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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-47: Measurement methods and test procedures —
Macrobending loss

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatian compri
bll national electrotechnical committees (IEC National Committees). The object of IEC pis\to pron|
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical” Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter“referred to as

Publication(s)”). Their preparation is entrusted to technical committees; any IEC NationalkCommittee intere
n the subject dealt with may participate in this preparatory work. International) governmental and 1
jovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance, (with' conditions determined
pgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as hearly as possible, an internati
consensus of opinion on the relevant subjects since each technical (committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in ¢heir national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding national or regional publication shall be clearly indicat¢
he latter.

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

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

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

Attention is drawn_to_the Normative references cited in this publication. Use of the referenced publication
ndispensable for the correct application of this publication.

Attention is dfawn to the possibility that some of the elements of this IEC Publication may be the subjed
patent rights/1EC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60793-1-47 has been prepared by subcommittee 86A: Fibres and

cables, of IEC technical committee 86: Fibre optics.

This fourth edition cancels and replaces the third edition published in 2009. It constitutes a

technical revision.

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

edition:

a) former Annex A has been renumbered to Annex D;

b) introduction of new Annex A on the transmitted power mnnifnring technique;

¢) |introduction of Annex B on the cut-back technique;

d) |introduction of Annex C on the requirements for the optical source characteristics| of
A1 multimode measurement;
e) |introduction of Annex E on parallel plate (2-point) macrobend loss approximation.
The text of this International Standard is based on the following documents;
FDIS Report on voting
86A/1823/FDIS 86A/1828/RVD
Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.
This document has been drafted in accordance with/the ISO/IEC Directives, Part 2.
This standard is to be read in conjunction with IEC 60793-1-1:2017.
A l|st of all parts of IEC 60793 series, published under the general title Optical fibres, can|be
found on the IEC website.
The¢ committee has decided that the cantents of this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the| specific document. At this date; the document will be
e |reconfirmed,
e |withdrawn,
e |[replaced by a reyvised edition, or
e |amended.
IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that.<it contains colours which are considered to be useful for the correct
"‘;‘G‘GG s O TteNtTS- OSeTS STTOtTC TEeTeT0OTE 6" “"'-““ “G

colour printer.
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INTRODUCTION

Publications in the IEC 60793-1 series concern measurement methods and test procedures as
they apply to optical fibres.

Within the same series, several different areas are grouped, but all numbers are possibly not
used, as follows:

Parts 1-10 to 1-19: General
Parts 1-20 to 1-29: Measurement methods and test procedures for dimensions
Pafts 1-30 to 1-39: Measurement methods and test procedures for mechanical

characteristics

Pafts 1-40 to 1-49: Measurement methods and test procedures for transmisSion and
optical characteristics

Pafts 1-50 to 1-59: Measurement methods and test procedures for'|gnvironmental
characteristics
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OPTICAL FIBRES -

Part 1-47: Measurement methods and test procedures —
Macrobending loss

1 Scope

This part of IEC 60793 establishes uniform requirements for measuring the macrobend(ling

losp of single-mode fibres (category class B) at 1 550 nm or 1 625 nm, category A1 multim
fibnes at 850 nm or 1 300 nm, and category A3 and A4 multimode fibres at 650 nmy 850 nm
1 300 nm, thereby assisting in the inspection of fibres and cables for commercial purposes.

This document gives two methods for measuring macrobending sensitivity:

de
or

e |[Method A — Fibre winding, pertains to-categery class B single-mode.fibres and categpry

A1 multimode fibres.

e [Method B — Quarter circle bends, pertains to category A3 and A4 .multimode fibres.

Forf both of these methods,-the-optical power-is-measured-usipg-either the macrobending Ipss

can be measured utilizing general fibre attenuation techiniques, for example the poyer
mopitoring technique (see Annex A) or the cut-back technique (see Annex B). Methods A and

B are expected to produce different results if they aré)applied to the same fibre. This
beg¢ause the key difference between the two methods{ is the deployment, including the be

is
nd

radius and-ameunt length of fibre that is bent. Thereason for the difference is that A3 and|A4

multimode fibres are expected to be deployed in . short lengths with-relativehrfewer a sma|
nuber of bends per unit fiber length compared to single-mode and category A1 multimg
fibrles.

In this document, the "curvature radius" is defined as the radius of the suitable circd
shgped support (e.g. mandrel or guiding groove on a flat surface) on which the fibre can
bent.

In @ddition, informative Annex>E-has been added to approximate bend loss for class B sing
moyde fibres across a broadwavelength range at various effective bends.

2 | Normative references

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

IEQ 60¥93-1 (all parts), Optical fibres — Measurement methods and test procedures

ler
de

lar
be

le-

eir

on
ng

|[EC80793=1=120t7,Optical fibres = Part =1 Measurermermnt methrods and test procedures —

General and guidance

IEC 60793-2, Optical fibres — Part 2: Product specifications — General

IEC 60793-2-10, Optical fibres — Part 2-10: Product specifications — Sectional specification for

category A1 multimode fibres
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IEC 61280-1-4, Fibre optic communication subsystem test procedures — Part 1-4: General
communication subsystems — Light source encircled flux measurement method

IEC 61280-4-1, Fibre-optic communication subsystem test procedures — Part 4-1: Installed
cable plantaﬂd—#nks Multimode-fibre-optic-cable-plant attenuation measurement

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60793-2,
IEC 60793-1 (all parts) and IEC 60793-1-1 apply.

ISP and TEC maintain terminological databases for use in standardization at the followling
addresses:

o |IEC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

NOTE General definitions for fibres are provided in IEC 60793-2, definitions of the specified attributes |are
confained in the relevant test methods standard of IEC 60793-1 (all parts), and general definitions for testing|are
proyided in IEC 60793-1-1.

4 | Apparatus

4.1 Method A — Fibre winding

Thé apparatus consists of a tool (e.g. a mandrel or a guiding groove on a flat surface) ablg to
hold the sample bent with a radlus as stated in the approprlate optlcal fibre sectlonal product
spe cification DSS
the
&+
ing
| of
ipre

s,
the
the
surement results. Each) guide groove shall have a quarter circle segment (i.e. 90°)|as
Wn in Figure 1 The bend radius r, ie the radius of the quarter circle segment, shall

ermine #the macrobending loss at the wavelength as stated in the appropriate sectional
duct specification—{e-g—650-nm;—850-nrm—or14-300-nm) by using either the transmitted
ver. mohitoring technique (methed-A-oflEC B80793-1-46 Annex A) or the cut-back technique
pthod-A-of IEC 60793-1-40 Annex B), taking care of the appropriate launch condition for fhe
specific fibretype:
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Guide groove

Bend
radius

Figure 1 — Quarter circle guide groove in-plate

4.3 Input system
4.31 Optical source

Usg a suitable radiation source, such as a lamp, laser @r'light emitting diode. The choicq of

soyrce depends upon the type of measurement. e source shall be stable in positi
int¢nsity and wavelength over a time period suffigiently long to complete the measurem

pn,
ent

prdcedure. Specify the spectral line width (betwéen the 50 % optical intensity power pointg of

thel sources used) such that the line width is @arrow, for example less than 10 nm, compa
with any features of the fibre spectral attépuation. Align the fibre to the launch cone,

connect it coaxially to a launch fibre.

4.3.2 Optical launch arrangement
4.3.2.1 General

Figure 2 shows the general daunch arrangement used for all fibres. Apply the appropri
laupch arrangement to produce a full or restricted launch, depending on the parameter be

Fed
or

pte
ing

mejasured. See 4.3.2.3 t0~4.3.2.4 for further details as they apply to specific categorieq of

single-mode and multimode fibres.

LED/laser

/ 7 7 7
Mode

|

|

|

I

|

|

1 Cladding mode

! scrambler I stripper

| Lamp |

1 | _>

: ===~ ; Mode filt L h

~ ode filter aunc

< P —

1 - _-

I ~\L- |

|  — Lens 1

— - ————— — A IEC

Figure 2 — General launch arrangement
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4.3.2.2 Launch arrangement for single-mode fibres
4.3.2.21 General

An optical lens system or fibre pigtail may be employed to excite the test fibre. The power
coupled into the fibre shall be stable for the duration of the measurement (see Figure A.1 or
Figure B.1).

4.3.2.2.2 Fibre pigtail

If using a pigtail, it may be necessary to use index-matching material between the source
pigtail and test fibre to eliminate interference effects.

4.3.2.2.3 Optical lens system

N\

If ysing an optical lens system, provide a means of stably supporting the input e%}df the
fibe, such as a vacuum chuck. Mount this support on a positioning device so th@t e fipre
end can be repeatedly positioned in the input beam. A method of making the poﬁmning of the
fibe less sensitive is to overfill the fibre end spatially and angularly. /\

4.32.2.4  High-order mode filter M
Us¢ a method to remove high-order propagating modes in the wavelenrgh range of interest
Anlexample of such a high-order mode filter is a single loop of raQ/y\s sufficiently small to shift

the| cut-off wavelength below the minimum wavelength of i tg@st, but not so small as| to
induce wavelength-dependent oscillations. ((/8)

Anpther option commonly employed on bend insensitivé‘s}gle mode fibres and other single
moyde fibres with little or no cut-off response to benQi the use of a standard single mgde

fibfe as a mode filter. QQ
4.32.2.5 Cladding mode stripper Q\\

Useg suitable techniques to remove optical p@IXr propagating in the cladding where this woluld
sighificantly influence the received signdl” The cladding mode stripper ensures that|no
radiation modes, propagating in the cl ing region, will be detectable after a short distaTce

alopg the fibre. The cladding mode‘\ﬁrlpper often consists of a material having a refracfive
index equal to or greater than that’&c the fibre cladding. This may be an index-matching fluid
lied directly to the uncoatetkgbre near its ends; under some circumstances, the fipre
cogting itself will perform tth@bction.

N
4.3.2.3 Launch arran&?nent for A1 multimode fibres

¢ required Iauncf@nﬁeasuring the macrobending loss of A1 multimode fibres shall be|an
engircled flux Iaum he requirements for the optical source characteristics for A1 multimgde
luded in Annex C.

surement age\
The¢ encirc Qﬁ( emitted by the launching cord depends on the characteristic of the light
soyrce e ing from the face of the socket, the connection of the launching cord to fhe
S0( ketc%optical fibre within the launch cord, and any applied mode conditioning.

compatible with the particular source implementation used. When the specification on the cord
is met and used with the test equipment, the encircled flux (EF) requirements should be
assured.

4.3.2.4 Launch arrangements for A2 to A4 multimode fibres

Below are some examples of generic launching arrangements for short-distance fibres
described in Figure 3, Figure 4 and Figure 5.
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Lens

Fibre under test

IEC

Figure 3 — Lens system

day

Th
a
usi

wa

)
Launch fibre O NN/
N Splice Fibre under test
Cladding mode stripper
(if necessary) IEC
Figure 4 — Launch fibre

Fibre under test

Mode scrambler

ell-defined launching set-up.d@scription is n

Velength shall be calibratéd to within £10 nm.

Figure 5 — Made scrambler (for A4 fibre)

b reproducibility of the attenuation,'measurements of step-index fibres is critical. Therefd

ng commercially available eptical components and shall be able to provide spot sizes L
laupch numerical apertures\{NAs) as given in Table 1. In addition, the measurem

IEC

7

re,

ecessary. Such a set-up can be achieved| by

nd

nt
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Table 1 — Launch conditions for A2 to A4 fibres

A2 A3 A4

Glass core/glass cladding Glass core/plastic Plastic core/plastic
cladding cladding
Spot size = fibre core size = fibre core size = fibre core size with full

mode launch (or use mode
scrambler with equilibrium
mode launch)

Nyrrerieat apcltulc —fhreTmax NA —fiOreTmaxX N/-\k fore—rre Hr\ with fu::

(NR) mode launchP

@ | This launch condition can be produced by overfilling a mode filter made from 2 m of fibre identical t@flbre
unider test (FUT), with appropriate cladding mode stripping and using the output from this mode f| to laungh
info the FUT.

b |This launch condition can be produced in the same manner as described in Note a. Howe\(bqome types |of
A3 and A4 fibre will not require cladding mode stripping for the mode filter.

,\x
N

4.:] Output system and detection O.)(b
441 Optical divider ’\

WHen an optical divider is required, it shall have a splitting rﬂ at remains constant durfing
thegl test. The splitting ratio and temperature stability shall {!g{n s shown in the relevant dettail
sp¢gcification. Commercially available or custom built deV| ay be used.

4.}2 Optical detector Q

Th¢ optical detector shall be of sufficient area tQ| tercept all of the radiated power in fthe
oufput cone and shall be sufficiently linear ove@e optical powers encountered.

The¢ optical detector shall have a sufficient niform response over the active area and range
of jncidence angle at the measurement velength to ensure the movement of the output
cone in position or angle relative to theldetector. This shall be within the limits determined| by
thel mechanical design of the measufément equipment and shall not significantly affect fhe

results. \O
WHere more than one dete(@# is used, as in the arrangement shown in Figure A.1, fhe
deJectors shall be of the s@ manufacturer and model and be of comparable linearity.

4.4.3 Optical detection assembly

Alllpower emitted@@ the specimen should be coupled to the active region of the detector|{ by
i ns. For example, an optical lens system, a butt spliced fibre pigtail,| or

an |appropriate

dirJact coupliQSg the detector may be used. If the detector is already pigtailed, the pigfail
e shall q e sufficiently large core diameter and numerical aperture to capture all of the

e reference and specimen fibres.

fib
light exiti

Us
me'as 9 aR = x il v 9 - 9 /S
can include a photovoltalc mode photodlode ampllfled by a current |nput ampI|f|er with
synchronous detection by a lock-in amplifier.

4.4.4 Signal processing

It is customary to modulate the light source in order to improve the signal-to-noise ratio (SNR)
at the receiver. If such a procedure is adopted, link the detector to a signal processing system
synchronous with the source modulation frequency. The detecting system should be
substantially linear or have known characteristics.

When low loss is expected, more test bends may be added provided there are separate
grooves for each additional bend to improve the SNR; however, the approximation of the bend
diameter along with the bend control may be further degraded.
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5 Specimen

5.1 Specimen length
511 Method A — Fibre winding

The specimen shall be a known length of fibre, as specified in the detail specification. In
particular, the length of the sample tested for loss is determined by the measurement set-up,
i.e. curvature radius (R) and number of turns (N); any further fibre length does not affect the

measurement results, provided that the-signal-to-neise{(S/A)+ratioc SNR is optimised.

5.1.2 Method B — Quarter circle bends
Th«le specimen length shall be determined according to the details shown in 6.2.

5.2 Specimen end face
Prgpare a flat end face, orthogonal to the fibre axis, at the input and output ends of each test
spgcimen.

6 | Procedure

6.1 Method A - Fibre winding
6.1.1 General consideration

cunvature radius and wavelength at which loss is to be measured are discussed below in 6.[1.1

LOI/sely wind the fibre on the tool, avoiding excessive fibre, twist. The number of tumns,
and in 6.1.2 and 6.1.3.

Since the actual curvature radius is critical, a maximum tolerance of £0,1 mm (for radii loyer
thT or equal to 15 mm) or +-0:5—mm—-te 1,0 mmY(for larger radii) is accepted: a tighter
tolgrance on small radii is required for higher measurement sensitivity.

