'affaiblissement et
biblissement de réflexion optique d’une installation cablée a fibres optiques) ‘Gtilisant

connecteurs, des adaptateurs, des épissures et d’autres dispositifs,passifs. Le cabl

dentiels, commerciaux ou industriels et des centres de traitementyde données, ainsi
5 des environnements d’installations extérieures.

brésent document s’applique a tous les types de fibres~unimodales, y compris ce
gnées comme des fibres de Classe B par I'|EC 60793-2-50.

principes du présent document peuvent s’appliquer@aux installations cablées contenant
ositifs de commutation (répartiteurs) et sur de® plages de longueurs d’onde spécifiq
5 des situations dans lesquelles sont dépleyés des composants passifs sélectifs

dispositifs actifs tels que des amplificateurs a fibres ou des égaliseurs de canauXx

Références normatives

documents suivants.sont cités dans le texte de sorte qu’ils constituent, pour tout ou p3

tion citée s’applique. Pour les références non datées, la derniére édition du documen

60825-2,) Sécurité des appareils a laser — Partie 2: Sécurité des systemes
communications par fibres optiques (STFO)

de
des
les,
age
aux
que

lles

des
les,
en

présent document n’est pas destiné a s’appliquer a des installations cablées qui inclyient

de

rtie

eur contenu, des\exigences du présent document. Pour les références datées, s¢ule

[ de

de

res

fondamentales d’essais et de mesures — Partie 3-35: Examens et mesures — Examen visuel

des

IEC

connecteurs fibroniques et des émetteurs-récepteurs a embase fibrée

61315, Etalonnage de wattmétres pour dispositifs a fibres optiques

IEC 61746-1:2009, Etalonnage des réflectométres optiques dans le domaine temporel (OTDR)
— Partie 1: OTDR pour fibres unimodales

IEC TR 62627-01, Fibre optic interconnecting devices and passive components — Part 01: Fibre
optic connector cleaning methods (disponible en anglais seulement)


https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

- 104 — IEC 61280-4-2:2024 © |EC 2024

3 Termes, définitions, symboles graphiques et abréviations

3.1 Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

L’'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1.
adaptateur
apppreil qui permet I'interconnexion entre les cables a fibres optiques équipés

3.1.
affgiblissement
dim|nution de la puissance optique induite a travers un support teli-qu’'une installation de
cablage, donnée sous la forme 4:

A=10 x |Og10 (Pin/Pout)
ol

pt P sont les puissances d’entrée et de sortie du cablage, mesurées généralement en

mW

in out

Note] 1 a I'article: L’affaiblissement est exprimé en dB,

Note| 2 & I'article:  Par ailleurs, I'affaiblissement peut-étre exprimé sous la forme 4 = =10 x log,, (P, /P;,)- Les peux
formples sont équivalentes mathématiquement,eur résultat est une valeur en décibels positifs.

3.1
mesure bidirectionnelle
deuik mesures de la méme fibfe optique effectuées en injectant le rayonnement lumineux|par
les pxtrémités opposées deé cette fibre

3.1.
configuration

fornmpe ou disposition de piéces ou d’éléments tels que des terminaisons, des connexions et(des
épigsures

3.1.6
connecteur

ixé a3 un cable aptique o n élément d’un apparei age,
ayant pour but de permettre des connexions/déconnexions optiques fréquentes de fibres ou de
cables optiques

[SOURCE: IEC TR 61931:1998, 2.6.1, modifié — Le terme entre parenthéses "optique" a été
supprimé du terme et la définition a été reformulée en francais]
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3.1.6

appareil de mesure de la puissance et source lumineuse optique

LSPM

systéme d’essai consistant en une source lumineuse optique (LS), un appareil de mesure de la
puissance (MP) et des cordons d’essai associés utilisés pour mesurer I'affaiblissement d’une
installation cablée

Note 1 a l'article: L’abréviation "LSPM" est dérivée du terme anglais développé correspondant "light source and
power meter".

rapport entre la puissance d’entrée, P;,, du cablage en essai et la puissance retour, 2, réfléchie
par [le cablage en essai:

Rope = 10 x 10910(Pin/Py)

Note] 1 a I'article: L’affaiblissement de réflexion optique est un nombre positif.
Note] 2 a I'article: L’affaiblissement de réflexion optique est exprimé en dB.

Notel 3 a 'article: L’abréviation "ORL" est dérivée du terme anglais développé correspondant "optical return Idss".

3.18
réflectomeétre optique dans le domaine temporel
OTDR

sysféme d’essai consistant en un réflectometre. optique dans le domaine temporel et |des
corqons d’essai associés utilisés pour caractériser et mesurer ['affaiblissement| et
I'affpiblissement de réflexion optique d’une ipstallation cablée et des éléments spécifiques de
cette installation cablée

Notel 1 a I'article: L’abréviation "OTDR" est dérivée du terme anglais développé correspondant "optical time domain
refleptometer”.

3.1.

fiche

fich

parfie male d’'un connecteur

[SOURCE: IEC TR\61931:1998, 2.6.2]

3.1./10

terminaison-de classe de référence
fichg del.connecteur avec des tolérances serrées se terminant sur une fibre optique unimodgale
avef-des tolérances serrées, tels que l'affaiblissement attendu d’une connexion formée|par
accouplement de deux de Ces ensembies est mferteur et pius reproductibie que cefutrd'une
terminaison de classe normale

Note 1 a l'article: Un adaptateur dont il est exigé qu’il assure ces performances, peut étre considéré comme
appartenant a la terminaison de classe de référence lorsque la configuration d’essai I’exige.

Note 2 a l'article: L’IEC 61755-2-4 relative aux connecteurs avec férule cylindrique pour les contacts sans angle
(PC) et 'IEC 61755-2-5 relative aux connecteurs avec férule cylindrique pour les contacts avec angle (APC)
définissent les terminaisons de classe de référence. Ces normes peuvent étre référencées pour de plus amples
informations.
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3.1.11

méthode d’essai de référence

RTM

méthode d’essai selon laquelle une caractéristique donnée est mesurée en se conformant
rigoureusement a la définition de cette caractéristique et qui donne des résultats exacts,
reproductibles et se rapportant a la pratique

Note 1 a l'article: L’abréviation "RTM" est dérivée du terme anglais développé correspondant "reference test
method".

[SOURCE: IEC TR 61931:1998, 2.8.1, modifié — Les termes entre parenthéses "en optique des
fibr . ay ga 2Yaldlaala aY a2 3 = = --v-.v,, - = =

3.112
réflectance

comp
pouf un composant discret dans le cablage, rapport entre la puissance retout, P, réfléchie|par

le cpmposant et la puissance d’entrée, P;,, dans le composant:

Rcomp =10 % |Og10(Pr /Pln)

Note] 1 a I'article: La réflectance est un nombre négatif.

Notel 2 a I'article: En variante, elle est appelée (par exemple dans I'lEC\61300-3-6) I'affaiblissement de réflgxion
des gomposants individuels, exprime par la formule R =-10 x Iogm(Pr /Pin), qui est un nombre positif.

Note| 3 a I'article: La réflectance est exprimée en dB.

3.113

montage d’essai pour I’affaiblissement de reflexion
RLTS

sys{éme d’essai consistant en une source IUmineuse optique (LS), un appareil de mesure de la
puigsance interne (MP), un coupleur.directif, un appareil de mesure de la puissance extgrne
supplémentaire et des cordons d’essai associés utilisés pour mesurer 'affaiblissemen{ de
réflgxion optique d’un cablage installé

Notel 1 a I'article: L’abréviation "RLT.S"est dérivée du terme anglais développé correspondant "return loss test set".

3.114

connecteur de type-embase
conhecteur auquel‘est intégré I'adaptateur, y compris tout dispositif d’alignement, qui est|fixé
de maniére permanénte a la fiche d’'un c6té de la connexion

Notel 1 a I'article} 1l s’agit, par exemple, du connecteur SG (IEC 61754-19) et d’'un grand nombre de connecjeurs
pour|environnement hostile.