Both for single-mode and for multimode fibres, two optical powers can be measured using
— |the power-monitoring technique, which measures the fibre attenuation increase due tp a

change from the straight condition'4o a bent condition, or

— |the cut-back technique, whichy measures the total attenuation of the fibre in the bpnt
condition. In order to determine the induced attenuation due to macrobending, this value
should be corrected for thevintrinsic attenuation of the fibre.

The fibre length outside the‘mandrel and the reference cut-back length shall be free of benqds
wgm can mtroduce a S|gn|f|cant change in the measurement result.-Cellection-of excgss

It i$ also possible to rewind the fibre from a mandrel with a large radius (introducing negligiple
majcrobend 1gss) to the mandrel with the required radius. In this case, the macrobend loss ¢an
be |determifed directly by using the power-monitoring technique (without the correction for the
intinsic-attenuation of the fibre).

Café<must shall be taken in order not to introduce torsion on any fibre part during the
measurements, as this would affect the result.

6.1.2 Single-mode fibres

Different applications may require different deployment conditions: fibre types have been
developed which exhibit bending performances optimised for each condition.

Two typical environments are recognised for (possibly) different fibre types, for which different
measurement set-ups should be considered when characterising fibre performances.

a) Long distance networks: far from urban areas, space occupancy is not typically an issue,
and bends imposed on the fibres can be limited to relatively large radii. Fibres designed
for this application should be tested in similar conditions, i.e. with the samples wrapped
around relatively large radius mandrels, for example in the range 25 mm to 30 mm.
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b)

This measurement set-up is mainly affected by errors related to low-S/A+atic SNR and by |
unwanted tension, torsions or kinks on the relatively long fibre length used for the
measurement.

Access networks: operating conditions require bending radii as small as possible,
compatible with lifetime expectations and acceptable bend losses. For more information
on lifetime expectations please refer to ITU-T G Suppl.59:2016. Fibres designed for this
application should be tested in similar conditions, i.e. with the samples bent at small radii,
for example in the range 7,5 mm to 15 mm (see Annex C).

The measurement can be affected by different sources, i. e. reflections, WhICh may occur
when

or
, |for
he

length under test is different for complete and partial turns; for example, the’ length of a

Be

W4gvelength

plete turn being twice the length of a U-turn or four times the length of"a quarter turn| In
document, the term "coil" refers to one complete turn. One coil could also be made of,|for
mple, two consecutive U-turns! or four consecutive quarter turns. This should be taken

following recommendations apply to test conditions in both casés (items a) and b) aboye):
mber of turns
The number of turns should be in accordance with"the values stated in the product
specification.

For single-mode fibres, the attenuation increases in a linear fashion with the numben of
turns.

For each radius, the number of turns shall be chosen in such a way that:

necessary, for example for low;-bend loss fibres, tests may be carried out with mpre
turns than the specification requires — followed by linear normalization to the speciffed
number;

o the induced loss is significantly higher than the detection limit of the set-up; w}en

e the induced loss is significantly lower than the onset of the non-linear region in the det-
up; for bending radii'inthe range 5 mm to 10 mm, this may imply that not more thap 5
to 10 turns should be used.

nd radius

The value (©fybend radius shall be in accordance with the values stated in the product
specification2-

The>measurement wavelength shall be 1 550 nm or 1 625 nm, in accordance with the
relevant product specification; it should be considered that bending losses increase
exponentially with the wavelength. T

NOTE The homogeneity of bend loss in different angular positions over the cross section needs
to be verified either by multiple angular position tests or by verifying the homogeneity of the
effective refractive index profile, establishing the guiding properties of the bent FUT.

6.1

.3 Multimode (A1) fibres

Macrobending Ioss in A1 multimode fibres varies wrth bend radius and number of turns around

1

If there is excessive displacement between successive U-turns, the length of the sample arranged on two
U-turns can be shorter than one coil. A maximum displacement between adjacent U-turns of 0,5 mm is
therefore suggested.

Bending loss on single-mode fibre increases exponentially as wavelength increases and as radius decreases
(see Annex D).


https://iecnorm.com/api/?name=b3738b208f45a95f426046cc6af2b76b

-16 - IEC 60793-1-47:2017 RLV © IEC 2017

less sensitive to wavelength than with single-mode fibres. Still, oscillating effects with
wavelength may occur which are related to successive mode groups passing cut-off and
having increased bend loss at these wavelengths.

The values of bend radius and number of turns shall be in accordance with the values stated
in the specification. When testing multiple turns, the attenuation that occurs over a specific
turn depends on the attenuation of the preceding turns. The incremental macrobending added
loss decreases with each added turn. Macrobending added loss produced by multiple turns
should not be expressed in the units of "dB/turn" by dividing the total added loss by the
number of turns. Instead, it-must shall be reported in dB for the specified number of bends. An

ext

rapolation to more than the specified number of turns will result in an overestimation of

the

ov4g

Fo
pOS
Fu
An

6.2

Thi
can
sha
con
cof

Thi

wh

rall loss.

multimode fibres only, the launching characteristics of the light source at the faunch

s method applies to category A3 and A4 multimode fibres. The fibrefo be tested should

Il be s metres apart from the beginning of the next controlled\bend. The beginning of
trolled bend closest to the launch end shall be 1 m frem ‘the launch. The end of
trolled bend closest to the detector end shall be 1 m fromi.the detector (see Figure 6).

e minimum specimen length shall be determined accofding to Equations (1) and (2).

L =(n—1)xsyr2
s:iﬂxR+2xR
2

ere

s the minimum sample length, in m;

s the number of quarter-turn.bends;

s the interval between gach bend, in m;
s the slack bend radius, in m.

ing
on.

ition of the fibre being tested shall be consistent with the expected fibre, ‘applicati
ther details on—MM multimode launching conditions can be found in4EGC-64280-f-1
hex C.

Method B — Quarter circle bends

be

efully set in the guide groove(s) (see Figure 1). The beginningef each controlled bgnd

the
the

(1)
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Light source Guide groove plates

B V) D ———

Fibre under test

f Photo detector

Figure 6 — Multiple bends using stacked plates

IEC

Makrobending loss caused by multiple bends of\warious radii can be measured simultaneo
by gtacking plates cut with grooves of various Specified bend radii (see Figure 6).

Unless otherwise specified in the detaijl specification, the default values for the test are
follpws:

e |macrobend radius: » = 25 mm;

e |[number of macrobends: n =10;

e [slack bend radius, R 2150 mm;

e |wavelengths: 650.am, 850 nm or 1 300 nm.

The¢se parameters-correspond to the interval between each macrobend being s 21 m, an
sample length w211 m.

Th¢ addedfibre loss caused by bending shall be measured using either the transmitted po
mopitoringytéchnique (methed-A—of IEC 60793-1-46 Annex A) or the cut-back technig
Annex B). Use cladding mode strippers at the source 3
defector ends of the specimen. A suitable cladding mode stripper consists of three turng

sly

as

 a

ver
ue
nd

the FOTarounmdat5mmrradios mandret:
Perform the test using the following procedure:

a) cut the fibre to the appropriate length and wrap it on a spool or lay it on a flat surface
that the fibre has a bend radius = 150 mm;

b) measure the transmitted power;

c) place the fibre in the measurement apparatus (Figure 1 and Figure 6);

d) measure the transmitted power.

SO

NoTE When testing multiple macrobends, such as using the default value of n = 10, the mode
distribution encountered at a specific macrobend may depend on how many macrobends
precede it. For example, the first bend-might can influence the launch condition at the second
bend, and the second bend-might can influence the launch condition at the third bend, etc.
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Consequently, the macrobending added loss at a given bend-may can be different-than from
the macrobending added loss at another bend. In particular, the first bend-may can have the
largest influence on following bends. Consequently, the macrobending added loss produced
by multiple bends should not be expressed in the units of "dB/bend" (by dividing the total
added loss by the number of bends). Therefore, the specification for macrobend added loss
should not be stated in the units of "dB/bend".

7

Calculations

The results are reported in dB as:

wh

st

4
NO

8.1
Re

8.2

P,
}/210'0910{ str J
s

end

is the loss, in dB;
is the power measured without the bend;

nd is the power measured with the bend present3.

[E For single-mode fibre, the loss can be reported in dB/turn.
Results

Information available with each measurement

bort the following information with each measurement:

date and title of measurement;

identification of specimen;

length of specimen;

curvature radius as macrobend radius and measurement set-up (method A);
macrobend radius (method B);

number of turns (method A);

number of macrobends (method B);

wavelength(s) of interest;

launching conditions\(MM fibres only);

macrobendingAoss (dB).

Information available upon request

The following‘information shall be available upon request:

measurement method used: A or B;

poewer measurement method: power monitoring or cut-back;

9

description of measurement apparatus arrangement;
details of computation technique;
date of latest calibration of equipment.

Specification information

The detail specification shall specify the following information:

type of fibre to be measured;

(3)

3 The power through the straight fibre can be calculated from the fibre attenuation coefficient, the length tested,
and the output power of the source.
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— launching conditions (MM fibres only);

— radius of curvature as macrobend radius (method A);
— macrobend radius (method B);

— number of turns (method A);

— number of macrobends (method B);

— failure or acceptance criteria;

— information to be reported;

- wq\/plpngth(q) of interest:

— |any deviations-te from the procedure that apply.
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Annex A
(normative)

Change in transmittance by transmitted power technique

A.1 Apparatus

A.1.1 General

The arrangement shall provide a monitoring for optical transmittance with high resolution and

Ict

gond anhili’ry over the time and femperature r‘hnngnc gi\/nn in the relevant Ir_wr\d

spégcification.

Fig
me

ure A.1 is an example of a typical arrangement suitable for use when carrging

sample, it provides a measurement of the change in optical transmittance, coftécted for

changes that can occur in the optical source. Connections shall haveg| ‘stable coupl
conditions.
Figure A.2 is an example of a typical arrangement suitable for use imthe field, laboratory

fac]

fory where long-term tests are required, in cases where it is possible to stabilise the opt

soyrce by optical feedback.

Test environment

! |
! 1
! 1
! 1
! 1
Launching | '
system ' !
| ! Receiving and
Optical i ! Arecording unit
source ' _ ! >
1 Mest specimen |
: :
e e e e e e 1
Detectors
Reference specimen
Optical ——
divider
Launching
system £

Figure A.1 — Measurement of change in optical transmittance
using reference specimen

chanical or environmental tests in a laboratory or factory. By comparison with\a refereIce

put
ny
ing

or
cal
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__________________________

1

1

1

1

1

1

|

1

xmunching system !
1

Stabilized :
1

1

1

1

1

1

1

Test environment

Detector

optical source

Test specimen

Recorder Amplifier IEC

Figure A.2 — Measurement of change in optical transmittance
using stabilized source

A.2 Procedure

Before the test sequence, measure the initial optical power, Py, from)the test specimen and,

in the case of Figure A.1, the initial optical output power, P, fromxthe reference specimen.

Dufing the test sequence specified in the appropriate mechanjcal, environmental, or other fest
being carried out, measure the subsequent optical output powers, P, (n=1, 2, 3, ...), flom

the| test specimen and, in the case of Figure A.1,¢/the” subsequent powers, P, from [
reference specimen.
In the above measurements, quantities propariional to the absolute power, rather than
abgolute powers themselves, may be measured. In the case of Figure A.1, the proportionil

factor may differ between the test and reference channels. The proportionality factor(s) s
remain constant for the duration of the tgst'sequence.

A.3 Calculations
Calculate the changes in optical_transmittance during the test sequence (in decibels).

Acg¢ording to Figure A.1:

Dn(ﬂ“): 10 |Og10 POr()“)X Pnt(ﬂ')

Acgording toFigure A.2:

Dn(/l)=10|0910%
(A

POt(A)XPnr(ﬂ') (A.

he

he
ity
all
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is the change in optical transmittance during the sequence, in dB at wavelength 4;
is the initial optical output power from the test specimen, in mW;

is the initial optical output power from the reference specimen, in mW;

is the subsequent optical output power from the test specimen, in mW;

is the subsequent optical output power from the reference specimen, in mW;
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B.1

General

- 23—

Annex B
(normative)

Cut-back technique

The cut-back technique is derived from the definition of fibre attenuation, in which the power

levels, P4(1) and Py

(1), are measured at two points of the fibre without change of input

coO ver
emerging from a point near the input after cutting the fibre.
B.2 Apparatus
B.23.1 General apparatus for all fibres
Se¢ Figure B.1 and Figure B.2 for diagrams of suitable test set-ups.
Bias circuit
Cladding mode  Fipre under test Cladding mode Detecto
/ stripper stripper /
/ Launching \/ — -
system IN ——
Light 'S AU
source
Amplifier V
Level
measurement
1E(
Figure B.1 — Arrangement of equipment to perform loss
measurement at one specified wavelength
Halogen lamp
Cladding mode  Fipre under test  Cladding mode Detector
stripper _ stripper /
Chopping disc / / /
Mono- - Launching \/
chromator { .{ system \ ) \ ——
Lock-in
1 x - - ; amplifie
Reference signal 7
T
Controller
Wavelength control v
<3 | Plotter
IEC

B.3

Figure B.2 — Arrangement of equipment used to
obtain a loss spectrum

Procedure

Set the FUT in the measurement apparatus. Record the output power, P,(A).
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Keeping the launching conditions fixed, cut the fibre to the cut-back length (for example, 2 m

fro

m the launching point). Record the output power, P4(4), of the cut-back length.

B.4 Calculations

Calculate the attenuation between the points where P1(1) and P2(4) have been measured,
using Equation (B.1), or attenuation coefficient by using Equation (B.2), or both, as required.

The attenuation of a fibre at wavelength . between two cross-sections, 1 and 2, separated by
a distance is defined as

unif length or the attenuation coefficient as follows:

wh

a uniform fibre under steady state conditions, it is possible@define the attenuation

O
&
ay=24 S

ch is independent of the chosen length of th%ﬂ re;
QO

bre

) is the attenuation coefficient; \\(\

) is the attenuation at Wavelengt.h\ ;
is the length, in km. N
O

O

o
>
W

O
D
&S

_ A(2) 3
'<\ .
bre (19
) is the attenuation, in dB, at wavelength A; b/‘\ :
1) is the optical power traversing cross-section 1; "\'
1) is the optical power traversing cross-section 2. /\cb(b

LQQ (d.2)

per
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Annex C
(normative)

Requirements for the optical source characteristics
for A1 multimode measurement

C.1 Encircled flux (EF)

The EF is the ratio of the cumulative near field power to the total output power as a function of
radial distance from the optical centre of the fibre core. It is determined from the near field
mejasurement of the light coming from the end of the launching cord. A

Th¢ near field measurement is conducted in accordance with IEC 61280-1-4. The ?®/SU'ed
near field result is a function, I(r), of radius, r, away from the optical centre of thq\’épre, which
is ysed to generate the encircled flux (EF) function as: (19

xI (x)dx N
EF(r)=

xI (x )dx G
Q/
\

where R is an integration limit defined in IEC 61280-1-4. X

Ot N |O—

)
C.2 Limits on encircled flux Q<<

These requirements are suitable for cabling usingategory A1a and A1b multimode fibres that
arg defined in IEC 60793-2-10 as 50 um and@,S pm core fibres, both with 125 um claddfing
diameter. The requirement for other categgi\@ﬁ of multimode fibres is under study.

The¢ limits for the encircled flux are defived from a target near field and a set of boundpry
conditions designed to constrain th Qariation in attenuation due to variations in the soufce
laupch distribution to within £10 9 +X dB, whichever is largest, of the value that would|be
obfained if the target launch Wil’éo sed. Only coupling losses are taken into account for th¢se
attgnuation values. Q)
N

The¢ theory leading to the Ig" limits is based on assumptions that include

e |fibre core refrac index dimension and shape,

e [spectral wid ge?nd
e |Hermite- ss model for mode fields.

De /iatio@m these assumptions can lead to additional attenuation variance. (ne
asgu @y is that the attenuation is measured with a light source and power meter (LSRM)

Zﬁ/in which the light is coupled forward through the connections, and the backscattefed
i - i gt i tes
different paths in the fibre compared to the LSPM method. Accordingly, coupling is different at
connections. As a consequence, the understanding of the relationship of the attenuation
variance obtained from an OTDR to the encircled flux limits is incomplete.

The source launch conditions are described at the output of the launch cord. It is understood
that the source, as supplied, has been verified by the test equipment manufacturer to produce
the specified launch using a test cord with certain specifications. In the event that the launch
cord needs to be replaced, obtain one that is compatible with the recommendation of the test
equipment supplier or verify its compatibility by one of the procedures in IEC 61280-4-1.

The variable X is a tolerance threshold that varies with fibre core size and wavelength
according to the values in Table C.1.
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Table C.1 — Threshold tolerance

Fibre nominal core diameter (um) 850 | 1300
50 0,08 | 0,12
62,5 0,170 | 0,15

IEC 60793-1-47:2017 RLV © IEC 2017

Ta in th tual
lau i.e., £0.7\4m,
is recommended. \/
Anlexample of the encircled flux template for A1a fibre at 850 nm is shown in Fig&]/rk C.1. The
target EF along with the EF that would be obtained by an overfilled launch is a}@s own.
" A
Ll
o 1 ! : } !
8 1 ~
goyg 4
2 EF radial bounds
0,8 | 5um,00688t0,1061 LS e oo
10 um, 0,269 0 to 0,382 0 ; : :
b, | | 15um,25838t006977 | . . A& K &, _—
’ 20 um, 0,894 8 to 0,924 7 5 3 : ; ; g
22 um, 0,964 5 to 0,976 7 z 3 o 3 5
— Template
7777777777777777777 4 — Target
- oR 5
e
6 18 20 22 24 26 28
Radius (4m)
EC
NOTE Atten deviation constraints, 850 nm, 50 um. 75 % shape tol, link constraints (uM SHIFT x #CMHATS,
dB x 2,08 dB), (3,0 dB x 2,08 dB), (4,0 dB x 2,08 dB), (5,0 dB x 2,10 %), (2,0 dB x 5,08 {iB),

(3.0

Tol) = ( &a
dB xcjém, (4,0 dB x 5,10 %), (5,0 dB x 5,10 %).

Figure C.1 — Encircled flux template example

N

The EF requirements are defined as a table of limiting values for each of a set of particular
radial values for each combination of fibre core size and wavelength. These limiting values

are

given in Table C.2 through Table C.5.
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Table C.2 — EF requirements for 50 um
core fibre cabling at 850 nm

10 0,278 5 0,3350 0,391 5
15 0,598 0 0,655 0 0,711 9
20 0,910 5 0,919 3 0,929 5
22 0,969 0 0,975 1 0,981 2

Table C.3 — EF requirements for 50 pm
core fibre cabling at 1 300 nm

10 0,279 2 0,336 6 0,394

15 0,599 6 0,656 7 o713

20 0,907 2 0,918 6 0,930 0
N4

22 0,966 3 0,972 8 D™ 09793

Table C.4 — EF requirements for 62,5 ym
core fibre cabling at{850 nm

10 0,168 3 0,210 9 0,253 5

15 0,369 {;\3‘ 0,439 0 0,508 5

20 0,633 7 0,692 3 0,750 9

26 00\,554 5 0,935 0 0,945 5
Ne

28 0,971 0 0,978 3 0,985 6

Table C.5 — EF requirements for 62,5 ym
core fibre cabling at 1 300 nm

10 0,168 0 0,211 9 0,255 8
15 0,369 9 0,440 9 0,511 9
20 0,636 9 0,694 5 0,752 1
26 0,925 4 0,9357 0,946 0
28 0,970 8 0,978 2 0,985 6
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Annex D
(informative)

Small bend radius phenomena
D.1 General

Annex D illustrates some features of single-mode fibre behaviour when bent to particularly
small radii, depending on the fibre construction. It is based on practical experience of several
fibre manufacturers.

The¢ phenomena described in Annex D-might can affect the quality of transmission~I{ is
thefrefore recommended that fibre performances are confirmed under actual ¢perafing
cornditions, for example wavelength, bend radii and bent fibre length.

D. Interference between propagating and radiating modes

WHen measuring macrobending loss at low bend radii, a secondary effect due to interference
ampng the fundamental propagating mode in the core and radiating modes can occur if the
length of the sample under bend is not sufficient to suppress cradiating modes. In fhis
phenomenon, the propagating optical signal is irradiated from the\bent fibre core and back
reflected at curved interfaces outside the core (e.g. core-cladding or cladding-coating| or
cogting-air, similar to the so called "whispering gallery modes phenomenon"), thus interferjing

with the propagating mode. Under certain deployment conditions, constructive and destruciive
m interference can occur, leading to :

oscillations in the spectral loss.

In ¢ase these effects occur-in-the-wavelength-dependentloss, curve fitting can be applied|for

prgeessing evaluating the spectral loss curvesnthe fit shall be based on the exponential
behaviour of loss vs. wavelength. It is expected’that the fitting will produce values that wopuld
be |obtained with the interference effects stbstantially reduced, as would be the case if the
tesf was carried out on a number of turns*sufficiently large to suppress interference effectq or
if lindex-matching materials were _used. The fitting technique, however, allows the
mejasurement to be carried out and gampleted, preventing the need of unpractical set-ups and
mejasurement conditions.

An|example of this oscillating’behaviour and of a possible fitting curve (A) is shown in Figure
D.1. Two consecutive deployments in a R = 7,5 mm test set-up with 18x a 180° bend (U-tprn
deployment) result in different loss curves but with coincident curve fits.

NoFE When fitting_if the presence of peaks and valleys, verify that there are enough of them,
forlexample four, so that their-effect impact on the fit is balanced.
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Figure D.1 — Loss curves versus curve_ fits

L >

similar oscillatory behaviour can be observed at a fixed~wavelength for changing radii
nd/or for changing temperature: fitting techniques are also<pessible applicable in this case|

Re
~e
H-4
At
At
a¥al
W re is the hendsradius of the circularlvy denloved fibre and - asaain-—where B and- A re
whpre—r—Is—the—Dobeheactus—orthecHetiarhy—aeptoyec—Horeanadagah—wWneres—anRa—pHp—pre
Du to_the statistical nature (to-some—extent) of the interference nhenomenon it i
SHE—0—Re A~ aHSHCa+—Ratdre—(to—Some—exteht)—or—mne—htererence—phenromenRon—H—1S

Due to the statistical nature (to some extent) of the interference phenomenon,

it

is

recommended that a curve fit is carried out from which bending loss values at specified

wavelengths are derived.

For optimizing the fitted curve to the measurement data, various method are available. Well
known is the "least square method" that minimizes the sum of squared differences between
measured and fitted values. Other possibilities are for example to minimize "mean minus
median" of differences between measured and fitted values, or to minimize "mean" or
"median" of differences between measured and fitted values. To perform the curve fitting,

facilities like the Solver in Excel4 can be used.

4 Excel is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of this product.
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Other methods become available when we do not fit with the curve
y =A% (D.1)

where
y is the bend loss, in dB.

but fit with a linear curve which is obtained by taking the natural logarithm of both sides of this
formula:

L
T

[.]
IL,J_M

2 In 4
ToCITZT

(8.2)

whegre
v |is the bend loss, in dB.

Fitfing with this linear curve using the least square method enables the use)of a relatiely
simple analytical expression. This expression facilitates real time caldulation of fitfing
cogfficients during the measurement. Drawback of this method is that, due to the natyral
Iogﬂarithm, preference is given to lower wavelength measurement values, where in general fhe
redl interest is for the higher wavelengths, for example 1 550 nm apd 625 nm. This can|be
cothpensated by using "weighted least square methods" that give’ more weight to the higher
wayelength points.

Allmethods described enable fitted curves with very good gorf€lation to the measured values.
Mot important however is the accuracy of the bend losscvalues at specific wavelengths that
will be derived from it, for example at 1 550 nm and 1625-hm.

Th¢ interference between the fundamental mode¢sand lossy cladding and coating modes ¢an
be | eliminated by measuring loss of a bent fibre when immersed in a high index fluid
(refractive index higher than the refractive indexof the outer fibre coating). Measurementg in
thig situation can give a good impression af, the intrinsic bend loss of the fibre and can|be
used to evaluate specific curve fitting optimization methods.

The¢ accuracy of the curve fit further.dépends on the wavelength range of used measuremgnt
points and the total number of points taken. A larger number of points increase accurdcy.
Cafe should be taken that selected measurement points are not influenced by injected higher
order modes.

D. Polarization effects

WHen measuring macrobending loss at very low bend radii, polarization of the propagatingd or
radiating light may affect the results. Since the light leaving the fibre is subjected to sevgral
reflections from ‘different interfaces (e.g. cladding to coating, coating to air, coating to conrct
malterials), some degree of polarization may be present even for un-polarized sources. Th¢se
polarization-gepending dependent losses (PDL) are functions of the wavelength and should
be ftakentinto account when comparing results from different measurements or laboratories|

D. High power damage

In some extreme conditions (very high power, very tight bends), the temperature of the
coating and of the glass can rise to very high values, eventually causing the coating to break
down and the glass to collapse. These extreme conditions, however, are not typical of
standard telecom networks deployment and operations. Detailed information about this
phenomenon can be found in IEC TR 62547.
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Annex E
(informative)

Parallel plate (2-point) macrobend loss approximation

E.1 General

Annex E describes a 2-point macrobending loss measurement for estimating a macrobending
loss of single mode fibres only. This measurement is not an alternative to the normative

macrobend tests. The 2-point macrobending loss measurement can be utilized to approxim

ate

thel effective macrobending loss for a broad wavelength range at various effective bends
terjn "effective" is used because the fibre is not shaped circularly with this techniq@;
rather approximates a parabola.

This measurement can be used to compare different single mode fibre types, T’bhough c

he
put

Are

shquld be taken to ensure that optical attributes are approximately matched.Compared With
thel normative macrobend test, the 2-point macrobend loss measurement,results differ fom

thel normative test, tending to be a higher loss value with larger variabilitk,

E.2 Specimen /\Cb(b,

The¢ specimen should be of sufficient length to allow adequate@lpling to the measurem
sydtem and positioning in the apparatus. Any further fib@length should not affect
mejasurement results, provided that the SNR is optimised. \

E. Apparatus (( O
E.3.1 General QQ

A fossible test apparatus is provided in Figur@. The test setup is designed to measure
opfical signal response through the FUT undér i
characteristics can be found in 4.3.2.2. N

¥
\O
OF
o

OQ.

ent
the

the

fferent controlled bent conditions. The laupch
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source assembly
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as possible (i.e. <3 m)

¥ |Low loss fusion splices Ec
a) Possible test setup for parallel plate (2-point) macrobend loss measurement

Fibre

— 5 Platen

Glass fibre
core

b) Parallel plates (side view) c) Parallel plates (top view) showing grooves

to place the fibre in
IEC

Figure E.1 — Schematic-of possible (two-point bend) apparatus

The effective bend radius, R, cail be approximated by the following expression:

D—d
Reft = —————
eff = 2(1198)

whegre

D |is the separation of the surfaces making contact with the fibre;
d |is the fibre diameter.

NOTE , This® approximation, however, is not equivalent to the bend radius determined by the normgtive
magrob€énding loss methods.

E.32 Stepper motor control

This device allows accurate, reliable, repeatable motorized control of the linear table. The
repeatability of the stepper motor should be matched to the requirements of the bend
deployment.

E.3.3 Movable plate

The movable plate converts the stepper motor rotation to linear translation by means of a lead
screw.

E.3.4 Fixed plate

This device holds the fibre against the movable plate.
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E.4 Procedure

a)

b)

c)

d)

E.{

Re

E.¢6 Results (O

a)
b)

Couple the optical source to one end of the fibre and measure the reference optical power
using a detection system coupled to the other end.

e The FUT should be in a loosely coiled deployment which does not induce
macrobending.

Place the FUT between two parallel plates with the section of FUT between the plates
deployed in a half loop.

e FEach plate may have a shallow groove machined in it along its Iong|tud|nal aX|s to

bottom of the grooves By using grooves, as the distance between the pI 's| is
changed, the length of fibre between the plates naturally changes to mamt alf
loop under bend. This eliminates the need to manually adjust the Iengt samle

under bend to maintain a half loop. The section of fibre under ben%’h otherwise
unconstrained, forming a natural curvature.

e One additional advantage of this approach is that it facilitates the @dmg of the fipre
after a reference measurement without disturbing the source or de{éctor connectiong.

e V-grooves can also be used, but care shall be taken to @.galre that the distafce
between the two sides of the deployed fibre satisfies the dé}(ed bend diameter.

Measure the power level through the FUT. 5

e The optical bending loss can be measured by spe attenuation over a designated
wavelength range. This provides data at any w?ﬁe ngths of interest. The loss atF a
function of wavelength can be plotted to ass e fibre’s response at each effecfive
bend radius. An example of one of these pIo&n be seen in Figure B.2.

Adjust the movable plate to the next p S%termined increment. At each additional
increment, make sure the FUT is positionq&rrectly and measure the power level.

e At each increment, the fibre length een the plates is adjusted to provide a half turn
of approximate constant radius.

e The effective bend radius can\® approximated by Equation (E.1).

Repeat until all the positions f@ve been evaluated.
. N
) Calculation \\Q

er to Clause 7 for loss calculation.

The measu@d’values should be reported as dB/turn.
The m red values then could be fit to any suitable method.

EXA 1 The calculated loss data as a function of effective bend diameter, 2R¢ = Dggs, can be fitted pith

a gl e exponential function and plotted on a log scale, as depicted in Figure E.2, for particular wavelength of
i st.

c)

NOTE Noise can cause fitting problems at low bend losses.
The extrapolation to effective bending diameters outside the range of tested diameters is
not recommended.

EXAMPLE 2 The spectral calculated loss data can be plotted as a function of wavelength for a given effective
bend to evaluate the approximate loss as shown in Figure E.3.

The data may be fitted to an exponential curve to smooth the variability associated with
the presence of the usual whispering gallery modes.

Additional statistical treatments such as implementing a confidence interval may also be
utilized.
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Figure E.2 — Example of applying an expo&é\lal fit
to the spectral data of a B6_a2
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Figure E.3 — Example of 2-point bend test data
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for a B6_a2 fibre

E.7

Comparison of results with normative test

It should be considered that results from this measurement are not equivalent to ones
obtained from the normative macrobend tests. Table E.1 illustrates the differences that can
occur between the two test methodologies. The 2-point measurement provides different
results from the normative test.