3.1.156

cordon d*essal
cordon a fibres optiques terminé, utilisé pour connecter la source ou le détecteur optique au
cablage, ou pour réaliser des interfaces appropriées au cablage en essai

Note 1 a l'article: |l existe cinq types de cordons d’essai:
— cordon d’injection: utilisé pour connecter la source lumineuse optique au cablage;
— cordon de réception: utilisé pour connecter le cablage a I'appareil de mesure de la puissance (LSPM seulement);

— cordon de fin: fixé a I’extrémité éloignée du cablage lorsqu’un OTDR est utilisé a I'extrémité proche. Celui-ci
constitue un moyen pour évaluer I'affaiblissement et I'affaiblissement de réflexion optique de la totalité du
cablage, y compris la connexion a I'extrémité éloignée;

— cordon adaptateur: utilisé pour réaliser une transition entre des embases ou d’autres connecteurs incompatibles
dans une configuration d’essai exigée;

— cordon de substitution: cordon d’essai utilisé dans une mesure de référence qui est remplacé durant la mesure
de I'affaiblissement du cablage en essai.
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3.2 Symboles graphiques

Les symboles graphiques représentés a la Figure 1 pour différentes options de connexion sont
tels qu’ils sont donnés dans I'l[EC TR 61930:1998, a I'’exception de la paire de connecteurs avec
angle représentée a la Figure 1 g).

a

\ —

I
d
IEC
b
IEC
a) Assemblage embase et fiche b) Jeu de connecteurs (fiche, adaptateur, fiche)
LS $r\/‘ P, PM
IEC IEC
c) Source lumineuse optique d) Appareil de mesure de la puissance
IEC IEC
e) Connexion générique f) Connexion brochée/non brochée

D &

IEC

g) Paire de connecteurs avec angle

Légende

a embase

b fiche

c asseémblage fiche-adaptateur

d fieh€ insérée dans un assemblage fiche-adaptateur
LS SOUTCE TUMMeuse optique

MP appareil de mesure de la puissance

P, niveau de puissance mesuré

Figure 1 — Symboles des connecteurs

NOTE 1 A la Figure 1 b) et ailleurs dans le présent document, les fiches sont représentées avec des tailles
différentes pour indiquer le caractére directionnel lorsque le cablage comporte des adaptateurs connectés a I'avance
et que le cordon d’essai n’en comporte pas, ou inversement. A la Figure 1 b), un adaptateur est connecté a I'avance
sur la fiche située a gauche.

NOTE 2 Lorsqu’elles sont utilisées sur toutes les figures du présent document, y compris celles des annexes, les
terminaisons de classe de référence et les adaptateurs sont grisés.

NOTE 3 Une connexion simplifiée de deux blocs utilisée a I’Annexe E et a I'’Annexe | est représentée a la
Figure 1 e).
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NOTE 4 Une connexion simplifiée pour les connecteurs avec des broches d’alignement sur une embase utilisée a
I’Annexe J est représentée a la Figure 1 f).

NOTE 5 Une paire de connecteurs avec angle utilisée a la Figure 8, a I'Annexe F et a I'Annexe G est représentée
a la Figure 1 g).

Aux figures qui présentent les configurations de mesure des annexes de I’Annexe A a
I’Annexe E, le cablage en essai est représenté par une boucle, comme représenté a la Figure 2.
Bien qu’elle soit présentée comme une boucle de fibre, elle peut contenir des épissures et des
connecteurs supplémentaires, en plus des connecteurs d’extrémité. Noter que pour mesurer
I'affaiblissement de ce cablage, les affaiblissements associés aux connecteurs d’extrémité sont
considérés séparément de ceux du cablage en lui-méme.

NOTE Le cablage est représenté avec des adaptateurs connectés aKavance, et les fiches qui y sont branc
sont|associées aux fiches du cordon d’essai de la classe de référence.

3.3| Abréviations

r"/-—- --\l‘.
N

IEC

Figure 2 — Symbole d’unicablage en essai

hées

eur

eur

BS)

ans

APC Angled Physical Contact (contaet\physique avec angle) (description d’'un modéele de
connecteur)

ASH Amplified Spontaneous Eniissions (émissions spontanées amplifiées)

ATN Alternative Test Method:(méthode d’essai en variante)

cw Continuous Wave.(onde entretenue)

CwpMm Coarse Wavelength Division Multiplexing (multiplexage par répartition en longy
d’onde grossiere)

DWPM Dense Wavelength Division Multiplexing (multiplexage par répartition en longu
d’onde_a-forte densité)

FTTH Fibfe-To-The-Home (fibre jusqu’a ’'abonné)

LED Light Emitting Diode (diode électroluminescente)

LS Light Source (source lumineuse optique)

LS/ Least-Squares-Approximation{approximation-parta-méthode-des-moindres—carr

OCWR Optical Continuous Wave Reflectometer (réflectométre a onde entretenue optique)

PC Physical Contact (contact physique) (description d’'un modéle de connecteur s
angle)

MP appareil de mesure de la puissance

WDM Wavelength Division Multiplexing (multiplexage par répartition en longueur d’onde)
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Méthodes de mesure

Généralités

1 Structure du document

Les exigences générales concernant I'appareillage, les procédures et les calculs, qui sont
communes a toutes les méthodes, sont indiquées dans le texte principal du présent document.
Les exigences spécifiques a chaque méthode sont rapportées de I’Annexe A a ’Annexe G. Les
procédures de nettoyage et d’examen des faces d’extrémité des connecteurs sont décrites en

6.9eten7.2.

4.1.2 Affaiblissement

Le présent document décrit cinq méthodes de mesure de I'affaiblissement. Les ¢ing' méthddes
de mesure utilisent des cordons d’essai comme interface avec l'installation,'céblée et sont
dés|gnées par:

1) méthode de référence a un seul cordon (voir ’Annexe A);

2) méthode de référence a trois cordons (voir ’Annexe B);

3) méthode de référence a deux cordons (voir I’Annexe C);

4) meéthode des cordons d’équipement (voir ’Annexe D);

5) méthode par réflectométre optique dans le domaine temporel (OTDR) (voir I’Annexe E)
Les| quatre premieres méthodes utilisent une souree<lumineuse optique et un appareil de
megure de la puissance (LSPM) pour mesurer lesiiveaux de puissance d’entrée et de sgrtie
du ¢ablage en essai afin de déterminer I'affaiblissement. La différence fonctionnelle principale
entrle ces méthodes est la fagon dont le niveau de puissance d’entrée, appelé niveay de
puigsance de référence, est mesuré et ainsij, Ilinclusion ou I’exclusion des pertes associées jaux
conhexions avec le cablage en essai, etiles incertitudes associées a ces connexions] Le
pro¢essus de mesure du niveau de puissance d’entrée est couramment appelé "prise du nivieau
de puissance de référence".

L’utjlisation du terme "référence!ldans la description des méthodes d’essai se référe au procgdé
de mesure de la puissance dentrée et non a I'état de I'essai.

La méthode de référence.a’'un seul cordon produit des résultats qui comportent I'affaiblissenpent
asspcié aux connexionhs aux deux extrémités du cablage en essai. La méthode de référencge a
troig cordons produit des résultats qui tentent d’exclure I'affaiblissement des connexions [aux
deuik extrémités\'du cablage en essai. La méthode de référence a deux cordons produit
normalementdes résultats qui comportent I'affaiblissement associé a 'une des connexions du
cablage enlessai. La méthode des cordons d’équipement inclut I'affaiblissement associé jJaux
conhexipns entre les cordons d’équipement et le cablage fixe, mais exclut I'affaiblissement
asspciéaux connecteurs qui sont connectés a I'’équipement (c’est-a-dire le systéme| de
transmission).

NOTE L’affaiblissement maximal du cablage spécifié pour un systeme de transmission (par perte de bilan de
puissance optique ou perte d’insertion dans le canal, par exemple) exclut normalement les connexions effectuées
avec I'équipement de transmission. Il est donc approprié d’utiliser la méthode de référence a trois cordons lorsqu’il
est prévu de connecter directement le cablage en essai a I’équipement de transmission.
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Dans la méthode par OTDR, de courtes impulsions lumineuses sont injectées dans le cablage
et la puissance rétrodiffusée est mesurée en fonction du temps de propagation ou de la
longueur de la fibre. Cette méthode permet également de déterminer les valeurs
d’affaiblissement dans des composants de cablage individuels. Elle n’exige pas d’effectuer une
mesure de référence séparée. Les exigences relatives aux cordons d’injection et de fin sont
définies a ’Annexe E. Outre la mise en service des nouvelles installations cablées, la méthode
par OTDR s’avére utile pour soumettre le cablage a fibres optiques a essai pendant le
dépannage et la maintenance, car l'installation cablée peut étre caractérisée par une carte
détaillée (la trace OTDR) qui peut étre analysée afin de mettre en exergue tout changement.

de
ure

exe A al’Annexe E. Une vue d’ensemble des incertitudes pour chaque méthode de mes
est donnée a I'Article 5.

413 Affaiblissement de réflexion optique

Le présent document définit également deux types de méthodes d’essais)qui peuvent Btre
utilisées pour mesurer I'affaiblissement de réflexion optique d’une installation de cablage:

a) |a méthode basée sur 'OTDR;

b) |a méthode des ondes continues utilisant un montage d’essai pour I'affaiblissemen{ de
réflexion.