It should also be considered that a 2-point measurement should not be applied to measure
low bend loss; for example, bend loss of less than 0,5 dB, such as the bend loss at a large
bend and/or of bend-insensitive fibres. The 2-point method results in a large variability of
measured macrobend losses.
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Table E.1 — Comparison of parallel plate (2-point) versus method A
macrobend loss measurement for a B6_b3 fibre
at 10 mm diameter (ratio of mandrel / 2-point)

A 0,99 0,93

B ‘ 0,89 | 0,90

c 1,07 0,97

D ! 1,21 ! 117

E 0,82 0,89

F | 0,97 | 1,07

G 0,84 0,84

H ‘ 1,06 | 1,07

| 1,08 1,05

J ‘ 1,15 | 1,24

K 1,51 1,21

L | 1,10 | 1,04.Q"

i ’ (A

NOTE Each data point represents an ay@rage of
five measurements.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-47: Measurement methods and test procedures —
Macrobending loss

1)

2)

3)

4)

5)

6)

7)

8)

9)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC pis\to pron
nternational co-operation on all questions concerning standardization in the electrical and eléctronic fields
his end and in addition to other activities, IEC publishes International Standards, Technic¢al” Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter “referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC NationalxCommittee intere
n the subject dealt with may participate in this preparatory work. International)\ governmental and n
jovernmental organizations liaising with the IEC also participate in this preparation. |[EC collaborates clo
vith the International Organization for Standardization (ISO) in accordance, With' conditions determined
hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical (committee has representation fromj
nterested IEC National Committees.

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

n order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in ¢heir national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
he latter.

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

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

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

ndispensable for the' correct application of this publication.

Attention is dfawn to the possibility that some of the elements of this IEC Publication may be the subjed
batent rights«/1EC shall not be held responsible for identifying any or all such patent rights.
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Attention is drawn_to_the Normative references cited in this publication. Use of the referenced publicationfs is

t of

Int¢rnational” Standard IEC 60793-1-47 has been prepared by subcommittee 86A: Fibres and

cables(of 1EC technical committee 86: Fibre optics.
Th fUulth cditiun bdllbc:b dIIClI Icp:dbb‘b thc thlld cditiun pub:lbhcd ;II 2009 :t uunat;tutc
technical revision.

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

edition:

a) former Annex A has been renumbered to Annex D;

b) introduction of new Annex A on the transmitted power monitoring technique;

c) introduction of Annex B on the cut-back technique;

d) introduction of Annex C on the requirements for the optical source characteristics
A1 multimode measurement;

e) introduction of Annex E on parallel plate (2-point) macrobend loss approximation.

The text of this International Standard is based on the following documents:

of
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FDIS Report on voting
86A/1823/FDIS 86A/1828/RVD

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

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

This standard is to be read in conjunction with IEC 60793-1-1:2017.

A l|st of all parts of IEC 60793 series, published under the general title Optical fibres, can|be
found on the IEC website.

The¢ committee has decided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch" in the_data related to
the| specific document. At this date, the document will be
e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

IMPORTANT - The 'colour inside’' logo on the covér page of this publication indicates
thgqt it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using| a
colour printer.
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INTRODUCTION

Publications in the IEC 60793-1 series concern measurement methods and test procedures as
they apply to optical fibres.

Within the same series, several different areas are grouped, but all numbers are possibly not
used, as follows:

Parts 1-10 to 1-19: General
Parts 1-20 to 1-29: Measurement methods and test procedures for dimensions
Pafts 1-30 to 1-39: Measurement methods and test procedures for mechanical

characteristics

Pafts 1-40 to 1-49: Measurement methods and test procedures for transmisSion and
optical characteristics

Pafts 1-50 to 1-59: Measurement methods and test procedures for'|gnvironmental
characteristics
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losp of single-mode fibres (class B) at 1 550 nm or 1 625 nm, category A1 multimode-fibres
850 nm or 1300 nm, and category A3 and A4 multimode fibres at 650 nm, 850 nm
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OPTICAL FIBRES -

Part 1-47: Measurement methods and test procedures —
Macrobending loss

Scope

part of IEC 60793 establishes uniform requirements for measuring the macrobend

0 nm, thereby assisting in the inspection of fibres and cables for commercial purposes.
s document gives two methods for measuring macrobending sensitivity:

Method A — Fibre winding, pertains to class B single-mode fibres and category
multimode fibres.

Method B — Quarter circle bends, pertains to category A3 and A4 multimode fibres.

Fo
att

both of these methods, the macrobending loss can be measured utilizing general fi
nuation techniques, for example the power monitoring’ technique (see Annex A) or

ing
at
or

A1

bre
the

cuttback technique (see Annex B). Methods A and B are expécted to produce different results

if they are applied to the same fibre. This is because(the key difference between the f{
methods is the deployment, including the bend radit§ and length of fibre that is bent. 1

re
shq

and category A1 multimode fibres.

In
sha

mo

2

Thi
cor
citq
any

IEQ
IEQ

be];t
In addition, informative Annex E*has been added to approximate bend loss for class B sing

son for the difference is that A3 and A4 multimode fibres are expected to be deployed
rt lengths with a smaller number of bends per ‘unit fiber length compared to single-mq

this document, the "curvature radius®\is defined as the radius of the suitable circy
ped support (e.g. mandrel or guiding. groove on a flat surface) on which the fibre can

de fibres across a broad wavelength range at various effective bends.
Normative references

e following documents are referred to in the text in such a way that some or all of tt

d applies. Far undated references, the latest edition of the referenced document (includ
amendmeénts) applies.

607931 (all parts), Optical fibres — Measurement methods and test procedures

60793-1-1:2017, Optical fibres — Part 1-1: Measurement methods and test procedure

tent constitutes requirements of this document. For dated references, only the editlion

WO
he

in
de

lar
be

e_

eir

ng

Ge

eral ana guirdaarice

IEC 60793-2, Optical fibres — Part 2: Product specifications — General

IEC 60793-2-10, Optical fibres — Part 2-10: Product specifications — Sectional specification for

cat

egory A1 multimode fibres

IEC 61280-1-4, Fibre optic communication subsystem test procedures — Part 1-4: General
communication subsystems — Light source encircled flux measurement method

IEC 61280-4-1, Fibre-optic communication subsystem test procedures — Part 4-1: Installed
cable plant— Multimode attenuation measurement
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60793-2,
IEC 60793-1 (all parts) and IEC 60793-1-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

NOTE General definitions for fibres are provided in [EC 60793-2, definitions of the specified attributes |are
confained in the relevant test methods standard of IEC 60793-1 (all parts), and general definitions for testing|are
proyided in IEC 60793-1-1.

4 | Apparatus

4.1 Method A - Fibre winding

The apparatus consists of a tool (e.g. a mandrel or a guiding groove on a flat surface) ablg to
hold the sample bent with a radius as stated in the appropriate optical fibre sectional product
specification and a loss measurement instrument. Determine the macrobending loss at the
wayelength as stated in the appropriate sectional product specification by using either the
trapsmitted power monitoring technique (Annex A) or the cltsback technique (Annex|B),
takjng care of the appropriate launch condition for the specific fibre type.

4.2 Method B — Quarter circle bends

The apparatus consists of one or more plates, each €ontaining one or more "guide groovgs",
anaLa loss measurement instrument. The plates shall be designed to be stacked during the

test without contacting the sample fibre in a lower<or higher plate; such contact will affect the
mejasurement results. Each guide groove shallthave a quarter circle segment (i.e. 90°)|as
shown in Figure 1. The bend radius r, i.e. the radius of the quarter circle segment, shall|be
stafed in the detail specification. The width of each guide groove is recommended to be 4Q %
brgader than the outer fibre diameter.

Dejermine the macrobending loss -at*the wavelength as stated in the appropriate sectignal
prgduct specification by using eithér the transmitted power monitoring technique (Annex A} or
the| cut-back technique (Annex.B), taking care of the appropriate launch condition for fhe
specific fibre type.

Guide groove

IEC

Figure 1 — Quarter circle guide groove in plate
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4.3 Input system
4.3.1 Optical source

Use a suitable radiation source, such as a lamp, laser or light emitting diode. The choice of
source depends upon the type of measurement. The source shall be stable in position,
intensity and wavelength over a time period sufficiently long to complete the measurement
procedure. Specify the spectral line width (between the 50 % optical intensity power points of
the sources used) such that the line width is narrow, for example less than 10 nm, compared
with any features of the fibre spectral attenuation. Align the fibre to the launch cone, or
connect it coaxially to a launch fibre.

4.3.2 Optical launch arrangement
4.3.2.1 General

Figure 2 shows the general launch arrangement used for all fibres. Apply the “appropripte
launch arrangement to produce a full or restricted launch, depending on the parameter bejing
mejasured. See 4.3.2.3 to 4.3.2.4 for further details as they apply to specific,categorieq of
single-mode and multimode fibres.

LED/laser I
-\ |

y AR A I

7 7 7 1

/ I
Mode

Cladding mode

_— scrambler stripper

|
Lamp |

| _D
I

[] ] Mode filter Launch

|
— Lens !

e X b | IEC

Figure 2 — General launch arrangement

4.32.2 Launch arrangement for single-mode fibres
4.3.2.2.1 General

An|optical lens system or fibre pigtail may be employed to excite the test fibre. The poyer
coupled into the fibre shall be stable for the duration of the measurement (see Figure A.1 or
Figure B.1).

4.3.2.2.2 Fibre pigtail

If ysing_a pigtail, it may be necessary to use index-matching material between the soufce
pigtailand test fibre to eliminate interference effects.

4.3.2.2.3 Optical lens system

If using an optical lens system, provide a means of stably supporting the input end of the
fibre, such as a vacuum chuck. Mount this support on a positioning device so that the fibre
end can be repeatedly positioned in the input beam. A method of making the positioning of the
fibre less sensitive is to overfill the fibre end spatially and angularly.

4.3.2.2.4 High-order mode filter
Use a method to remove high-order propagating modes in the wavelength range of interest.
An example of such a high-order mode filter is a single loop of radius sufficiently small to shift

the cut-off wavelength below the minimum wavelength of interest, but not so small as to
induce wavelength-dependent oscillations.
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Another option commonly employed on bend insensitive single mode fibres and other single
mode fibres with little or no cut-off response to bend is the use of a standard single mode

fibr
4.3

e as a mode filter.

.2.2.5 Cladding mode stripper

Use suitable techniques to remove optical power propagating in the cladding where this would
significantly influence the received signal. The cladding mode stripper ensures that no
radiation modes, propagating in the cladding region, will be detectable after a short distance
along the fibre. The cladding mode stripper often consists of a material having a refractive
index equal to or greater than that of the fibre cladding. This may be an index-matching fluid

appted—directty—to—the—uncoated—fibrenear—its—ends—under—some—circumstances—the—fi
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ting itself will perform this function.

.2.3 Launch arrangement for A1 multimode fibres

e required launch for measuring the macrobending loss of A1 multimode fibres 'shall be
ircled flux launch. The requirements for the optical source characteristics,for,A1 multimg
asurement are included in Annex C.

e encircled flux emitted by the launching cord depends on the characteristic of the li
rce emerging from the face of the socket, the connection of the-launching cord to
ket, the optical fibre within the launch cord, and any applied moede conditioning.

b test equipment manufacturer should provide specifications for the test cord that
hpatible with the particular source implementation used.When the specification on the ¢
met and used with the test equipment, the encircled flux (EF) requirements should
ured.

.2.4 Launch arrangements for A2 to A4 multimode fibres

ow are some examples of generic launchiing arrangements for short-distance fib
cribed in Figure 3, Figure 4 and Figure 5,

Fibre under test

Lens IEC

Figure 3 — Lens system

— (D
N Splice Fibre under test

Cladding mode stripper
(if necessary) IEC

Launghvfibre

pre

an
de

ght
the

bre
brd
be

Fes

Figure 4 — Launch fibre
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Fibre under test

Mode scrambler IEC

Figure 5 — Mode scrambler (for A4 fibre)

The¢ reproducibility of the attenuation measurements of step-index fibres is critical, Therefqgre,
a Well-defined launching set-up description is necessary. Such a set-up can he)achieved| by
usihg commercially available optical components and shall be able to provide, spot sizes 1nd
launch numerical apertures (NAs) as given in Table 1. In addition, the measuremgnt
wayelength shall be calibrated to within £10 nm.

Table 1 — Launch conditions for A2 to A4 fibres

Attribute Fibre category
A2 A3 A4

Glass core/glass cladding Glass corélplastic Plastic core/plastic
cladding cladding
SHot size = fibre core size = fibre core size = fibre core size with full

mode launch (or use modg
scrambler with equilibrium
mode launch)

Nymerical aperture = fibre max NA? = fibre max NAP = fibre max NA, with full
(NA) mode launch®

2 |This launch condition can be produced hycoverfilling a mode filter made from 2 m of fibre identical to the fibre
under test (FUT), with appropriate cladding,'mode stripping and using the output from this mode filter to launfh
info the FUT.

b |This launch condition can be praduced in the same manner as described in Note a. However, some types |of
A3 and A4 fibre will not require cladding mode stripping for the mode filter.

4.1] Output system.and detection
4.41

WHen an opticalidivider is required, it shall have a splitting ratio that remains constant durjing
the| test. Thelsplitting ratio and temperature stability shall be as shown in the relevant deftail
spégcification, Commercially available or custom built devices may be used.

Optical divider

Optical detector

=—6 the
output cone and shall be sufficiently linear over the optical powers encountered.

The optical detector shall have a sufficiently uniform response over the active area and range
of incidence angle at the measurement wavelength to ensure the movement of the output
cone in position or angle relative to the detector. This shall be within the limits determined by
the mechanical design of the measurement equipment and shall not significantly affect the
results.

Where more than one detector is used, as in the arrangement shown in Figure A.1, the
detectors shall be of the same manufacturer and model and be of comparable linearity.
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4.4.3 Optical detection assembly

All power emitted from the specimen should be coupled to the active region of the detector by
an appropriate means. For example, an optical lens system, a butt spliced fibre pigtail, or
direct coupling to the detector may be used. If the detector is already pigtailed, the pigtail
fibre shall have sufficiently large core diameter and numerical aperture to capture all of the
light exiting the reference and specimen fibres.

Use an optical detector that is linear and stable over the range of intensities and
measurement times that are encountered in performing this measurement. A typical system
can include a photovoltaic mode photodiode amplified by a current input amplifier, with

. ol ok b lo 1 Lo o [HH
Syl CIMTUTTUUS UTITULUUIT Uy a TUURTITT AalttTpIticT.

4.44 Signal processing

It i$ customary to modulate the light source in order to improve the signal-to-noise“ratio (SNR)
at fhe receiver. If such a procedure is adopted, link the detector to a signal processing system
syrichronous with the source modulation frequency. The detecting system should |be
subpstantially linear or have known characteristics.

WHen low loss is expected, more test bends may be added provided there are separpte
grdoves for each additional bend to improve the SNR; however, the, approximation of the bgnd
diameter along with the bend control may be further degraded.

5 | Specimen

5.1 Specimen length
5.11 Method A — Fibre winding

The¢ specimen shall be a known length of fibre {as” specified in the detail specification| In
pafticular, the length of the sample tested for loss is determined by the measurement set-up,
i.e| curvature radius (R) and number of turns®(®); any further fibre length does not affect the
mejasurement results, provided that the SNRds optimised.
5.11.2 Method B — Quarter circle bends

The¢ specimen length shall be determined according to the details shown in 6.2.

5.2 Specimen end face

Prgpare a flat end face, orthogonal to the fibre axis, at the input and output ends of each test
spgcimen.

6 | Procedure

6.1 Method A— Fibre winding
6.1.1 General consideration

cunvature radius and wavelength at which loss is to be measured are discussed below in 6.[1.1
and inv6.1.2 and 6.1.3.

Loi/sely wind the fibre on the tool, avoiding excessive fibre twist. The number of tunns,

Since the actual curvature radius is critical, a maximum tolerance of +0,1 mm (for radii lower
than or equal to 15 mm) or +1,0 mm (for larger radii) is accepted: a tighter tolerance on small
radii is required for higher measurement sensitivity.

Both for single-mode and for multimode fibres, two optical powers can be measured using
— the power-monitoring technique, which measures the fibre attenuation increase due to a

change from the straight condition to a bent condition, or

— the cut-back technique, which measures the total attenuation of the fibre in the bent
condition. In order to determine the induced attenuation due to macrobending, this value
should be corrected for the intrinsic attenuation of the fibre.

The fibre length outside the mandrel and the reference cut-back length shall be free of bends
that can introduce a significant change in the measurement result. It is also possible to rewind
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the fibre from a mandrel with a large radius (introducing negligible macrobend loss) to the
mandrel with the required radius. In this case, the macrobend loss can be determined directly
by using the power-monitoring technique (without the correction for the intrinsic attenuation of
the fibre).

Care shall be taken in order not to introduce torsion on any fibre part during the
measurements, as this would affect the result.

6.1.2 Single-mode fibres

Different applications may require different deployment conditions: fibre types have been

deyeleped-which-exhibitbendingperfermances-optimisedforeach-condition:
Twp typical environments are recognised for (possibly) different fibre types, for which, different
mejasurement set-ups should be considered when characterising fibre performances.

a) [Long distance networks: far from urban areas, space occupancy is not typically an isspe,
and bends imposed on the fibres can be limited to relatively large radiis Fibres designed
for this application should be tested in similar conditions, i.e. with théysamples wrapped
around relatively large radius mandrels, for example in the range 25 mm to 30 mm.

This measurement set-up is mainly affected by errors related to low-SNR and by unwanted
tension, torsions or kinks on the relatively long fibre length used for the measurement.

b) |Access networks: operating conditions require bending ‘tadii as small as possible,
compatible with lifetime expectations and acceptable bend losses. For more informa{on

on lifetime expectations please refer to ITU-T G Supph59:2016. Fibres designed for this
application should be tested in similar conditions, i.ecwith the samples bent at small radii
for example in the range 7,5 mm to 15 mm (see Afnex C).

i,

The measurement can be affected by different/sources, i.e. reflections, which may ocgur
at the coating-air or coating-glass interface, at surrounding surfaces (including, when
used, the mandrel surface), or at connectors:

The test can be carried out on samples either making complete (360°) turn(s), in open aif or
ardund a suitable support (mandrel), or making an equivalent number of partial turns, |for
exgmple U-turns (180°) or quarter turns (90°), in open air or around suitable supports. The
length under test is different for complete and partial turns; for example, the length of a
complete turn being twice the length of a U-turn or four times the length of a quarter turn| In
thig document, the term "coil" réfers to one complete turn. One coil could also be made of,|for
exgmple, two consecutive-Ustdrns? or four consecutive quarter turns. This should be taken
intg account while normalising the results to the length of the sample (number of coils).

The following recommendations apply to test conditions in both cases (items a) and b) aboye):
Number of turns

— |The number of turns should be in accordance with the values stated in the product
specification.

— |Fer'single-mode fibres, the attenuation increases in a linear fashion with the numben of
torns.

— For each radius, the number of turns shall be chosen in such a way that:

o the induced loss is significantly higher than the detection limit of the set-up; when
necessary, for example for low bend loss fibres, tests may be carried out with more
turns than the specification requires — followed by linear normalization to the specified
number;

e the induced loss is significantly lower than the onset of the non-linear region in the set-
up; for bending radii in the range 5 mm to 10 mm, this may imply that not more than 5
to 10 turns should be used.

1 If there is excessive displacement between successive U-turns, the length of the sample arranged on two
U-turns can be shorter than one coil. A maximum displacement between adjacent U-turns of 0,5 mm is
therefore suggested.
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Bend radius
The value of bend radius shall be in accordance with the values stated in the product
specification2.

Wavelength
The measurement wavelength shall be 1 550 nm or 1 625 nm, in accordance with the

relevant product specification; it should be considered that bending losses increase
exponentially with the wavelength.

The homogeneity of bend loss in different angular positions over the cross section needs to
be verified either by multiple angular position tests or by verifying the homogeneity of the
eff¢ctive refractive index profile, establishing the guiding properties of the bent FUT.

6.13  Multimode (A1) fibres

Macrobending loss in A1 multimode fibres varies with bend radius and number of turns aroynd
a mandrel and is less sensitive to wavelength than with single-mode fibres. Still, oscillating
effects with wavelength may occur which are related to successive mode groups passing qut-
offfand having increased bend loss at these wavelengths.

The values of bend radius and number of turns shall be in accordance-with the values stajed
in the specification. When testing multiple turns, the attenuation that occurs over a spedific
turp depends on the attenuation of the preceding turns. The incremental macrobending added
losp decreases with each added turn. Macrobending added Jloss’ produced by multiple turns
shquld not be expressed in the units of "dB/turn" by dividing the total added loss by the
number of turns. Instead, it shall be reported in dB for¢the” specified number of bends. [An
extrapolation to more than the specified number of turns(will result in an overestimation of fhe
overall loss.

For multimode fibres only, the launching charagteristics of the light source at the launchjing
pogition of the fibre being tested shall be consistent with the expected fibre applicatipn.
Further details on multimode launching conditions can be found in Annex C.
6.2 Method B - Quarter circle bends

This method applies to category A3 and A4 multimode fibres. The fibre to be tested should|be
canefully set in the guide groove(s) (see Figure 1). The beginning of each controlled bgnd
shgll be s metres apart from the‘beginning of the next controlled bend. The beginning of the
controlled bend closest to_the'launch end shall be 1 m from the launch. The end of the
controlled bend closest tothe detector end shall be 1 m from the detector (see Figure 6).

The minimum specimeniength shall be determined according to Equations (1) and (2).

L=(n-1)xs+2 (1)
3
s:EﬂxR—l-ZxR (2)

where

L is the minimum sample length, in m;

S

is the number of quarter-turn bends;

is the interval between each bend, in m;

5

R is the slack bend radius, in m.

N

Bending loss on single-mode fibre increases exponentially as wavelength increases and as radius decreases
(see Annex D).
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Light source Guide groove plates
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1

B V) D ———

Fibre under test

f Photo detector

Figure 6 — Multiple bends using stacked plates

IEC

crobending loss caused by multiple bends of\various radii can be measured simultaneoy
stacking plates cut with grooves of various specified bend radii (see Figure 6).

ess otherwise specified in the detail specification, the default values for the test are
pWS:

macrobend radius: » = 25 mm;
number of macrobends: n =10;
slack bend radius, R 21150 mm;

wavelengths: 650.am, 850 nm or 1 300 nm.

The¢se parameters~cofrespond to the interval between each macrobend being s =21 m, an
sample length Ly2"11 m.

mo
stri

itoringytechnique (Annex A) or the cut-back technique (Annex B). Use cladding mg
pefsjat the source and detector ends of the specimen. A suitable cladding mode strip

ThEadded fibre loss caused by bending shall be measured using either the transmitted po

corsists of three turns of the FUT around a 15 mm radius mandrel.

sly

as

 a

ver
de
ber

Perform the test using the following procedure:

a)

b)
c)
d)

cut the fibre to the appropriate length and wrap it on a spool or lay it on a flat surface
that the fibre has a bend radius = 150 mm;

measure the transmitted power;
place the fibre in the measurement apparatus (Figure 1 and Figure 6);

measure the transmitted power.

SO

When testing multiple macrobends, such as using the default value of n =10, the mode
distribution encountered at a specific macrobend may depend on how many macrobends
precede it. For example, the first bend can influence the launch condition at the second bend,
and the second bend can influence the launch condition at the third bend, etc. Consequently,
the macrobending added loss at a given bend can be different from the macrobending added
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loss at another bend. In particular, the first bend can have the largest influence on following
bends. Consequently, the macrobending added loss produced by multiple bends should not
be expressed in the units of "dB/bend" (by dividing the total added loss by the number of
bends). Therefore, the specification for macrobend added loss should not be stated in the

uni

7

ts of "dB/bend".

Calculations

The results are reported in dB as:

P )

wh

st
PB(
NO

8.1
Re

8.2

V= 'Ul0910{PB “dJ

is the loss, in dB;
is the power measured without the bend;

nd Is the power measured with the bend present3.

[E For single-mode fibre, the loss can be reported in dB/turn.
Results

Information available with each measurement

port the following information with each measurement;

date and title of measurement;

identification of specimen;

length of specimen;

curvature radius as macrobend radiusy:and measurement set-up (method A);
macrobend radius (method B);

number of turns (method A);

number of macrobends (method B);

wavelength(s) of interest;

launching conditions (MM fibres only);

macrobending lossy(dB).

Information available upon request

Th¢ following-information shall be available upon request:

measurement method used: A or B;

power measurement method: power monitoring or cut-back;

9

pPettertet gortortt 5

details of computation technique;
date of latest calibration of equipment.

Specification information

The detail specification shall specify the following information:

type of fibre to be measured;
launching conditions (MM fibres only);

(3)

3 The power through the straight fibre can be calculated from the fibre attenuation coefficient, the length tested,
and the output power of the source.
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radius of curvature as macrobend radius (method A);
macrobend radius (method B);

number of turns (method A);

number of macrobends (method B);

failure or acceptance criteria;

information to be reported;

wavelength(s) of interest;

any deviations from the Inrnr‘pdurn that npply
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Annex A
(normative)

Change in transmittance by transmitted power technique

A.1  Apparatus

A.1.1 General
The arrangement shall provide a monitoring for optical transmittance with high resolution and

Ict

gonri e’rnhili’ry over the time and temperature hhangnc gi\/an in _the relevant prnd

Spé
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Fig
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cification.

ure A.1 is an example of a typical arrangement suitable for use when carrying

chanical or environmental tests in a laboratory or factory. By comparison with.a\refere
hple, it provides a measurement of the change in optical transmittance, corrécted for

nges that can occur in the optical source. Connections shall have ‘stable coupl
ditions.

ure A.2 is an example of a typical arrangement suitable for use im-the field, laboratory
tory where long-term tests are required, in cases where it is possible to stabilise the opt
rce by optical feedback.
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Figure A.1 — Measurement of change in optical transmittance
using reference specimen
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optical source
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Figure A.2 — Measurement of change in optical transmittance
using stabilized source

A.2 Procedure

Before the test sequence, measure the initial optical power, Py, from the test specimen and,
in the case of Figure A.1, the initial optical output power, P, from:the reference specimen.

During the test sequence specified in the appropriate mechanjcal, environmental, or other fest
being carried out, measure the subsequent optical output powers, P, (n=1, 2, 3, ...), from

thel test specimen and, in the case of Figure A.1,/the” subsequent powers, P, from fhe
reference specimen.

In the above measurements, quantities proportional to the absolute power, rather than the
abgolute powers themselves, may be measured. In the case of Figure A.1, the proportiondlity
factor may differ between the test and reference channels. The proportionality factor(s) shall
remain constant for the duration of the test'sequence.

A.3 Calculations

Calculate the changes in optical_transmittance during the test sequence (in decibels).

Acgording to Figure A.1:

Por(2)x By(2)
Dy(2)=101 202/ 7 TntA )
)= 1000010 Y hela) A

Acg¢ording to<Figure A.2:

(A.2)
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where
Dn4) is the change in optical transmittance during the sequence, in dB at wavelength 4;

Poi(4)  is the initial optical output power from the test specimen, in mW,
Po(4) is the initial optical output power from the reference specimen, in mW;
P,(4) is the subsequent optical output power from the test specimen, in mW;

P,(4) is the subsequent optical output power from the reference specimen, in mW;
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Annex B
(normative)

Cut-back technique

The cut-back technique is derived from the definition of fibre attenuation, in which the power
levels, P4(1) and Py(1), are measured at two points of the fibre without change of input

co ver
emlerging from a point near the input after cutting the fibre.
B.2 Apparatus
B.2.1 General apparatus for all fibres
Seg¢ Figure B.1 and Figure B.2 for diagrams of suitable test set-ups.
Bias circuit
Cladding mode  Fipre under test Cladding mode Detecto
/ stripper stripper /
/ Launching \/ —
system IN —
Light 'S 'S
source
Amplifier V
Level
measurement
IEQ
Figure B.1 — Arrangement of equipment to perform loss
measurement at one specified wavelength
Halogen lamp
Cladding mode  Fipre under test Cladding mode Detector
stripper _ stripper /
Chopping/disc / / /
Mono- - Launching \/
chromator 0 system \ ) \ ——
Lock-in
' x - - V amplifie
Reference signal 7
Y
Controller
Wavelength control v
<3 | Plotter
IEC

B.3

Procedure

Figure B.2 — Arrangement of equipment used to
obtain a loss spectrum

Set the FUT in the measurement apparatus. Record the output power, P,(4).
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Keeping the launching conditions fixed, cut the fibre to the cut-back length (for example, 2 m

fro

m the launching point). Record the output power, P4(4), of the cut-back length.

B.4 Calculations

Calculate the attenuation between the points where P1(4) and P2(41) have been measured,
using Equation (B.1), or attenuation coefficient by using Equation (B.2), or both, as required.

The attenuation of a fibre at wavelength 1 between two cross-sections, 1 and 2, separated by
a distance is defined as

wh

A(/l) = 10'0910

1’1(1)‘
Py(4)

Ere

) is the attenuation, in dB, at wavelength A;

1) is the optical power traversing cross-section 1;
1) is the optical power traversing cross-section 2.

a uniform fibre under steady state conditions, it is possible o’ define the attenuation
[ length or the attenuation coefficient as follows:

a(2) = —A(LM

ch is independent of the chosen length of the.fibre;
bre
) is the attenuation coefficient;

) is the attenuation at wavelengthcA;
is the length, in km.

(8.

(8.

per
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Annex C
(normative)

Requirements for the optical source characteristics
for A1 multimode measurement

C.1  Encircled flux (EF)

The EF is the ratio of the cumulative near field power to the total output power as a function of
radial distance from the optical centre of the fibre core. It is determined from the near field
mejasurement of the light coming from the end of the launching cord.

The near field measurement is conducted in accordance with IEC 61280-1-4. The measufed
near field result is a function, I(r), of radius, r, away from the optical centre of the’‘core, whlich
is Used to generate the encircled flux (EF) function as:

xI (x )dx

EF(r)=

xI (x )dx

O |0

where R is an integration limit defined in IEC 61280-1-4.
C.2 Limits on encircled flux

Thése requirements are suitable for cabling using category A1a and A1b multimode fibres that
arg defined in IEC 60793-2-10 as 50 um and‘62,5 um core fibres, both with 125 um claddjing
diameter. The requirement for other categorieés of multimode fibres is under study.

The limits for the encircled flux are derived from a target near field and a set of boundpry
conditions designed to constrain thewvariation in attenuation due to variations in the soufce

laupch distribution to within £10 %, or £X dB, whichever is largest, of the value that would|be
ob%ined if the target launch were-used. Only coupling losses are taken into account for these
attgnuation values.