La méthode par OTDR permet de mesurer I'affaiblissement”de réflexion optique de toyt le
cablage et la réflectance de composants discrets individUels ou I'affaiblissement de réflexion
optigue de sections spécifiques du cablage. La mesure peut étre effectuée en une étape a phrtir
de ghaque extrémité du cablage en essai. Cette méthode est décrite en détail dans I'Article E.5.

La méthode des ondes continues décrite a ’Anfexe F mesure directement la puissance émise
danpg le cablage en essai sous la forme d’une étape de mesure initiale, puis la compare p la
puigsance réfléchie mesurée par un coupleur directif. Des mesures de référence| ou
d’éthlonnage supplémentaires sont exigées pour quantifier 'affaiblissement par le coupjeur
directif et pour annuler toutes les réflexions internes dans 'appareil de mesure.

La méthode d’essai utilisant les-ondes continues décrite a ’Annexe G calcule le niveay de
puigsance émis et la puissance réfléchie d’'une maniére semblable a la méthode décrile a
I’Annhexe F. Une autre mesure de référence d’une terminaison de réflectance connue est exigée
pouf mettre en ceuvre cette méthode.

4.2| Configurations de cablage et méthodes d’essai applicables

4.2 Configurations de cablage et méthodes d’essai applicables pour les mesures
de(l’affaiblissement

Le grésent document prend pour hypothése que le cablage installé prend I'une des trois formes
indigueés dans le Tableau 1. Si le cablage se termine par un adaptateur, le cordon d’essai’[goit
se terminer par une fiche et réciproquement.
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Tableau 1 — Configurations du cablage

Configuration Description Connexions d’extrémité
(affaiblissement inclus)
A Adaptateurs fixés a des fiches ou des embases D
o o N eux
fixées aux deux extrémités du cablage
Fiches aux deux extrémités Néant
Configuration mixte dans laquelle une extrémité du
cablage est équipée d’un adaptateur et 'autre Une (terminée avec un adaptateur)
extrémité d’une fiche
D FIChes aux deuxX exremites utiisant des coraons Neéant
d’équipement
Les| variantes de la méthode d’essai utilisée pour mesurer le cablage dépendent de la
configuration de cablage. Par exemple, une configuration de cablage courante. comporte |[des
adaptateurs ou des embases aux deux extrémités du cablage (par I'intermédiaire de pannegaux

de hrassage, par exemple) en attendant d’étre connectés a un équipement«de transmission ou
de éception fibronique avec un cordon d’équipement. Il s’agit de la gonfiguration A. Dans ce

cas| la méthode de référence a un cordon est utilisée pour tenir compte des affaiblissements
asspciés aux deux connecteurs d’extrémité du cablage (voir la Figure 3).
TC1 TC2
- ZIS’J@ \ =5 B \ g P MP
1 c 2

Début de la mesure Fin de la mesure

de l'affaiblissemant de l'affaiblissement -
Léggnde
LS source lumineuse optique
TC1 cordon d’injection
C cablage en esgai
TC2 cordon de réception
MP appareil‘de mesure de la puissance
1,2 jeux de'connecteurs
P, niveau de puissance mesuré

NOTE\ ‘La Figure 3 est un exemple de cablage dans la configuration A avec les cordons d’essai TC1 et TC2 attaghés,

mon

ramttedebutettafimdes—affaibtissementsmesurestorsguetamethodedessarde Teférenceestutitisee (la

méthode de référence a un seul cordon détaillée a I’Annexe A).

Figure 3 — Configuration A — Début et fin des affaiblissements mesurés
dans la méthode d’essai de référence

Un autre exemple est une configuration de cablage dans laquelle des fibres amorces renforcées

ont

été épissurées aux extrémités du cable principal, les connecteurs des fibres amorces devant

étre directement connectés a I'équipement de transmission ou de réception fibronique. Il s’agit

de |

a configuration B, présentée a la Figure 4. Dans ce cas, une méthode de référence a trois

cordons est utilisée pour exclure l'affaiblissement des connexions males d’extrémité. La
Figure 4 présente le début et la fin des affaiblissements mesurés lorsque la méthode d’essai
de référence est utilisée (méthode de référence a trois cordons, comme détaillé a I'’Annexe B).
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TC1 TC2
s ZigM@\E = \EPZ wP
1 C 2
Début de la mesure Fin de la mesure
de l'affaiblissement de I'affaiblissement
IEC

Léggnde
LS source lumineuse optique
TC1 cordon d’injection
C cablage en essai
TC2 cordon de réception
MP appareil de mesure de la puissance
1,2 jeux de connecteurs
P, niveau de puissance mesuré

NOTE Les fiches sont représentées avec des tailles différentes pour indiquer le caractere directionnel lorsqye le
cablage comporte des adaptateurs connectés a I'avance et que le cordofxd’essai n’en comporte pas, ou inversement.

Figure 4 — Configuration B — Début et fin des affaiblissements mesurés
dans la méthode d’essai‘de référence

La Figure 5 est un exemple de céblage dans’fa configuration C avec les cordons d’egsai
attachés, montrant le début et la fin des affaiblissements mesurés lorsque la méthode d’egsai
de référence est utilisée (la méthode de référence a deux cordons détaillée a ’Annexe C).

TC1 TC2
LS jS/JE \ = = \ P, MP
1 C 2
Début de la mesure Fin de la mesure
de I'affaiblissement de I'affaiblissement
EG

Légende
LS QUUTUT :uIII;IICuOC upthuc
TCA1 cordon d’injection
C cablage en essai
TC2 cordon de réception
MP appareil de mesure de la puissance
1,2 jeux de connecteurs
P, niveau de puissance mesuré

Figure 5 — Configuration C — Début et fin des affaiblissements mesurés
dans la méthode d’essai de référence
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Un exemple supplémentaire est une configuration de cablage dans laquelle les cordons
d’équipement sont installés aux deux extrémités du cablage et sont en attente de connexion a
un équipement de transmission ou de réception fibronique. Il s’agit de la configuration D,
présentée a la Figure 6. Dans ce cas, la méthode des cordons d’équipement (ou, si elle ne peut
pas étre appliquée, la méthode a trois cordons) est utilisée pour exclure I'affaiblissement des
connexions males d’extrémité.

TC1 EC1 m

S N AR

3 1
Début de la mesure Fin de la mesure
de I'affaiblissement de I'affaiblissement
2o
Léggnde
LS source lumineuse optique
TC1 cordon d’injection
ECA1 cordon d’injection de I'équipement
C cablage en essai
EC2 cordon de réception de I’équipement
MP appareil de mesure de la puissance
1, 2,3 jeux de connecteurs
P, niveau de puissance mesuré

Figure 6 — Configuration D,=~:Début et fin de I’affaiblissement mesuré
dans la méthode d’essai de référence

La ¢onfiguration spécifique utilisée pour mesurer 'affaiblissement (c’est-a-dire A, B, C oy D)
défipit la méthode d’essai(ou les méthodes d’essai) qu'il convient d’appliquer (voif le
Tabjeau 2). La méthode de'mesure de référence (RTM) offre la meilleure exactitude de mespre.
D’ayitres méthodes d’essai (ATM) peuvent étre invoquées dans certaines circonstarlces
spégifiques ou par d*autres normes, mais leur exactitude de mesure apparait moins bonne
lorspu’elles sont comparées a la méthode d’essai de référence. Sauf accord contraire, pour la
résolution des_'itiges, la méthode d’essai de référence appropriée doit étre utilisée
conjointement’avec les terminaisons de classe de référence et les adaptateurs applicables,
comme décfit)en 6.3, 6.4, 6.5 et 6.10.
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Tableau 2 — Méthodes et configuration des essais
Configuration RTM ATM
A Annexe A (1 cordon) Annexe B (3 cordons)?, Annexe C
(2cordons), Annexe E (OTDR)
Annexe B (3 cordons) Annexe E (OTDR)
Annexe C (2 cordons) Annexe B (3 cordons), Annexe E (OTDR)
D Annexe D (cordon d’équipement) Annexe B (3 cordons), Annexe E (OTDR)

NOTE Ces configurations,

gé

a

eralement avec les differentes configurations.

Si des connecteurs de type broché/non broché ou fiche/embase sont utilisés (MTRJ, SG ou,'d aut
connecteurs pour environnement hostile, par exemple) et si I'appareil de mesure de la puissancenacce
pas le connecteur non broché ou la fiche du cordon d’injection, la méthode représentée a la Eigure C.3 p
étre utilisée.

Si des informations sur les composants discrets installés a I'intérieur du cablage en._essai sont exigg
I’Annexe E présente la seule de ces méthodes d’essai a fournir ces informations.

les RTM et les annexes sont indiquées dans l'ordre des fréquences rencontrées

res
pte
eut

4.2

N’importe laquelle des configurations de cablage décrites¥en 4.2.1 peut étre mesurég
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2 Configurations de cablage et méthodes d’essai applicables pour les mesures

de I’affaiblissement de réflexion optique

sant 'une des trois méthodes d’essai par ORL définies a I’Annexe E, a I'Annexe F
hexe G.

néthode d’essai par ORL d’un OTDR décrite alArticle E.5 n’exige pas de réaliser de mes
éférence séparée et est la moins sujettecaux erreurs de mesure. Quand le cablage

ebut et la fin de la mesure par ORL comme cela est représenté a la Figure E.5.

méthodes d’essai par ORL a ondes-continues décrites a I’Annexe F et a ’Annexe G off

e terrain, car elle utilise la méme source lumineuse optique et le méme appareil de meg
A puissance. Des précautions particuliéres doivent étre prises si un cable court (< 10
soumis aux essais aviec'un connecteur PC (sans angle) a I'extrémité éloignée. S
hecteur est laissé oquvert, la réflexion indésirable sur cette interface verre/air domin
ité de 'ORL. C’est-pourquoi I'utilisation d’un cordon de fin avec une connexion PC a
2mité et une connexion APC a l'autre extrémité (voir la Figure F.1) permet de supprime
xion verre/air teut en fournissant une contribution d’une réflectance représentative de
paire de connecteurs a I'extrémité éloignée du systéme.

néthoded’essai de mesure par ORL a ondes continues (CW), telle que décrite a I’Annexs
omprénd pas de mesure directe de la puissance émise entrant dans le systéme soum

en
et a

14

ure
est

Mis a un essai en utilisant des cordons d’injection et de fin appropriés, il est aisé de définir

rent

noyen de mesurer 'ORL. La méthode décrite a ’Annexe G est plus applicable aux mesuyres

ure
km)

ce
P |a
une
rla
Duis

e G,
is a

hiyef exige des mesures de référence sur les terminaisons de réflectance connue.

5

5.1

Vue d’ensemble des incertitudes pour les mesures de I’affaiblissement

Généralités

Il convient de déterminer les incertitudes de mesure en utilisant le calcul présenté dans
'EC TR 61282-14.

Méme si une feuille de calcul est fournie, le calcul complet des incertitudes de mesure est
relativement complexe compte tenu du grand nombre de paramétres a prendre en compte. Les
paragraphes 5.2 a 5.8 sont une alternative a ce calcul.
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5.2

Sources d’incertitudes significatives

- 115 -

Pour les conditions types, les calculs effectués sur la base de I'l|EC TR 61282-14 indiquent que
les sources d’incertitudes significatives sont limitées a celles induites par l'instabilité de la
source, la méthode de mesure et la reproductibilité de I'accouplement des connecteurs.

Les autres sources d’incertitudes, telles que la longueur d’'onde de la source, la résolution de
mesure, la linéarité de I'appareil de mesure de la puissance, sont moins significatives et n’ont
pas de répercussion sur les mesurages, car le cumul des incertitudes est une somme

quadratique.

5.3

Il cpnvient que le détecteur de I'appareil de mesure de la puissance (MP) soit suffisam

Prise en compte de I’appareil de mesure de la puissance

ent

gramd pour capter la totalité de la lumiére incidente. De cette fagon, I'affaiblissemenf et
I'indertitude associée a I'accouplement du cordon de réception a I'appareil de.mesure de la
puigsance sont minimaux.

5.4

5.4 Généralités

Facteurs a prendre en compte pour la classe de cordon et de'¢onnecteur d’essai

L’affaiblissement et la réflectance associés aux connexions du cordon d’essai peuvent gtre
differents de l'affaiblissement et de la réflectance présents*lorsque le cablage est connec}é a
d’aytres cordons ou a un autre équipement de transmisgion. L’utilisation de terminaisong de

clagse de référence sur

les cordons d’essai

diminue cette

incertitude et améliorg la

reprjoductibilité de la mesure, mais I'affectation d’uniaffaiblissement acceptable est différente,
conformément a la liste donnée dans le Tableau H.1.

Les|cordons d’essai peuvent étre de classe de référence ou de classe normale, de sorte [que
deuk conditions de mesure différentes doivent étre étudiées. L'utilisation de connecteurg de
clagse de référence sur des cordons d’essai réduit I'incertitude de mesure, mais modifie| les
limiles d’essai qu’il convient d’appliquér lorsqu’une évaluation de type réussite ou échec|est
exigée, alors que l'utilisation de conhecteurs de classe normale implique une incertitudg de

megqure beaucoup plus élevée, quidépasse parfois la mesure réelle de I'affaiblissement
le Tbleau 3 et I’Annexe H) bien*qu’aucun ajustement des limites d’essai ne soit nécessairg.

Tableau 3 — Ajustement de la limite d’essai et incertitude relative
a’la classe de connecteur du cordon d’essai

Voir

Classe de terminaison
des cordons’d’essai

Classe de terminaison
du cablage et des
cordons d’équipement

Ajustement de la limite
d’essai

Incertitude totale

Cc

dsse deéférence SM

Classe normale SM

Une limite d’essai
inférieure est exigée pour
la plupart des mesures,

y compris la méthode de

Peut étre estimée en
utilisant les valeurs pa
défaut de

I'lEC TR 61282-14

reféerence a cordon
d’essai unique et I'essai
par OTDR. Toutefois, la
méthode de référence

a 3 cordons d’essai exige
une limite d’essai plus
élevée. Voir ’Annexe H
pour plus de détails et
d’exemples.

Classe normale SM

Classe normale SM

Néant

Les valeurs d’incertitude
sont supérieures aux
valeurs estimées en
utilisant les valeurs par
défaut de

I'lEC TR 61282-14 (voir le
Tableau 4)
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5.4.2 Variation du diamétre de champ de mode

Si les interfaces d’essai utilisent des fibres dont les diametres de champ de mode présentent
une différence importante, un affaiblissement supplémentaire peut étre introduit qui va affecter
I'’exactitude de mesure. Les normes d’interface optique développées pour les fibres unimodales
donnent des détails sur I'affaiblissement introduit par des différences de diamétre de champ de
mode (voir par exemple I'lEC 61755-2-1 pour les interfaces sans angle et I'|EC 61755-2-2 pour
les interfaces avec angle de 8 degrés).

5.5 Réflexions sur d’autres interfaces

inteffaces peuvent constituer une cause importante d’incertitude de mesure, en particulier'gour
la méthode des ondes entretenues. Il est important de configurer le cablage en éssai pour
supprimer les réflexions indésirables. Par exemple, pendant I’essai d’'un cable courtyxil convjient
de ¢oupler un cordon d’essai a I'extrémité éloignée du cablage en essai avec(un’connecteur
avef angle a I’extrémité distante du cordon d’essai. En régle générale, I'interface-de connecfeur
du montage d’essai pour I'affaiblissement de réflexion est un connecteur avee angle.

Perldant les mesures de l'affaiblissement de réflexion optique, des réflexions sur d’aufres

Pour la méthode de mesure de I'affaiblissement de réflexion par OTDR; T'utilisation de cordons
d’injection et de cordons de fin de longueur appropriée permet d’éliminer I’effet des réflexions
indgsirables.

5.6| Source optique
Les|sources d’incertitude suivantes sont pertinentes pour les mesures de I'affaiblissement:

— |ongueur d’onde de la source lumineuse optigué, car I'affaiblissement de la fibre peut Etre
gifférent & la longueur d’onde de la source et @'a longueur d’'onde de I'émetteur du systé¢me
e cablage;

— |argeur spectrale de la source lumineuse optique, car des sources lumineuses optiqués a
spectre plus large peuvent mesurer différentes valeurs d’affaiblissement des fibres que les
sources lumineuses optiques a spectre plus étroit, alors que les sources optiques ayantjune
argeur spectrale trop étroite~peuvent introduire des effets d’'interférence cohérénts
ndésirables.

5.7| Référence de puissance de sortie

Pour les méthodes utilisant une source lumineuse optique et un appareil de mesure dg la
puigsance (LSPM), une des principales sources d’incertitude est le rendement du couplage
varipble entre la saurce lumineuse optique et le cordon d’injection, compte tenu des tolérances
médaniques. Pourréduire le plus possible cette incertitude, il convient d’effectuer un releve de
la puissance ‘de-référence a chaque fois que la connexion est perturbée par une contr;ﬁnte
exefcée sunrle connecteur ou par une déconnexion.