The theory leading to the EF limits is based on assumptions that include

o |fibre core refractive index dimension and shape,
e |[spectral width,"and
¢ |Hermite-Gauss model for mode fields.

Deyiation\from these assumptions can lead to additional attenuation variance. Qne
asgumption is that the attenuation is measured with a light source and power meter (LSHM)
hod’in which the light is coupled forward through the connections, and the backscattef

different paths in the fibre compared to the LSPM method. Accordingly, coupling is different at
connections. As a consequence, the understanding of the relationship of the attenuation
variance obtained from an OTDR to the encircled flux limits is incomplete.

The source launch conditions are described at the output of the launch cord. It is understood
that the source, as supplied, has been verified by the test equipment manufacturer to produce
the specified launch using a test cord with certain specifications. In the event that the launch
cord needs to be replaced, obtain one that is compatible with the recommendation of the test
equipment supplier or verify its compatibility by one of the procedures in IEC 61280-4-1.

The variable X is a tolerance threshold that varies with fibre core size and wavelength
according to the values in Table C.1.
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Table C.1 — Threshold tolerance

Threshold Wavelength
dB nm
Fibre nominal core diameter (pm) 850 | 1300
50 0,08 0,12
62,5 0,10 0,15

is recommended.
An|example of the encircled flux template for A1a fibre at 850 nm is shown in Figure C.1. The
target EF along with the EF that would be obtained by an overfilled launch is alsoyshown.
[T
1]
© 1 == —
8 ;
N
© 4
£ 0,9
2 EF radial bounds
0,8 | 5um, 0,068 810 0,106 1 |t
10 um, 0,269 0 to 0,382 0
b7 || 15um, 2,583 810 0,697 7 ’
’ 20 um, 0,894 8 to 0,924 7
22 um, 0,964 5 t0 0,976 7
(N e S — N B B
— Template
LT T e . O T — Target [T
3 3 ! : ! 1 — OFL
0,4 R SR e e e R e
T SR Y < N S — e S —
Y (e e o
0,1 +
0 T 1‘ T | T T T T i i } | }
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Radius (y4m)
FC
NOTE Attenuation deviation constraints, 850 nm, 50 um. 75 % shape tol, link constraints (uM SHIFT x #CMHTS,
dB [Tol) = (2/0 4B x 2,08 dB), (3,0 dB x 2,08 dB), (4,0 dB x 2,08 dB), (5,0 dB x 2,10 %), (2,0 dB x 5,08 {iB),
(3,0 dB x 5:40%), (4,0 dB x 5,10 %), (5,0 dB x 5,10 %).
Figure C.1 — Encircled flux template example

The EF requirements are defined as a table of limiting values for each of a set of particular
radial values for each combination of fibre core size and wavelength. These limiting values

are given in Table C.2 through Table C.5.
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Table C.2 — EF requirements for 50 pm
core fibre cabling at 850 nm

Radius EF lower bound Target EF upper bound
um
10 0,278 5 0,3350 0,3915
15 0,598 0 0,655 0 0,711 9
20 0,910 5 0,919 3 0,929 5
22 0,969 0 0,975 1 0,981 2
Table C.3 - EF requirements for 50 um
core fibre cabling at 1 300 nm
Radius EF lower bound Target EF upper bound
um
10 0,279 2 0,336 6 0,3940
15 0,599 6 0,656 7 0y713 8
20 0,907 2 0,918 6 0,930 0
22 0,966 3 0,972 8 0,979 3

Table C.4 — EF requirements for 62,5 um
core fibre cabling ati850 nm

Radius EF lower bound Target EF upper bound
um
10 0,168 3 0,210 9 0,253 5
15 0,369 5 0,439 0 0,508 5
20 0,633 7 0,692 3 0,750 9
26 0,924 5 0,935 0 0,945 5
28 0,971 0 0,978 3 0,985 6
Table C.5 — EF requirements for 62,5 um
core fibre cabling at 1 300 nm
Radius EF lower bound Target EF upper bound
um
10 0,168 0 0,211 9 0,255 8
15 0,369 9 0,440 9 0,511 9
20 0,636 9 0,694 5 0,752 1
26 0,925 4 0,9357 0,946 0
28 0,970 8 0,978 2 0,985 6
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Annex D
(informative)

Small bend radius phenomena
D.1 General

Annex D illustrates some features of single-mode fibre behaviour when bent to particula

rly

small radii, depending on the fibre construction. It is based on practical experience of several

fibore manufacturers.

The¢ phenomena described in Annex D can affect the quality of transmission. It is therefpre
recommended that fibre performances are confirmed under actual operating conditions, [for

example wavelength, bend radii and bent fibre length.

Interference between propagating and radiating modes

WHen measuring macrobending loss at low bend radii, a secondary effect due to interfere
ampng the fundamental propagating mode in the core and radiating modes can occur if

ce
he

length of the sample under bend is not sufficient to suppress cadiating modes. In fhis

phenomenon, the propagating optical signal is irradiated from the\bent fibre core and b
reflected at curved interfaces outside the core (e.g. core-cladding or cladding-coating
coating-air, similar to the so called "whispering gallery modes phenomenon"), thus interferj
with the propagating mode. Under certain deployment conditions, constructive and destrucfi
int¢rference can occur, leading to oscillations in the spectral'loss.

ck
or
ng
ve

In ¢ase these effects occur, curve fitting can be apptied for evaluating the spectral loss cunve;
the] fit shall be based on the exponential behaviodp of loss vs. wavelength. It is expected that

reduced, as would be the case if the test was-carried out on a number of turns sufficie
large to suppress interference effects or_ifdindex-matching materials were used. The fit
technique, however, allows the measurement to be carried out and completed, preventing |
nee¢d of unpractical set-ups and measureément conditions.

thel fitting will produce values that would be obtained with the interference effects substantiI
i

Iy
tly
ng
he

An|example of this oscillating behaviour and of a possible fitting curve (A) is shown in Figure
D.1. Two consecutive deployments in a R = 7,5 mm test set-up with 18x a 180° bend (U-tprn

deployment) result in differentloss curves but with coincident curve fits.

WHen fitting in the presence of peaks and valleys, verify that there are enough of them, |for

example four, so thattheir impact on the fit is balanced.



https://iecnorm.com/api/?name=b3738b208f45a95f426046cc6af2b76b

A

- 28 - IEC 60793-1-47:2017 © IEC 2017

[
%1,2
| |
1 — Deployment 1
= Deployment 2 A /
N\
0,8 N/

0,6 /™

0,2

0 .I L
1450 1475 1500 15625 1550 1575 1600 1625 {1650
nm

IEC

Figure D.1 — Loss curves versus curve_ fits

and/or for changing temperature: fitting techniques are also<applicable in this case.

Du

rec

wa

Fo

e to the statistical nature (to some extent) of the interference phenomenon, it

velengths are derived.

optimizing the fitted curve to the measurement data, various method are available. W

known is the "least square method" that minimizes the sum of squared differences betw

me
me

m

facjlities like the Solver in Excel4 can'be used.

pdian" of differences between measured and fitted values. To perform the curve fitti

similar oscillatory behaviour can be observed at a fixed~wavelength for changing radii

is

ommended that a curve fit is carried out from~which bending loss values at specifijed

ell
en

lasured and fitted values. Other possibilities are for example to minimize "mean minus
dian" of differences between measured and fitted values, or to minimize "mean"| or

ga

Other methods become available when we do not fit with the curve
y = A% (d.1)

whegre
v |is the bend_loss, in dB.
but fit with alimear curve which is obtained by taking the natural logarithm of both sides of this
forpula:

In[y]= a2 xIn 4 (0.2)
where
y is the bend loss, in dB.

Fitting with this linear curve using the least square method enables the use of a relatively
simple analytical expression. This expression facilitates real time calculation of fitting
coefficients during the measurement. Drawback of this method is that, due to the natural
logarithm, preference is given to lower wavelength measurement values, where in general the
real interest is for the higher wavelengths, for example 1 550 nm and 1 625 nm. This can be
compensated by using "weighted least square methods" that give more weight to the higher

wa

velength points.

4 Excel is an example of a suitable product available commercially. This information is given for the convenience

of users of this document and does not constitute an endorsement by IEC of this product.
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All methods described enable fitted curves with very good correlation to the measured values.
Most important however is the accuracy of the bend loss values at specific wavelengths that

will be derived from it, for example at 1 550 nm and 1625 nm.

The interference between the fundamental mode and lossy cladding and coating modes ¢

an

be eliminated by measuring loss of a bent fibre when immersed in a high index fluid

(refractive index higher than the refractive index of the outer fibre coating). Measurements
this situation can give a good impression of the intrinsic bend loss of the fibre and can
used to evaluate specific curve fitting optimization methods.

in
be

The accuracy of the curve fit further depends on the wavelength range of used measurement
points and the total number of points taken. A larger number of points increase accurdcy.
Cafe should be taken that selected measurement points are not influenced by injected higher

order modes.

Polarization effects

WHen measuring macrobending loss at very low bend radii, polarization of.the propagating
radiating light may affect the results. Since the light leaving the fibre is stibjected to seve

malterials), some degree of polarization may be present even for un4potarized sources. Th
polarization dependent losses (PDL) are functions of the wavelength and should be taken i
acgount when comparing results from different measurements ordaboratories.

reflections from different interfaces (e.g. cladding to coating, coating te_air, coating to con{ct

High power damage

ome extreme conditions (very high power, very, fight bends), the temperature of [
coating and of the glass can rise to very high values) eventually causing the coating to br
down and the glass to collapse. These extreme conditions, however, are not typicalT
stapdard telecom networks deployment and <@perations. Detailed information about

nomenon can be found in IEC TR 62547.

or
ral

se
to

he
ak
of

his
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Annex E
(informative)

Parallel plate (2-point) macrobend loss approximation
E.1 General

Annex E describes a 2-point macrobending loss measurement for estimating a macrobending
loss of single mode fibres only. This measurement is not an alternative to the normative
macrobend tests. The 2-point macrobending loss measurement can be utilized to approximate
thel effective macrobending loss for a broad wavelength range at various effective bendsy The
terin "effective" is used because the fibre is not shaped circularly with this technique;* put
rather approximates a parabola.

This measurement can be used to compare different single mode fibre types,although cpre
shquld be taken to ensure that optical attributes are approximately matched. Compared with
thel normative macrobend test, the 2-point macrobend loss measurement, results differ fom
thel normative test, tending to be a higher loss value with larger variability.

E.2 Specimen

The¢ specimen should be of sufficient length to allow adequate(eoupling to the measuremgnt
sydtem and positioning in the apparatus. Any further fibné ;length should not affect fhe
mejasurement results, provided that the SNR is optimised.

E. Apparatus

E.3.1 General

A fossible test apparatus is provided in Figure Ex1. The test setup is designed to measure the
opfical signal response through the FUT under‘different controlled bent conditions. The laupch
characteristics can be found in 4.3.2.2.
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a) Possible test setup for parallel plate (2-point) macrobend loss measurement
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to place the fibre in
IEC
Figure E.1 — Schematic-of possible (two-point bend) apparatus
The effective bend radius, R, can be approximated by the following expression:
D-d
Rett = 11
(1198) (H.1)

wh

D

d

NO
mad

ere

is the separation of the surfaces making contact with the fibre;
is the fibre diameter.

robending loss methods.

E.

V4 otepper motor control

[E , This' approximation, however, is not equivalent to the bend radius determined by the normgtive

This device allows accurate, reliable, repeatable motorized control of the linear table. The
repeatability of the stepper motor should be matched to the requirements of the bend
deployment.

E.3.3 Movable plate
The movable plate converts the stepper motor rotation to linear translation by means of a lead

ScCr

ew.

E.3.4 Fixed plate

Thi

s device holds the fibre against the movable plate.
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E.4 Procedure
a) Couple the optical source to one end of the fibre and measure the reference optical power
using a detection system coupled to the other end.

e The FUT should be in a loosely coiled deployment which does not induce
macrobending.

b) Place the FUT between two parallel plates with the section of FUT between the plates
deployed in a half loop.

e Each plate may have a shallow groove machined in it along its longitudinal axis to

changed, the length of fibre between the plates naturally changes to maintain:a half
loop under bend. This eliminates the need to manually adjust the lengthiof* sample
under bend to maintain a half loop. The section of fibre under bend.is otherwise
unconstrained, forming a natural curvature.

o One additional advantage of this approach is that it facilitates the leading of the fipre
after a reference measurement without disturbing the source or détéctor connectiong.

e V-grooves can also be used, but care shall be taken to ensure that the distance
between the two sides of the deployed fibre satisfies the desired bend diameter.

c) | Measure the power level through the FUT.

wavelength range. This provides data at any wavelengths of interest. The loss a§ a

e The optical bending loss can be measured by spectral attenuation over a designa}ed
ive

function of wavelength can be plotted to assess the fibre’s response at each effec
bend radius. An example of one of these plots can be seen in Figure B.2.

d) [Adjust the movable plate to the next predetermined increment. At each additignal
increment, make sure the FUT is positioned correctly and measure the power level.

o At each increment, the fibre length bétween the plates is adjusted to provide a half turn
of approximate constant radius.

e The effective bend radius can bbe approximated by Equation (E.1).
e) | Repeat until all the positions have been evaluated.

E.5 Calculation
Refer to Clause 7 for loss calculation.
E.6 Results

a) | The measured-values should be reported as dB/turn.

b) | The measured values then could be fit to any suitable method.

EXAMPEE 1 The calculated loss data as a function of effective bend diameter, 2Reff = Dggf, can be fitted Wwith

a simple exponential function and plotted on a log scale, as depicted in Figure E.2, for particular wavelength of
ihterest.

NOTE Noise can cause fitting problems at low bend losses.

The extrapolation to effective bending diameters outside the range of tested diameters is
not recommended.

EXAMPLE 2 The spectral calculated loss data can be plotted as a function of wavelength for a given effective
bend to evaluate the approximate loss as shown in Figure E.3.

c) The data may be fitted to an exponential curve to smooth the variability associated with
the presence of the usual whispering gallery modes.

Additional statistical treatments such as implementing a confidence interval may also be
utilized.
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Figure E.2 — Example of applying an exponential fit
to the spectral data of a B6_a2 fibre
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Figure E.3 — Example of 2-point bend test data
for a B6_a2 fibre
E.7 Comparison of results with normative test

It should be considered that results from this measurement are not equivalent to ones
obtained from the normative macrobend tests. Table E.1 illustrates the differences that can

occur between the two test methodologies. The 2-point measurement provides different
results from the normative test.