Po
pui
Il convient d’effectuer cette mesure a chaque fois que le cordon d’injection est relié a la source,
car le couplage peut étre légérement différent a chaque fois qu’il est effectué.

r-d€s méthodes LSPM, une mesure de référence doit étre réalisée pour détermin

5.8 Mesures bidirectionnelles

Pour les méthodes LSPM de mesure de I'affaiblissement, il convient que les résultats d’essai
de chaque extrémité du cablage soient trés semblables. Une bonne pratique pour évaluer la
validité des résultats de mesure consiste a comparer les résultats de mesure de chaque
extrémité et a s’assurer qu’ils sont dans les limites d’'une certaine tolérance (0,5 dB, par
exemple) I'un de l'autre, en veillant a n’introduire aucune incertitude supplémentaire en raison
d’erreurs de mesure.
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5.9 Incertitudes types pour les méthodes d’affaiblissement A, B, C et D

Les incertitudes types relatives aux mesures d’affaiblissement sont présentées dans le
Tableau 4. Ces valeurs ont été calculées en utilisant 'lEC TR 61282-14, en prenant pour
hypothése les conditions suivantes:

MP: utilisation du méme photodétecteur dans I'appareil de mesure de la puissance pour
mesurer la puissance de référence et la puissance d’affaiblissement; la polarité de la
mesure de référence est la méme que celle du cablage soumis a essai;

longueur d’onde centroidale de la source (voir I'lEC 61280-1-3): 1310 nm et
1850 nm + 30 nm -

niveau de la source: 2 -7 dBm (0,2 mW);
stabilité de la source: £0,10 dB (k = 2);
ibres optiques: catégories B-652 et B-657 de I'|EC 60793-2-50;

connecteurs PC de classe de référence R2: affaiblissement < 0,2 “dB, référgnce
EC 61755-2-4;

reproductibilité de la connexion: 0,05 dB.

NOTE Au moment de la rédaction du présent document, il était prévu que la désignation "R2" pour les connecfeurs
de classe de référence pour fibres unimodales avec un affaiblissement de 0,2 'dB soit remplacée par une nouyelle
designation "R, ," dans la future Edition 2 de I'lEC 61755-2-4, qui soit ¢galement appelée "Rs1-Grade 2" dans

I'Edifion 3 de I'ISO/IEC 14763-3".

1

Troisieme édition en préparation. Stade au moment de la publication: ISO/IEC FDIS 14763-3:2024.
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Tableau 4 - Incertitude pour une longueur et un affaiblissement de fibre donnés
a1310 nm, 1550 nmet1 625 nm

Valeurs d’incertitude a 95 % a1 310 nm

Distance | Affaiblis- | Désignation Désignation | 1 cordon | 2 cordons 3 cordons Cordon
sement IEEE 802.3 de type d’équi-
selon ’'UIT pement
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 4,0 FR 0,33 0,39 0,44 0,16
5,0 4,8 0,36 0,42 0,46 0,22
0,0 6,3 LR 0,46 0,50 0,54 0,35
0,0 11,0 S 0,72 0,75 0,78 0,66
40,0 18,0 ER 1,33 1,35 1,36 1,30
Valeurs d’incertitude a 95,%a 1 550 nm?
Digtance | Affaiblis- | Désignation Désignation | 1 cordon | 2 cordons 3.cordons Cordorn
sement IEEE 802.3 de type d’équi-
selon ’UIT pemen
km dB dB dB dB dB
0,5 3,0 DR 0,32 0,38 0,44 0,14
2,0 2,5 FR 0,32 0,38 0,44 0,14
5,0 3,3 0,33 0,38 0,44 0,14
0,0 4,5 LR 0,83 0,39 0,44 0,15
0,0 7,0 I 0,34 0,40 0,45 0,18
40,0 11,0 ER S 0,39 0,44 0,48 0,25
0,0 22,0 ZR L 0,53 0,57 0,60 0,44
1]20,0 33,0 OIF 400ZR U 0,70 0,73 0,76 0,64
Valeurs d’incertitude 3 95 % a1 625 nmP
Digtance | Affaiblis- | Désignation Désignation | 1 cordon | 2 cordons 3 cordons Cordor
sement IEEE 802(3 de type d’équi-
selon ’UIT pemen
km dB dB dB dB dB
0,0 24,4 ZR 1,75 1,77 1,78 1,73
1j20,0 36,6 OIF 400ZR U 2,61 2,61 2,62 2,59
Valeurs d’incertitude a 95 % a 1 625 nmP £ 15 nm
Digtance [\ 'Affaiblis | Désignation | Désignation | 1 cordon | 2 cordons 3 cordons Cordor
sement IEEE 802.3 de type d’équipeme
selon IPUIT nt
km dB dB dB dB dB
80,0 24,4 ZR L 0,92 0,94 0,97 0,87
120,0 36,6 OIF 400ZR u 1,33 1,35 1,36 1,30

Si I'incertitude est supérieure a I'affaiblissement mesuré, la valeur mesurée peut étre sans signification. Dans ce
cas, il est recommandé de remplacer la valeur mesurée par la valeur de l'incertitude.

a8 Bien que les applications de I'lEEE ne fonctionnent pas a 1 550 nm sur de plus courtes distances, il est
recommandé de soumettre a essai le cablage a fibres unimodales a deux longueurs d’onde différentes
(généralement 1 310 nm et 1 550 nm) pour identifier les éventuels problémes avec les courbures de fibre. Il
est donc utile de connaitre I'incertitude de mesure a 1 550 nm.

De méme, pour les liaisons plus longues, il est recommandé de mesurer |'affaiblissement a une deuxiéme

longueur d’onde (1 625 nm, par exemple) méme si la plupart des systémes de transmission ne fonctionnent
pas a cette longueur d’onde.
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5.10 Valeurs d’incertitude type pour les essais d’affaiblissement des fibres
unimodales pour la méthode E

Les incertitudes types qui ont généré les valeurs du Tableau 5 ont été calculées en utilisant
I'IEC 61280-4-3, en prenant pour hypothése les conditions suivantes:

mesure bidirectionnelle, marge dynamique: > 5 dB (voir notes dans le Tableau 5);

OTDR, régression linéaire: 100 points de données (voir notes dans le Tableau 5);

longueur d’'onde centroidale de la source (voir I'I[EC 61280-1-3): 1 310 nm et
(1 550 £ 30) nm;

e fibres optiques: catégories B-652 et B-657 de I'lEC 60793-2-50;

e tonnecteurs APC de classe de référence R2: affaiblissement < 0,2 dB, <éférgnce
EC 61755-2-5.

e [eproductibilité de la connexion: 0,05 dB.

NOTE Au moment de la rédaction du présent document, il était prévu que la désignation "R2",pour les connecfeurs
de classe de référence pour fibres unimodales avec un affaiblissement de 0,2 dB soit remplacée par une nouyelle
deésignation "R, " dans la future Edition 2 de I'lEC 61755-2-5, qui soit également appelée "Rs1-Grade 2" dans

I'Edifion 3 de I'ISO/IEC 14763-3.

Tableau 5 - Incertitude pour une longueur de fibre donnée
a1310 nm et 1 550 nm par OFDR

Valeurs d’incertitude a 95%

Longueur Affaiblissement a Incertitude a Affaiblissement a Incertitude a
1310 nm 1310 nm 1550 nm 1550 nm
km dB dB dB dB
0,5 3,0 0,44 3,0 0,43
2,0 4,0 0,45 2,5 0,43
5,0 4,8 0,47 3,3 0,43
10,0 6,3 0,55 4,5 0,43
40,0 11,0 1,39 7,0 0,50
80,0 18,0 2,63 11,0 0,61

Les longueurs des cordons-d’injection et de fin ont été définies a 500 m pour les longueurs allant de 0,5 kn
10 km, ce qui a conduit.a une longueur de régression linéaire de 250 m (100 points). L’affaiblissemen
hssocié permet une marge dynamique suffisante a 10 dB dans ces deux cas.

A\ 40 km, la longueur‘de régression linéaire était de 500 m et 100 points, en utilisant des cordons d’injection
bt de fin de 1.000'm de longueur. Toutefois, la marge dynamique a été réduite a 5 dB.

'incertitude Jde la longueur d’onde de la source (par hypothése de 30 nm) a des répercussions sur leg
incertitudes d’affaiblissement pour des longueurs de 40 km et 80 km a une longueur d’onde de 1 310 nm
Le fait de' ramener cette incertitude de 30 nm a 20 nm réduirait les incertitudes d’affaiblissement a 1 310 nn
respectivement 1,00 dB et 1,80 dB.

6 Appareillage

6.1 Généralités

L’Annexe A et ’Annexe E donnent les exigences relatives aux appareillages spécifiques a des
méthodes particulieres. Certaines des exigences communes aux méthodes LSPM sont décrites
de 6.2 2 6.10.
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6.2 Source lumineuse optique
6.2.1 Stabilité

Les performances de la source lumineuse optique sont évaluées a la sortie du cordon
d’injection, en transmettant dans le cordon d’injection la sortie d’'une source de rayonnement
adaptée, généralement un laser. La source doit étre stable en ce qui concerne la position, la
longueur d’onde et la puissance pendant toute la durée de la procédure de mesure.

Il est recommandé de vérifier la stabilité de la source en répétant la mesure de référence a la
fin de la procédure de mesure. Il convient qu’elle reste dans certaines limites de tolérance de
la valeur de référence initiale. Il convient que la stabilité de puissance soit d’au moins +0,10|dB.

6.2 Caractéristiques spectrales

Il cpnvient que les longueurs d’onde utilisées pour la mesure de I'affaiblissement sojient
repiésentatives des longueurs d’onde sur lesquelles les systémesde’ transmisgion
fongtionnent. Pour le cablage de batiments et dans beaucoup d’autres .applications, cgtte
megure est effectuée a des longueurs d’onde nominales de 1 310 nm et 1*550 nm.

Si d'autres longueurs d’onde sont a utiliser pour la transmission, des‘fongueurs d’onde d’efsai
supplémentaires peuvent également étre exigées. Par exemple, si’des applications de DWDM
utilisant la bande L (1 565 nm a 1 625 nm) doivent étre utiliségs;-il est recommandé de proceder
égajement aux essais a 1 625 nm. Si un réseau optique passif pour FTTH est soumis [aux
essfis, des essais a 1 490 nm peuvent étre exigés.

Si lg¢ cablage en essai est utilisé pour des systémes , CWDM qui couvrent une plage étendug de
longueurs d’onde, alors soit il convient de soumetire le céblage a essai a chaque longueur
d’onde individuellement, soit une mesure de I'affaiblissement spectral peut étre effectuée pour
couyrir toute la plage de longueurs d’onde considérée en utilisant une source lumineuse optique
a large bande appropriée et un analyseur*de spectre optique, au lieu de la source luminguse
optigue et de I'appareil de mesure de la-puissance. Voir Annexe K pour plus d’informations.

Il egt recommandé de procéder aux)essais par OTDR sur un cablage unimodal en utilisant au
moiphs deux longueurs d’onde. Cela permet d’identifier 'affaiblissement di a la courbure de la
fibr¢ en comparant les traces.aux deux longueurs d’onde. Pour de plus amples informations|sur
la mesure de I'affaiblissement par courbure, voir 1.4.2. Souvent, les longueurs d’'onde nominales
utilisées sont 1 310 nmyet-1 550 nm pour des chemins plus courts (< 40 km) ou 1 550 nm et
1 625 nm pour des chemins plus longs. Les mesurages a une longueur d’onde de 1 650 jnm,
qui [est parfois utilisée pour des canaux de maintenance, sont également trés efficaces pour

Si l¢ cablage en essai inclut des éléments a Iongueurs d’onde sélectives (des dispositifs WPM,

En varlante la réponse spectrale du systeme peut etre evaluee en utlllsant une source
lumineuse optique a large bande et un analyseur de spectre optique en utilisant la procédure
décrite a I'’Annexe K.

Pour les mesurages LSPM, la largeur spectrale de la source lumineuse optique unimodale doit
satisfaire aux exigences du Tableau 6, lorsqu’'elle est mesurée conformément a
I'lEC 61280-1-3.
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Tableau 6 — Exigences spectrales

Longueur d’onde centroidale Plage de largeurs spectrales
nm nm
1310 £ 30 (sur des fibres B-652 et < 5 (valeur efficace) pour la diode laser
B-657)

< 40 (valeur efficace) pour une LED a
émission latérale

1 550 £ 30 (sur des fibres B-652 et < 5 (valeur efficace) pour la diode laser
B-657

) < 40 (valeur efficace) pour une LED a
amission latérale

6.3

A I'¢xception de la méthode par OTDR, le cordon d’injection doit avoir une longueur de 2
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La terminaisen d’'un cordon de réception au niveau de la connexion avec I'appareil de meq

de |

Cordon d’injection

h. Pour la longueur du cordon d’injection OTDR, voir I’Annexe E.

connecteur ou l'adaptateur terminant le cordon d’injection doit @tre compatible ave

rence pour réduire le plus possible I'incertitude des résultats ‘de mesure.

aille de cceur nominale de la fibre optique qui compose’ le cordon d’injection doit
tique a celle qui compose le cablage en essai.

on d’injection unimodal sont appelées B-652.et B-657 dans I'lEC 60793-2-50.

Cordon de réception ou de fin

pille de cceur nominale de la fibre optique qui compose le cordon de réception ou de fin
identique a celle qui compose le¢cablage en essai.

pngueur minimale du cordor-de réception doit étre de 2 m, mais il convient qu’elle ne
trop importante pour éviter que I'affaiblissement de la fibre ait un effet significatif su
urage (moins de 10 m,‘par exemple).

onnecteur ou I'adaptateur terminant les cordons de réception ou de fin doit étre compat
C le cablage et ib convient que la terminaison soit de classe de référence pour réduir
possible I'incertitude des résultats de mesure.

B puissance doit é&tre compatible avec celle de I'appareil de mesure de la puissance.

m a

age (type d’extrémité, par exemple) et il convient que la terminaison soit de classq de

ptre

fibres optiques unimodales prises en charge par‘le présent document et utilisées dans le

doit

soit
rle

ible
e le

ure

Si un essai unidirectionnel est effectué, aucune exigence relative a Ta terminaison de classe de
référence n’est exigée pour I’extrémité distante du cordon de fin utilisé pour I'essai par OTDR.
Si un essai par OTDR bidirectionnel est effectué, le cordon de fin devient le cordon d’injection
(voir ’'Annexe |) et doit étre conforme au 6.3.

6.5

Cordon de remplacement

La taille de coeur nominale de la fibre optique qui compose le cordon de remplacement doit étre
identique a celle qui compose le cablage en essai.

La longueur minimale du cordon de remplacement doit étre de 2 m, sans étre trop importante
pour éviter que I'affaiblissement de la fibre ait un effet significatif sur le mesurage (moins de
10 m, par exemple).
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Les connecteurs ou les adaptateurs terminant le cordon de remplacement doivent étre
compatibles avec le cablage et il convient que les terminaisons soient de classe de référence
pour réduire le plus possible I'incertitude des résultats de mesure.

6.6 Appareil de mesure de la puissance — Méthodes LSPM seulement

L’appareil de mesure de la puissance doit étre capable de mesurer la plage exigée de niveaux
de puissance a des longueurs d’'onde normalement associée au cablage, ce qui inclut les
considérations relatives a la puissance injectée dans le cablage. L’appareil de mesure de la
puissance doit satisfaire aux exigences d’étalonnage de I'l[EC 61315. Les dimensions de la
surface de détection de 'appareil de mesure de la puissance doivent étre suffisantes pour
capger toute la puissance provenant de la fibre a laquelle il est connecté. Si une fibre amorce
est utilisée, elle doit étre suffisamment grande pour recueillir toute la puissance provenanf du
cordon d’essai.

6.7 Matériel OTDR

La figure 7 donne une représentation schématique d’'un appareillage OTIDR"typique, ave¢ un
seu| point de liaison. L’'OTDR doit satisfaire aux exigences d’étalonnage de I'lEC 6174p-1.
L’Amnexe E donne des exigences plus détaillées relatives a la longueur du cordon d’injection
et a|d’autres aspects associés au mesurage par OTDR.