It should also be considered that a 2-point measurement should not be applied to measure
low bend loss; for example, bend loss of less than 0,5 dB, such as the bend loss at a large

bend and/or of bend-insensitive fibres. The 2-point method results in a large variability of
measured macrobend losses.
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Table E.1 — Comparison of parallel plate (2-point) versus method A
macrobend loss measurement for a B6_b3 fibre
at 10 mm diameter (ratio of mandrel / 2-point)

Fibre 1 550 nm 1625 nm

A 0,99 0,93

B | 0,89 | 0,90

C 1,07 0,97

D | 1,21 ! 117

E 0,82 0,89

F | 0,97 | 1,07

G 0,84 0,84

H | 1,06 | 1,07

I 1,08 1,05

J | 1,15 | 1,24

K 1,51 1,21

L | 1,10 | 1,04
NOTE Each data point represents an ayérage of
five measurements.
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62,5 LM @ 850 MM ceeiiiiiii e e e a e e aae 62
Tableau C.5 — Exigences sur le flux inscrit pour un cablage de fibres a cceur de
Lo T VLo = W 10T o T o PSRN 62

Tableau E.1 — Comparaison de la mesure des pertes par macrocourbures utilisant des
plaques paralléles (deux points) et de la mesure de la méthode A pour une fibre B6_b3
a un diamétre de 10 mm (rapport mandrin / 2 points) ..o 70
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Partie 1-47: Méthodes de mesure et procédures d'essai —
Pertes par macrocourbures
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Composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), L’'IEC a {
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les doma
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ndépendants.
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La Norme internationale IEC 60793-1-47 a été établie par le sous-comité 86A: Fibres et
cables, du comité d'études 86 de I'l[EC: Fibres optiques.

Cette quatrieme édition annule et remplace la troisieme édition publiée en 2009 dont elle
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) I'Annexe A a été renumérotée Annexe D;

b) une nouvelle Annexe A portant sur la technique de la mesure de la puissance transmise a
été introduite;

c) I'Annexe B portant sur la technique de la fibre coupée a été introduite;
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I'Annexe C portant sur les exigences relatives aux caractéristiques des sources optiques

pour une mesure des fibres multimodales de catégorie A1 a été introduite;

I'Annexe E portant sur I'approximation des pertes par macrocourbures utilisant des

plaques paralléles (deux points) a été introduite.
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FDIS Rapport de vote
86A/1823/FDIS 86A/1828/RVD

Lel
abouti a I'approbation de cette norme.

Ce

La

Ung liste de toutes les parties de la série IEC 60793, publiées sous-le titre général Fib
opliques, peut étre consultée sur site web de I'lEC.

Le
sta
rel

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote™ay

document a été rédigé selon les Directives ISO/IEC, Partie 2.

présente norme doit étre lue conjointement avec I'lEC 60793-1-1:2017.

comité a décidé que le contenu de ce document ne sera)pas modifié avant la date
tives au document recherché. A cette date, le document sera

reconduit,
supprimé,
remplacé par une édition révisée, ou

amendé.

ant

es

de

ilit¢ indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les donnges

IMI
pu
un
im

PORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cet

b bonne compréhension de son contenu. Les utilisateurs devraient, par conséquer
brimer cette publication en utilisant une imprimante couleur.

blication indique qu’'elle'contient des couleurs qui sont considérées comme utiles|a

ke

t,



http://webstore.iec.ch/
https://iecnorm.com/api/?name=b3738b208f45a95f426046cc6af2b76b

IEC 60793-1-47:2017 © IEC 2017 -41 -

INTRODUCTION

Les publications de la série IEC 60793-1 concernent les méthodes de mesure et les
procédures d’essai applicables aux fibres optiques.

Au sein de cette méme série, plusieurs domaines différents sont regroupés comme suit, mais
tous les numéros peuvent ne pas étre utilisés:

Parties 1-10 a 1-19:

Pagti

Pafties 1-40 a 1-49:

Parties 1-50 a 1-59:

Pafties 1-30 a 1-39:

Généralités

Méthodes de mesure et procédures d’essai pour les caractéristiqlies
mécaniques

Méthodes de mesure et procédures d’essai pour la transmission et
les caractéristiques optiques

Méthodes de mesure et procédures d’essai pour les caractéristiqlies
d’environnement
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FIBRES OPTIQUES -

Partie 1-47: Méthodes de mesure et procédures d'essai —
Pertes par macrocourbures

Domaine d'application

La
paf
po
mu

présente partie de I'lEC 60793 établit des exigences uniformes pour la mesure des pe:lles
macrocourbures pour les fibres optiques unimodales (classe B) a 1 550 nm ou 1625 @m,
r les fibres multimodales de catégorie A1 a 850 nm ou 1300 nm, et'\les fibres
timodales des catégories A3 et A4 a 650 nm, 850 nm ou 1 300 nm, contribuant ainsi|au

controle des fibres et cables dans des relations commerciales.
Le| présent document décrit deux méthodes destinées a mesurer'la sensibilité aux
majcrocourbures:

Po
tec

pui

Méthode A — Enroulement de fibre, se rapporte aux fibres unimodales de classe B et @aux
fibres multimodales de catégorie A1.

Méthode B — Courbures d'un quart de cercle, se rapporte aux fibres multimodales|de
catégories A3 et A4.

ir les deux méthodes, les pertes par macrocaourbures peuvent étre mesurées par ges
hniques générales d'affaiblissement des fibres{ pdr exemple la technique de mesure dq la
5sance (voir Annexe A) ou la technique de laxfibre coupée (voir Annexe B). Les méthodles

méme fibre. Ceci est di au fait que la difféerence fondamentale entre les deux méthodes

ré
de
des
fai
et

Da

A}t_‘ B sont susceptibles de produire des résultats différents si elles sont appliquées § la

ide dans la fagon de les déployer, comprenant a la fois le rayon de courbure et la longugur
fibre courbée. La raison de cette différence repose sur le fait que les fibres multimodales
catégories A3 et A4 sont congues pour étre installées sur de petites longueurs et avec|un
le nombre de courbures par unite de longueur de fibre par rapport aux fibres unimoddles
ux fibres multimodales de la catégorie A1.

ns le présent document/ le "rayon de courbure" est défini comme le rayon du supgort

adapté de forme circulaire (par exemple, un mandrin ou une rainure de guidage sur yne

sur

En
paf
d'o

face plane) sur lequel la fibre peut étre courbée.

outre, I'Annexe E (informative) a été ajoutée pour présenter une approximation des pertes
courbures—pour des fibres unimodales de classe B sur une large plage de longueprs
hde pour_différentes courbures effectives.

2

Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule [I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60793-1 (toutes les parties), Fibres optiques — Méthodes de mesure et procédures
d'essai

IEC 60793-1-1:2017, Optical fibres — Part 1-1: Measurement methods and test procedures —
General and guidance (disponible en anglais seulement)

IEC 60793-2, Fibres optiques — Partie 2: Spécifications de produits — Généralités
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IEC 60793-2-10, Fibres optiques — Partie 2-10: Spécifications de produits — Spécification
intermédiaire pour les fibres multimodales de catégorie A1

IEC 61280-1-4, Procédures d'essai des sous-systémes de télécommunication a fibres
optiques — Partie 1-4: Sous-systemes généraux de télécommunication — Méthode de mesure
du flux inscrit de la source lumineuse

IEC 61280-4-1, Procédures d’essai des sous-systemes de télécommunication a fibres
optiques — Partie 4-1: Installations cablées — Mesure de |'affaiblissement en multimodal

3 | Termes et définitions

Potr les besoins du présent document, les termes et définitions donnés dans I'lEC 60793-2,

I''EIC 60793-1 (toutes les parties) et I'l'EC 60793-1-1 s’appliquent.

L'I$O et I'IEC tiennent a jour des bases de données terminologiques destinges a étre utilis¢es
en [hormalisation, consultables aux adresses suivantes:

e |IEC Electropedia: disponible a I'adresse http://www.electropedia\org/
e |[ISO Online browsing platform: disponible a I'adresse http://www'.iso.org/obp

NOTE L'IEC 60793-2 donne des définitions générales sur les fibres, lgs/normes de la série IEC 60793-1 sur les
méthodes d'essai donnent des définitions des attributs spécifiés et I''EC 60793-1-1 donne des définitions générales
sur |es essais.

4 | Appareillage

4.1 Méthode A — Enroulement de fibre

L’appareil comprend un outil (par exemple, un mandrin ou une rainure de guidage sur uUne
surfface plane) capable de maintenirs{échantillon courbé selon un rayon indiqué dans| la
spégcification intermédiaire de produit~appropriée pour les fibres optiques ainsi qu'un appafeil
de|mesure des pertes. Déterminer les pertes par macrocourbures a la longueur d'onde
indjquée dans la spécification intermédiaire de produit appropriée par la technique del la
mejsure de la puissance transmise (Annexe A) ou par la technique de la fibre coupée
(Annexe B), en respectant(les conditions d'injection propres au type de fibre spécifique.

4.21 Méthode B —Courbures d'un quart de cercle

L'appareillage estconstitué d'une ou plusieurs plaques, chacune avec une ou plusieurs
"ralnures de/guidage" et d'un appareil pour mesurer les pertes. Les plaques doivent étre
concues afin® de pouvoir étre empilées pendant l'essai sans qu'elles puissent toucher
I'éghantilton de fibre de la plaque inférieure ou supérieure, un tel contact affectant [les
résjultats de mesure. Chaque rainure de guidage doit présenter un segment de quart de cercle
(c’jzst-é-dire 90°) comme le montre la Figure 1. Le rayon de courbure r, c’est-a-dire le rayon
du segment de quart de cercle, doit étre precise dans la specification particuliere. Il est
recommandé d'utiliser des rainures de guidage dont la largeur est supérieure de 40 % par
rapport au diamétre de la fibre.

Déterminer les pertes par macrocourbures a la longueur d'onde indiquée dans la spécification
intermédiaire de produit appropriée par la technique de la mesure de la puissance transmise
(Annexe A) ou par la technique de la fibre coupée (Annexe B), en respectant les conditions
d'injection propres au type de fibre spécifique.
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Rainure de guidage

Rayon de
courbure

IEC

Figure 1 — Rainure de guidage d'un quart de cercle\sur la plaque

4.3l Systéme d'entrée
4.31 Source optique

Utiliser une source de rayonnement appropriée, telle qu'une lampe, un laser ou une digde
élertroluminescente. Le choix de la source dépend du type de mesure. La source doit tre
le en position, en intensité et en longueur d'onde pendant une période de temps
isamment longue pour effectuer toute laprocédure de mesure. Spécifier la largeur de raie
ctrale (entre les points a 50 % de l'intensité de la puissance optique des sources utiliségs)
telle sorte que la raie soit étroite,\ par exemple inférieure a 10 nm, par rapport @aux
ctéristiques de I'affaiblissement spectral de la fibre. Aligner la fibre sur le cone d'injecfion
onnecter la fibre de maniére coaxiale a une fibre d'injection.

4.3.2 Configuration de I'injection optique
4.3.2.1 Généralités

La|Figure 2 représente la configuration générale de l'injection utilisée pour toutes les fibres.
Appliquer la configuration appropriée pour produire une injection compléte ou restreinte,|en
fonction du paramétre mesuré. Des informations plus détaillées sont présentées qux
parfagraphes</4:3.2.2 a 4.3.2.4, qui portent sur des catégories spécifiques de fibfes
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4.3
4.3

Un
d'e

(volir Figure A.1 ou Figure B.1).

4.3.2.2.2 Fibre amorce

Si

4.3.2.2.3 Systéme de lentille optique

Si
sta
un

pogitionnée de maniére’ répétée dans le faisceau d'entrée. Un moyen de rendre

LED/laser I
-\ |

5 y AR A I
7 7 7 1

/ !

Embrouilleur Extracteur de
de mode mode de gaine

|
Lampe : A }
| |

[] l Filtre de mode Injection

—— e o = - — d IEC

Figure 2 — Configuration générale d'injection

.2.2 Configuration d'injection pour les fibres unimodales
.2.2.1 Généralités
systéme de lentilles optiques ou une fibre amorce peuvent-étre utilisés pour exciter la fi

5sai. La puissance couplée a la fibre doit étre stable pendant toute la durée de la mes

un systéme de lentille opfique est utilisé, prévoir un moyen pour supporter de mani
pble I'extrémité d'entrée,de la fibre, par exemple un plateau a vide. Monter ce support
dispositif de positionnement de telle sorte que I'extrémité de la fibre puisse §

une fibre amorce est utilisée, il peut étre nécessaire d'utiliser une substance adaptat:l‘ice
d'indice entre la fibre amorce source .et-la fibre d'essai afin d'éviter les phénome
d'interférence.

pre
Lire

es

Bre
Sur
tre

le

pogitionnement de (a\fibre moins sensible consiste a saturer spatialement et angulairement

I'edtrémité de la fibre-.

4.3.2.2.4 Filtre de mode d'ordre élevé

Uti
lon

isercune méthode pour supprimer les modes de propagation d'ordre élevé dans la plage
gueurs d'onde d'intérét.

de

Un exemple d'un tel filtre de mode d'ordre élevé est une boucle de rayon suffisamment petit
pour décaler la longueur d'onde de coupure sous la longueur d'onde minimale d'intérét, mais
pas de taille si petite qu'elle induirait des oscillations dépendantes de la longueur d'onde.

Une autre option couramment utilisée avec les fibres unimodales insensibles aux courbures et
les autres fibres unimodales présentant peu ou pas de réponse de coupure consiste a utiliser
une fibre unimodale normalisée comme filtre de mode.

4.3.2.2.5 Extracteur de mode de gaine

Utiliser des techniques appropriées pour supprimer la puissance optique qui se propage dans
la gaine lorsqu'elle influencerait de maniere significative le signal regu. L'extracteur de mode
de gaine assure qu'aucun mode de rayonnement, se propageant dans la région de la gaine,


https://iecnorm.com/api/?name=b3738b208f45a95f426046cc6af2b76b

- 46 - IEC 60793-1-47:2017 © IEC 2017

ne sera détectable aprés une courte distance le long de la fibre. L'extracteur de mode de
gaine est souvent constitué d'un matériau dont I'indice de réfraction est supérieur ou égal a
celui de la gaine de la fibre. Il peut s'agir d'un fluide d'adaptation d'indice appliqué
directement a la fibre non revétue a proximité de ses extrémités. Dans certains cas, le
revétement de la fibre réalise cette fonction.

4.3.2.3 Configuration d'injection pour les fibres multimodales A1

L'injection exigée pour mesurer les pertes par macrocourbures des fibres multimodales A1
doit étre une injection a flux inscrit. L'Annexe C donne les exigences relatives aux
caraetéristigue i tbres-multimodales—de—categerie A1,

Le |flux inscrit émis par le cordon d'injection dépend des caractéristiques de la sQurce|de
rayonnement lumineux émergeant de I'extrémité du connecteur femelle, de la cofnexion|du
don d'injection au connecteur femelle, de la fibre optique dans le cordon d'injection et|de
conditionnement de mode appliqué.

Il ¢gonvient que le fabricant de l'appareil d'essai fournisse des spécifications relatives |au
corndon d'essai, compatibles avec la mise en ceuvre de la source particuliére utilisée. Lorsque
la $pécification concernant le cordon est satisfaite et qu'il est utilisé-avec I'appareil d'essaj, il
conpvient de respecter les exigences relatives au flux inscrit.

4.3.2.4 Configurations d'injection pour les fibres multimodales A2 a A4

Deps exemples de configurations d'injection générique paur des fibres pour liaisons de courtes
disfances décrits dans les Figure 3, Figure 4 et Figure® sont représentés ci-dessous.