E PC LD (O} ;
> TLH¥2
| CaFe
vl AC APD
= L

------------------------------------------------------------------------------------------- IEC

Léggnde

PG générateur d’impulsions

LD diode laser

(O répartiteur optique

FC connecteur en face avant
APD photodiode @ avalanche

AC amplificatetr et convertisseur
SP processeur de signal

CD commande et affichage

Figure 7 — Représentation schématique d’un OTDR typique

6.8 Montage d’essai pour I’affaiblissement de réflexion

Un montage d’essai pour I'affaiblissement de réflexion comporte généralement une ou plusieurs
sources laser stabilisées. Comme le montre la Figure 8, la sortie de la source traverse un
coupleur directif vers 'accés de sortie du RLTS qu’il convient d’équiper d’une connexion de
basse réflectance. Il convient que sa réflectance soit inférieure a 10 dB par rapport a 'ORL du
cablage en essai. Une interface de connecteur avec angle permet généralement d’atteindre
cette valeur. L’autre branche du coupleur directif renvoie la lumiére réfléchie dans I'appareil de
mesure de la puissance interne (P4 dans la Figure 8). Un deuxiéme appareil de mesure de la

puissance (P, a la Figure 8 a)) avec une interface de connecteur externe est également
souvent installé pour mesurer le niveau de puissance qui est délivré au cablage en essai.
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D’autres configurations sont possibles sans le deuxiéme appareil de mesure de la puissance
(voir la Figure 8 b)), a condition de calculer la puissance d’entrée du cablage en essai a partir
de la mesure d'une réflectance connue ou d’utiliser un deuxiéme montage d’essai pour
I’affaiblissement de réflexion pour mesurer I’entrée de puissance dans le cablage soumis a
essai, a condition de pouvoir étalonner I'affaiblissement traversant I'interface du connecteur et
le coupleur directif.

Dans une configuration de mesure typique, telle que celle qui est représentée, il est exigé que
des cordons d’essai servent d’interface avec le cablage en essai et suppriment les réflexions
indésirables en utilisant des connecteurs polis avec angle.

Montage d'essai pour

I'affaiblissement de réflexion Cablage en essai
Cordon Pin P L L L LT L T L T T T T T T e TS Cordonr
Sources d'essai 1 » : d'essai, 2
lumineuses y o H et f
optiques S P p— - _ h il "
Paire de ¢ Paire de Pairede : Connegteur
pparei, de connectetirs P, iconnecteurs connecteurs: avec afgle
puissance avec angle :
............................................................. \
Pri i
Appareil
de mesure de
P la puissance 2
m2 P IEC
a) Avec un deuxiéme appareil de mesure de la puissance interne
Montage d'essai pour
I'affaiblissement de réflexion Cablage en essai
- Cordon Pin remensannnnnay Aaiu s ransnnanannnnnnsnssnnnnnnnnnannns . Cordon
Sources d'essai 1 R - : d'essai 2
Gumineuses L - T D - N
optiques Paire de < ! Pairede Paire de : Connegteur
connecteurs P iconnecteurs connecteurs: avec afgle
avec angle I : .

Appareil de
m1 mesure de la
puissance 1

IEC

b) Sans-deuxiéme appareil de mesure de la puissance interne

Figure 8 — Présentation d’un montage d’essai pour I’affaiblissement de réflexion

6.9| Equipenient de nettoyage et examen de I’extrémité des connecteurs

L’équipement’ de nettoyage (incluant I'appareillage, les matiéres et les substances) et|les
méthodés;de nettoyage a utiliser doivent étre conformes a I'lEC TR 62627-01. Les instructfons
des| fabricants de connecteurs doivent étre consultées lorsqu’il existe un doute concerpant
Fadk ) ] . L , L

Un microscope compatible avec la méthode a faible résolution de I'lEC 61300-3-35 est exigé
pour vérifier que les faces d’extrémité de la fibre et des connecteurs des cordons d’essai sont
propres et ne sont pas endommagées. Des microscopes équipés d’adaptateurs compatibles
avec les connecteurs utilisés sont exigés.

L’utilisation d’'un microscope vidéo est recommandée pour éviter tout risque de visualisation
directe des extrémités de fibres alimentées.
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6.10 Adaptateurs
Le cas échéant, les adaptateurs doivent étre compatibles avec le modéle de connecteur utilisé
et ils doivent permettre d’obtenir les performances exigées des terminaisons de la classe de

référence. Pour les connecteurs a férule cylindrique, il convient d’utiliser des manchons en
céramique zircone contenus dans I’adaptateur.

7 Procédures

7.1 Généralités

Les| exigences relatives aux procédures spécifiques a des méthodes particulieres-s$ont
présentées de I’Annexe A a ’Annexe G.

Les|méthodes LSPM exigent d’effectuer une mesure de référence avant de mesurer le cablage.
Il cqnvient d’évaluer les équipements avant de commencer ’essai, afin de vgrifier la fréquence
a laquelle il convient d’effectuer les mesures de référence. Il convient |généralement de
pro¢éder a un nouveau mesurage de référence avant que I'appareil ne dérive de plus de 0,1 dB
(voif la stabilité en 6.2.1). L’environnement d’essai (en particulier lajtempérature) peut ayvoir

une|influence sur la fréquence d’'un nouveau référencement.

Laigser un laps de temps suffisant pour que la source/Jumineuse optique se stabl|lise
conformément aux recommandations du fabricant.

7.2 Procédures communes
7.2 Précautions relatives aux cordons d’essai

Les| connecteurs des cordons d’essai dojyent étre examinés selon les procédures| de
'IEC 61300-3-35. Les extrémités des connecteurs doivent étre exemptes de contaminaftion
(pan exemple, poussieres et salissures)\ et doivent satisfaire aux exigences des tablgaux
applicables de [I'l[EC 61300-3-35. En’ présence de contamination, les extrémités |des
conpecteurs doivent étre nettoyées_én utilisant I’équipement et les méthodes décrits en 6.9.

NOTE Les exigences en matiere decqualité des extrémités des connecteurs dépendent soit des spécificationq des
connlecteurs, soit des exigences de‘performance du systéme de communication par fibres optiques, soit des dgqux a
la fols.

Lorgque les cordons-dessai ne sont pas utilisés, il convient de les protéger contrefles
donmmages accidentels en bouchant les extrémités des connecteurs et en rangeant les cordons
sang les vriller dans“des bobines d’un diamétre supérieur a leur diameétre de courbure minimal.

Avant le début des essais, vérifier les performances optiques de tous les cordons d’esspi a
utiliser conformément aux procédures de ’Annexe J.

7.2,

La puissance de sortie du cordon d’injection doit étre mesurée pour chaque longueur d’onde
d’essai et étre enregistrée dans un format approprié.

Concernant les mesures par OCWR, d’autres niveaux de puissance de référence doivent étre
relevés et enregistrés selon les exigences de la méthode d’essai utilisée (voir 'Annexe F et
I’Annexe G pour plus de détails).
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3 Examen et nettoyage des extrémités des fibres du cablage

Les connecteurs sur des installations de cablage doivent étre inspectés en suivant les
procédures de I'lEC 61300-3-35. lIs doivent étre exempts de contamination (par exemple,
poussieres et salissures). En présence de contamination, les extrémités des connecteurs
doivent étre nettoyées en utilisant I'équipement et les méthodes décrits en 6.9, puis de nouveau

exa

minées.

NOTE Les exigences en matiere de qualité des extrémités des connecteurs dépendent soit des spécifications des
connecteurs, soit des exigences de performance du systeme de communication par fibres optiques, soit des deux a

la fo

7.2,

is.

|4 Réalisation des mesures

Comme cela est défini de I’Annexe A a ’Annexe G, les mesures de |'affaiblissement ettdes (
entrent dans le cadre d’un processus itératif pour chaque fibre du cadblage comprenant:

a fixation de chacune des fibres aux cordons d’injection et de réception, ou'de fin;
‘exécution du mesurage a chaque longueur d’onde;

a mémorisation ou I'enregistrement des résultats.

Pour les méthodes LSPM, soit 'appareil de mesure de la puissafce et le cordon de récep|

son

déplacés a I'extrémité éloignée du cablage, soit un deuxiéme appareil de mesure d

puigsance et un deuxiéme cordon de réception peuvent étreldtilisés a I'extrémité éloignée.

7.25 Réalisation des calculs

Effgctuer les calculs pour déterminer la différence efitre la mesure de référence et les mesr:tres
d’edsai, et consigner le résultat final, conjointement avec d’autres informations, conformé

a I’Article 9.

7.3| Etalonnage

Les

appareils de mesure de la~puissance et I'équipement de I'OTDR doivent

respectivement étalonnés conformément a I'lEC 61315 et a I'lEC 61746-1.

L’éd

app

7.4

Tou

icable pendant la période au cours de laquelle I’essai est effectué.

Sécurité

S les essais réalisés sur des systémes de communications a fibres optiques ou

emploient un\faser dans un montage d’essai doivent étre réalisés selon les précautions

sec

8

irité indiquées dans I'lEC 60825-2.

DRL

tion
e la

ent

Btre

uipement utilisé doit avoir-un certificat d’étalonnage valide conforme au systeme de qualité

qui
de

Caleuls

Pour chaque méthode, les calculs sont indiqués dans les annexes respectives.
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9 Documentation

9.1

Informations pour chaque essai

Les informations suivantes doivent étre consignées avec chaque essai:

a)
b)

procédure et méthode d’essai;

résultats de mesure incluant

soit 'affaiblissement, soit 'ORL, soit les deux (en dB)

wloc tracac Aa PAOTND (o Athoada Aor ATND nnn!

IEC 61280-4-2:2024 © |EC 2024

9.2

Les

oo
o OTTC o aCC o UtTroT o (MothoT oo o ToTy ooUu

1
lorsque des mesures bidirectionnelles ont été effect

c o}

la longueur d’onde (en nm);

le type de fibre;

I'’emplacement de la terminaison;
I'identifiant de la fibre;
I'identifiant du cable;

la date de I'essai.

Informations a fournir

informations suivantes doivent étre fournies avec chagqué essai:

o (létails des caractéristiques spectrales de la soureelumineuse optique;

e hiveau de puissance de référence (en dBm) (méthodes LSPM uniquement);

e fegistres d’étalonnage avec référence au matériel d’essai;

o (étails des cordons d’essai utilisés pour’les mesurages;

classe de performance des connecteurs de cordon d’essai (classe de référence

classe normale, par exemple);
classe de performance de,laXfibre dans les cordons d’essai (OSx, par exemple);

si la fibre dans les cordons d’essai présente le niveau de performance corresponda
des fibres a macrocpurbures améliorées;

la longueur des ¢ordons d’essai.

ons

ou
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Annexe A
(normative)

Méthode de référence a un seul cordon

Applicabilité de la méthode d’essai

La mesure par la méthode de référence par un seul cordon inclut I'affaiblissement des deux
connexions au cablage en essai. Il s’agit de la RTM pour le mesurage de l'installation céblée

de |

Cet
mes
extr

A.2

La
utili

La
cord
un
I’aff
I'es
I’aff

Cet
la p
utili
de |

Cet

B configuration A (voir 4.2).

e méthode a été rédigée pour le cas ou une seule fibre est mesurée a la fois. Si
urages bidirectionnels sont exigés, les procédures sont répétées par injection par I'a
emiteé.

Appareillage

source lumineuse optique, I'appareil de mesure de la puissancé et les cordons d'e
5és doivent satisfaire aux exigences spécifiées a I'Article 6,

néthode décrite a ’Annexe A est dite "méthode de référence a un seul cordon”, car un
on d’essai (le cordon d’injection) est utilisé pour la)mesure de référence. Cepend
euxieme cordon d’essai (le cordon de réception) est exigé pour la mesure

bai. Pour ce faire, connecter le cordon dexréception au cordon d’injection et mes
hiblissement de la connexion. Voir I’Annexé ' pour plus d’informations.

B puissance.

e méthode prend égalemént pour hypothése ce qui suit:

e connecteur de I'appareil de mesure de la puissance est compatible avec celui du cabl
bn essai auquel le<cordon d’injection est connecté. Le cas échéant, un adaptateur n’ajou
pas d’incertitude,de mesure supplémentaire peut étre relié a I'appareil de mesure d

’essai_maodifiées de maniére appropriée;

e cordon d’injection n’est pas déconnecté de la source lumineuse optique entre

des
utre

5sai

seul
ant,

hiblissement. Il convient de vérifier les performances des cordons d’essai avant le débuft de

urer

e méthode nécessite de relier directement le cordon d’injection a 'appareil de mesurg de
uissance pour la mesure de référence. Cela prend pour hypothése que les connecteurs
5és dans le cablage sont compatibles avec le connecteur utilisé dans I'appareil de mesure

ge
ant
B |a

buissance. Une autre méthode (Annexe B) peut étre utilisée a condition de reconngitre
‘augmentation de I'imprécision de mesure de cette autre méthode, et d’appliquer des limites

un

mesurage de référence et un mesurage d’essai. Si la conception de I'appareil d’essai ou la

de

bancention du cihlaae on assai rend una taolla dédconnexion-indvitable 'autrga mdét
P ) ; N

(Annexe B) peut étre utilisée, a condition de reconnaitre 'augmentation de I'imprécision de
mesure de cette autre méthode et d’appliquer des limites d’essai modifiées de maniére
appropriée.

A3

Procédure

a) Connecter la source lumineuse optique et I'appareil de mesure de la puissance en utilisant
le cordon d’injection (TC1), comme représenté a la Figure A.1.

b) Consigner la puissance optique mesurée, P4, qui est la mesure de puissance de référence.

c)

source lumineuse optique sans avoir effectué une nouvelle mesure de référence.

d) Connecter I'appareil de mesure de la puissance au cordon de réception (TC2).

Déconnecter I'appareil de mesure de la puissance de TC1. Ne pas déconnecter TC1 de la
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e) Connecter TC1 et TC2 au cablage en essai, comme représenté a la Figure A.2.
f) Consigner la puissance optique mesurée, P,, qui est la mesure de puissance d’essai.
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TC1

LS ZIS’J E \ B P MP

IEC

Légende
LS source lumineuse optique
TC1 cordon d’injection
MP appareil de mesure de la puissance
P, mesure de puissance de référence
Figure A.1 — Mesure de référence a un seul cordon
TC1 TC2
- ZIS’J@ \ =5 5= \ =1 MP
1 C 2
FC
Légende
LS source lumineuse optique
TCA1 cordon d’injection
C cablage en essai
TC2 cordon de réception
MP appareil de mesure\de la puissance
1,2 jeux de conpecteurs
P, mesure de\la puissance d’essai
NOTE Les terminaisons de classe de référence apparaissent en grisé.
Figure A.2 — Mesure d’essai a un seul cordon
A.4 Calcul
L’affaiblissement, 4, exprimé en dB, est donné par

ou

P, est la puissance de référence en unités linéaires (en W, par exemple);

P, est la puissance d’essai en unités linéaires (en W, par exemple).


https://iecnorm.com/api/?name=e0c7de0a5d0add154ab361ba0b3dbb8e

IEC 61280-4-2:2024 © |IEC 2024 - 129 -

A.5 Composantes de I’affaiblissement rapporté
Les éléments d’affaiblissement sont identifiés a la Figure A.1 et a la Figure A.2. lIs se

composent de l'affaiblissement du céblage, 4. et de deux valeurs d’affaiblissement des
connexions, 44 et 4,5, en dB. L’affaiblissement rapporté, 4, en dB, est donné par

A=Aq+ A3+ 4g (A.2)

Les|différences entre le résultat rapporté par cette méthode et les autres méthodes LSPM:$ont
décrites a ’Annexe H (voir le Tableau H.2).
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Annexe B
(normative)

Méthode de référence a trois cordons

Applicabilité de la méthode d’essai

024

La méthode de référence a trois cordons s’efforce d’exclure I'affaiblissement des deux
connexions au cablage en essai. Il s’agit de la RTM pour le mesurage de l'installation céblée

de
exte

I’Anhexe C.

Cet
mes
extr

B.2

La

utili
utili
pou
ava
réce
pou

B.3
a)

b)
c)

d)

e)

a configuration B (voir 4.2) et dans certains cas, ou comme I'exigent certaines nar
rnes, elle peut étre utilisée a la place des méthodes d’essai spécifiées a I'’Annexe A

e méthode a été rédigée pour le cas ou une seule fibre est mesurée a\a fois. Si
urages bidirectionnels sont exigés, les procédures sont répétées par injection par I'a
emité.

Appareillage

source lumineuse optique, 'appareil de mesure de la puissance et les cordons d'e
5és doivent satisfaire aux exigences spécifiées a I'Articlé 6. Trois cordons d’essai

5és. Les valeurs d’affaiblissement des connexions entre ces cordons sont détermina
I 'incertitude de la mesure. Il convient de vérifiefdes performances des cordons d’e
Nt le début de I'essai. Pour ce faire, connecter lescordon de remplacement et le cordor
ption au cordon d’injection et mesurer I'affaiblissement de la connexion. Voir ’Anne
I plus d’informations.

Procédure
Connecter le cordon d’injection (T.C1) et le cordon de réception (TC2) a la source lumine
pptique et a 'appareil de mesute de la puissance (voir la Figure B.1).

Connecter le cordon de remplacement (TC3) entre TC1 et TC2.

Consigner la puissanceloptique mesurée, P4, qui est la mesure de puissance de référe
Ne pas déconnecter\TC1 de la source lumineuse optique sans avoir effectué une nouv
mesure de référence.

reliés a TC{ et TC2), suivant les indications de la Figure B.2.
Consigner'la puissance optique mesurée, P,, qui est la mesure de puissance d’essai.

nes
et a

des
utre

5sai

sont

ntes
5sai
de
eld

use

nce.

elle

Remplacer lexcordon de remplacement par le cablage en essai (en laissant les adaptateurs
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