T (@

Fibre en essai

Lentille IEC

Figure 3 — Systéme de lentille

()

Fibre 72—
d'injection
N Epissure Fibre en essai
Extracteur de mode de gaine
(si nécessaire) IEC

Figure 4 — Fibre d'injection

Fibre en essai

Embrouilleur de mode IEC

Figure 5 — Embrouilleur de mode (pour une fibre A4)
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La reproductibilité des mesures d'affaiblissement des fibres a saut d'indice est critique. C'est
pourquoi il est nécessaire de bien définir la configuration de l'injection. Cette configuration
peut étre réalisée en utilisant des composants optiques disponibles sur le marché. Elle doit
étre capable de fournir les tailles de points et les ouvertures numériques d'injection données
au Tableau 1. En outre, la longueur d'onde de mesure doit étre étalonnée a 10 nm.

Tableau 1 — Conditions d'injection pour des fibres A2 a A4

Attribut Catégorie de fibre

A2 A3 N A3 )
Cceur en verre/gaine en Cceur en verre/gaine en Eeeur-enplastique/gaine
verre plastique en plastique
Tdille du point = taille du cceur de la fibre = taille du cceur de la fibre = taille du coeur de\a fibrg
avec injection en\mode
complet (ougtiliser un
embrouilleuy de mode avef
injection\en'mode équilibrg)
Oyverture = ouverture numérique = ouverture numérique = ouverture numérique
numérique maximale de la fibre? maximale de la fibreP maximale de la fibre, aved
injection en mode complet®

2 |Cette condition d'injection peut étre produite en saturant un filtre de mede. fait d'une fibre de 2 metres
ide¢ntique a la fibre en essai, avec une extraction de mode de gaine appropriée et en utilisant la sortie de fe
filire de mode pour l'injecter dans la fibre en essai.

b |Cette condition d'injection peut étre produite de la méme fagon quéscelle décrite a la Note a. Toutefols,

ceftains types de fibres A3 et A4 n'exigeront pas une extraction de miede de gaine pour le filtre de mode.

4.j Systéme de sortie et détection
1

4, Diviseur optique
Si pn diviseur optique est exigé, son rapport de division doit rester constant pendant I'es$ai.
Le|rapport de division et la stabilitéi’de la température doivent étre indiqués dans| la
spécification particuliere. Des dispgasitifs disponibles dans le commerce ou fabriqués 4 la
demande peuvent étre utilisés.

4.4.2 Détecteur optique

La|surface du détecteur optique doit étre assez grande pour intercepter toute la puissanfce
rayonnée dans le cong-de sortie et le détecteur optique doit étre suffisamment linéaire sur|les
puissances optiques-rencontrées.

La|réponse &ur la surface active et la plage d'angle d'incidence a la longueur d'onde|de
megsure doivent étre suffisamment uniformes pour assurer le mouvement du céne de softie
dams umne_position ou un angle par rapport au détecteur. Les limites imposées par]| la
conception mécanique du matériel de mesure doivent étre respectées et ne doivent pas
aff¢cter les résultats de maniére significative. T

Lorsque plusieurs détecteurs sont utilisés, comme dans le montage représenté a la Figure
A.1, ils doivent provenir du méme fabricant, é&tre du méme modeéle et de linéarité comparable.

4.4.3 Ensemble de détection optique

Il convient que toute la puissance émise par le spécimen soit couplée a la région active du
détecteur par un moyen approprié. Par exemple, un systéme de lentille optique, une fibre
amorce terminée par une épissure en bout ou un couplage direct avec le détecteur peuvent
étre utilisés. Si le détecteur est déja muni d'une fibre amorce, le diamétre du cceur et
I'ouverture numérique de celle-ci doivent étre suffisamment larges pour capturer tout le
rayonnement lumineux sortant des fibres de référence et des spécimens de fibres.
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Utiliser un détecteur optique linéaire et stable sur la plage des intensités et des durées de
mesure rencontrées en effectuant la mesure. Un systéme typique peut inclure une photodiode
en mode photovoltaique amplifiée par un amplificateur de courant en entrée, avec détection
synchrone par un amplificateur a verrouillage.

4.4.4 Traitement du signal

Il est d'usage de moduler la source de rayonnement lumineux afin d'améliorer le rapport
signal/bruit au niveau du récepteur. Si une telle procédure est utilisée, lier le détecteur a un
systéme de traitement du signal synchronisé sur la fréquence de modulation de la source. Il

Coruinn+ alalda-cvctama dao dltaction cnit accantiallamant InAaira o1 i cac r\nrnn+t"\ric\+inlles
Vet Tt ) e CtTro SOt oo Serrerre et rmeoatte SteTrotray

soipnt connues.

a gondition que des rainures distinctes soient prévues pour chaque courbure supplémentgire
afim d'améliorer le rapport signal/bruit. Toutefois, I'approximation sur le diamé&tre"de courblre
et lle contréle des courbures peuvent se dégrader davantage.

Locisque les pertes sont censées étre faibles, d'autres courbures d'essai peuvent étre utilis¢es

5 | Spécimen

5.1 Longueur des spécimens

5.111 Méthode A — Enroulement de fibre
La|longueur de I’échantillon de fibre en essai doit’étre connue, comme indiqué dans| la
spégcification particuliére. En particulier, la longueur de I'échantillon en essai pour les pertes
est| déterminée par le montage de mesure, c’est-a-dire le rayon de courbure (R) et le nompre

de [tours (N); toute autre longueur de fibre n’affecte pas les résultats de mesure, a condiffon
qué le rapport signal/bruit soit optimisé.

5.1.2 Méthode B — Courbures d'un . quart de cercle

La|longueur du spécimen doit étre *déterminée conformément aux informations détaillges
présentées en 6.2.

5.2 Extrémités du spécimen

Préparer une extrémité a face plane, perpendiculaire a l'axe de la fibre, aux extrémités
d'eptrée et de sortiede chaque spécimen en essai.

6 | Procédure

6.1 Methode A — Enroulement de fibre

6.1..1 Considérations générales

Enrouler la fibre de maniére lache sur I'outil, en évitant une torsion excessive de la fibre. Le
nombre de tours, le rayon de courbure et la longueur d’onde pour lesquels les pertes doivent
étre mesurées sont traités ci-dessous en 6.1.1, ainsi qu'en 6.1.2 et 6.1.3.

Etant donné que le rayon de courbure réel est critique, une tolérance maximale de +0,1 mm
(pour les rayons inférieurs ou égaux a 15 mm) ou +1,0 mm (pour de plus grands rayons) est
acceptée. Une tolérance plus serrée sur des petits rayons est exigée pour une sensibilité de
mesure supérieure.

Tant pour les fibres unimodales que pour les fibres multimodales, deux puissances optiques
peuvent étre mesurées en utilisant
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— la technique de la mesure de la puissance, qui mesure l'augmentation de |'affaiblissement
de la fibre due au passage de la position droite a la position courbée, ou

— la technique de la fibre coupée, qui mesure l'affaiblissement total de la fibre a I'état
courbé. Afin de déterminer I'affaiblissement induit du fait des macrocourbures, il convient
de corriger cette valeur pour tenir compte de I'affaiblissement intrinséque de la fibre.

La longueur de fibre non enroulée sur le mandrin ainsi que la longueur de fibre coupée de
réeférence doivent étre exemptes de courbures qui peuvent modifier de maniére significative
les résultats des mesures. Il est également possible de réenrouler la fibre provenant d'un
mandrin de rayon important (qui introduit des pertes par macrocourbures négligeables) sur le
mayrretr Toré- ; dtre
ctement déterminées en utilisant la technique de mesure de la puissance (sans corregfion
de ['affaiblissement intrinséque de la fibre).

Dep précautions doivent étre prises pour ne pas introduire de torsion sur aucune partie|de
fible pendant la mesure, car ceci compromettrait le résultat.

6.1.2 Fibres unimodales

Différentes applications peuvent exiger des conditions de déploiement différentes: difféths
types de fibres ont été développés et présentent des performances en courbure optimis¢es
podir chaque condition.

Deplx environnements typiques sont reconnus pour des ‘types de fibres (éventuellemgnt)
diffiérents, pour lesquels il convient de prendre en, considération différents montages |de
megsure lors de la caractérisation des performances déifibres.

a) [Réseaux longue distance: loin des zones,_ urbaines, I'occupation de I'espace nlest
typiquement pas un probléme et les courbures imposées aux fibres peuvent étre limitées a
des rayons relativement grands. Il convient de soumettre a I’essai les fibres congues ppur
cette application dans des conditions ‘@nalogues, c’est-a-dire en enroulant les échantillpns
autour de mandrins de rayons relativement grands, par exemple dans la plage comp:ﬁse
entre 25 mm et 30 mm.

Ce montage de mesure est principalement affecté par des erreurs en relation avec|un
faible rapport signal/bruit et par une traction, des torsions ou des pliures indésirables pur
la longueur de fibre relativement grande utilisée pour la mesure.

b) |[Réseaux d’accés: les conditions de fonctionnement exigent des rayons de courbure aussi
petits que possible,;compatibles avec la durée de vie prévue et des pertes par courbufes
acceptables. Pour* plus d'informations sur la durée de vie prévue, se reportef] a
I'UIT-T G Suppl.)59:2016. Il convient de soumettre a I'essai des fibres congues pour cgtte
applicationc.dans des conditions analogues, c’est-a-dire les échantillons étant courlpés
avec desfrayons petits, par exemple dans la plage comprise entre 7,5 mm et 15 mm (yoir
Annexe . C).

La (mesure peut étre affectée par différentes causes, par exemple des réflexions qui
pelvent se produire au niveau de l'interface revétement-air ou revétement-verre, |au
mveau des Surfaces envitonmantes (y COmpris ta surface du marndrimm, e cas echearnt) ou
au niveau des connecteurs.

L’essai peut étre effectué sur des échantillons soit en réalisant un ou plusieurs tours complets
(360°), a l'air libre ou autour d’un support adapté (mandrin), soit en faisant un nombre
équivalent de tours partiels, par exemple demi-tours (180°) ou des quarts de tour (90°), a I'air
libre ou autour de supports adaptés. La longueur en essai est différente pour les tours
complets et pour les tours partiels, par exemple la longueur d’un tour complet étant deux fois
la longueur d’'un demi-tour ou quatre fois la longueur d’'un quart de tour. Dans le présent
document, le terme "enroulement” fait référence a un tour complet. Un enroulement pourrait
également étre constitué, par exemple, de deux demi-tours consécutifs! ou de quatre quarts

1 Sile déplacement entre des demi-tours successifs est excessif, la longueur de I’échantillon disposé sur les
deux demi-tours peut étre plus courte qu’'un enroulement. Un déplacement maximal entre deux demi-tours
adjacents de 0,5 mm est, de ce fait, suggéré.
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de tour consécutifs. Il convient de prendre cela en compte lors de la normalisation des
résultats a la longueur de I’échantillon (nombre d'enroulements).

Les recommandations suivantes s’appliquent aux conditions d’essai dans les deux cas a) et
b) indiqués ci-dessus:
Nombre de tours

— Il convient que le nombre de tours soit conforme aux valeurs indiquées dans la
spécification de produit.

— Pour les fibres unimodales_[|'affaiblissement augmente de facon linéaire avec le nompre

de tours.

— |Pour chaque rayon, le nombre de tours doit étre choisi de telle maniére que:

o les pertes induites sont significativement plus élevées que la limite de détection|du
montage; si nécessaire, par exemple pour les fibres a faibles pertespar courbures,
des essais peuvent étre effectués avec davantage de tours que la ‘spécification|ne
I’exige, suivis par la normalisation linéaire par rapport au nombre spécifié;

e les pertes induites sont significativement plus faibles que le début de la région npon
linéaire dans le montage; pour des rayons de courbure dans)la plage comprise entre
5 mm et 10 mm, ceci peut impliquer qu’il convienne de faire.au maximum 5 a 10 toufs.

Rajon de courbure

La valeur du rayon de courbure doit étre conforme  aux valeurs indiquées dang la
spécification de produit2-

Lompgueur d’onde

La longueur d’onde de mesure doit étre)de 1 550 nm ou de 1625 nm, selon| la
spécification de produit applicable. Il :¢onvient de considérer que les pertes par
courbures augmentent exponentiellemént'avec la longueur d’'onde.

L’hpmogénéité des pertes par courbures. en différentes positions angulaires sur la sectjon
trapsversale nécessite d’étre vérifiée sait par plusieurs essais de positions angulaires, soit[en
vélfifiant 'homogénéité du profil d’'indice de réfraction efficace établissant les propriétés|de
guidage de la fibre en essai courbée.

6.1.3 Fibres multimodales/(A1)

Leg pertes par macrocourbures dans les fibres multimodales A1 varient avec le rayon|de

courbure et le nombrfeide tours autour d’'un mandrin et sont moins sensibles a la longupur
d’onde que les fibres/unimodales. Toutefois, des effets d’oscillation avec la longueur d’onde

lieg a des groupes de modes successifs traversant la coupure et présentant une
augmentation-de' pertes par courbures a ces longueurs d’'onde peuvent se produire.

Lesg valeurs du rayon de courbure et le nombre de tours doivent étre conformes aux valeurs
indiqguées dans la spécification. Lors des essais a plusieurs tours, I'affaiblissement qui|se
prgduit’sur un tour spécifique dépend de I'affaiblissement des tours précédents. Les perntes
ajoutées par macrocourbures incrémentielles diminuent avec chaque ajout de tour. Il convient
que les pertes ajoutées par macrocourbures provoquées par plusieurs tours ne soient pas
exprimées en unités "dB/tour" en divisant les pertes totales ajoutées par le nombre de tours.
A la place, elles doivent étre consignées en dB pour le nombre spécifié de courbures. Une
extrapolation a un nombre de tours supérieur a celui spécifié donnerait lieu a une
surestimation des pertes globales.

Pour les seules fibres multimodales, les caractéristiques d’injection de la source de
rayonnement lumineux a la position d’injection de la fibre en essai doivent étre compatibles
avec l'application prévue des fibres. D’autres détails relatifs aux conditions d’injection des
fibres multimodales sont donnés a I'Annexe C.

2 La perte par courbure sur une fibre unimodale augmente exponentiellement lorsque la longueur d’onde
augmente et lorsque le rayon diminue (voir Annexe D).
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6.2 Méthode B — Courbures d'un quart de cercle

Cette méthode s'applique aux fibres multimodales des catégories A3 et A4. Il convient de
positionner soigneusement la fibre soumise a I'essai dans la ou les rainures de guidage (voir
Figure 1). Le début de chaque courbure contrdlée doit se situer a au moins s meétres du début
de la courbure contrélée suivante. Le début de la courbure contrélée la plus proche du cété
de l'injection doit étre a au moins 1 m de l'injection. La fin de la courbure contrdlée la plus
proche de I'extrémité du détecteur doit étre a au moins 1 m du détecteur (voir Figure 6).

La longueur minimale du spécimen doit étre déterminée selon les Equations (1) et (2).

L=(n-1)xs+2 (1)

S=%7Z’><R+2><R (2)

ou
L pstla longueur minimale de I'échantillon, en m;
n pstle nombre de quarts de tour de courbures;

s pst l'intervalle entre chaque courbure, en m;

R pst le rayon de courbure lache, en m.

Source de
rayonnement
lumineux

Plaquettes de rainures
de guidage

_________________________ N

1

1Tm

[ WY A -

N\

Fibre en essai

! Photodétecteur

Figure 6 — Courbures multiples avec utilisation de plaques superposées

IEC

Les pertes par macrocourbures causées par des courbures multiples de rayons différents
peuvent étre mesurées simultanément en superposant des plaques comportant des rainures
de différents rayons de courbure spécifiés (voir Figure 6).
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