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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

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

FOREWORD
1) Thel International Electrotechnical Commission (IEC) is a worldwide organization for st izatiop~canprising
all |national electrotechnical committees (IEC National Committees). The obje i romote
inteynational co-operation on all questions concerning standardization in the electfical and & iglds. To
this| end and in addition to other activities, IEC publishes International Stand Wi ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e to)gqs “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a C i interested
in the subject dealt with may participate in this preparatory work. d non-
governmental organizations liaising with the IEC also participate in thi closely

wit the International Organization for Standardization (ISO) in accorda Vith ned by
agreement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matt , possible, an interpational
congensus of opinion on the relevant subjects since eac i rom all
inteyested IEC National Committees.

3) IEC] ational
Con of IEC
Publi for any
mis

4) In ¢ cations
transparently to the maximum extent possible i i i icati . ivgrgence
bet € i¢ated in
the

5) IEC] for any
equ

6) All

7) No mployees, servants or agents including individual expgrts and
mef| ational Committees for any personal injury, property damage or
othg q ,Owhether direct or indirect, or for costs (including legal fe¢s) and
expe isi tlon use of, or reliance upon, this IEC Publication or any other IEC
Publi

8) Attgntion i ot ative’ references cited in this publication. Use of the referenced publications is
indi 2

9) Attgntion~i ibility that some of the elements of this IEC Publication may be the supject of
patg i p EC shal notBe held responsible for identifying any or all such patent rights.

InternptionakStandard IEC 60793-1-47 has been prepared by subcommittee 86A: Fibrgs and
cableg, of IEC technical committee 86: Fibre optics.

This third edition cancels and replaces the second edition published in 2006. It constitutes a
technical revision. The main change is listed below:

e Introduction of the Annex A describing small bend radius phenomena.

This standard is to be read in conjunction with IEC 60793-1-1.
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The text of this standard is based on the following documents:

CDV Report on voting
86A/1207/CDV 86A/1240/RVC

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

voting indicated in the above table.

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

A list pf all parts of IEC 60793 series, published under the general title Optic
found|on the IEC website.

The cpmmittee has decided that the contents of this publication
the mpintenance result date indicated on the IEC web site under
the ddta related to the specific publication. At this date, the pub i
* re¢onfirmed,

e withdrawn,

* replaced by a revised edition, or

* anpended.

A bilinlgual version of this publication m

al fibres;a

an be

d until

fch" in
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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

D 4 4 A0 4 4 A0 NA n bloaal ol b n ol £ lo H 1
- rdadrto 1oV U 170 J. WICTAOUTTITITITU TTTTUTUUS dllfu 1ol PIrULTUUTT O TUT TTITUTiariteal

characteristics

— | Parts 1-40 to 1-49: Measurement methods and test procedures f
optical characteristics

— | Parts 1-50 to 1-59: Measurement methods and test procedur

characteristics
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OPTICAL FIBRES -

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

1 Scope

This {
loss g
fibres
1 300

The s

part o

e M

muyltimode fibres.

e Mgthod B — Quarter circle bends, pertains to cat

For b

or the|cut-back technique.

Methd

fibre.

includ

that A3 and A4 multimod

fewer [bends compared,to single

In thel following ,

shaped support .

bent.

2 N

The follo

For dd ,

of the|referenged document (including any amendments) applies.
IEC 69793-1-1: Optical fibres — Part 1-1: Measurement methods and test procedd

nding
mode
nm or
eS.

ry A1

toring

same
ment,
nce is
atively

rcular
an be

ment.
edition

res —

ahand qguidance

IEC 60793-1-40: Optical fibres — Part 1-40: Measurement methods and test procedures —
Attenuation

IEC 60793-1-46: Optical fibres — Part 1-46: Measurement methods and test procedures —
Monitoring of changes in optical transmittance

IEC 61280-4-1: Fibre-optic communication subsystem test procedures — Part 4-1: Cable plant
and links — Multimode fibre-optic cable plant attenuation measurement
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3 Specimen

3.1 Specimen length
311 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 noise (S/N) ratio is optimised.

3.1.2 —Metheod-B—Quartereirele-bends

The specimen length shall be determined according to the details show

3.2 |Specimen end face

Prepare a flat end face, orthogonal to the fibre axis, at the inpf( h test
specimen.

4 Apparatus

4.1 Method A — Fibre winding

The apparatus consists of a tool (e.g. aumandre a-Quj gble to
hold the sample bent with a radius as s i ifi .g. i mode
fibres|and 37,5 mm for multimode fibres) a i : ine the
macrdgbending loss at the wavelength ; i peécificati .g. DO nm
for multimode fibres, er the
transmitted power manitoring i d -1- I-back
technique (method A 0 ki ition for
the specific fibre type.

4.2 |Method B —l

The apparatus cansis 5 re plates, each containing one or more “guide gropves,”
and a| loss-me . . The plates shall be designed to be stacked duripg the
test wlithout contacti ple fibre in a lower or higher plate; such contact will affgct the
measUlirepient \results;VEach guide groove shall have a quarter circle segment (i.e. 90°) as
shown in<Fi AN d radius r, i.e. the radius of the quarter circle segment, shall be
stated in th fai sification. The width of each guide groove shall be at least 04 mm
greatqr than the*diameter of the fibre.

Deternine’ the macrobending loss at the wavelength as stated in the specification (e.g.
650 nm—%ﬂ-m—ﬁﬁ%-mﬁm—emﬁm—mmmwmmg—m nique

(method A of IEC 60793-1-46) or the cut-back technique (method A of IEC 60793-1-40),
taking care of the appropriate launch condition for the specific fibre type.
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Figure 1 — Quarter circle guide g

rocedure

Method A — Fibre winding
General

essive fibre twist. The number of

ly wind the fibre )
loss is to be measured are discussed

ure radius and
ng paragr .

- th

chpnge from

- th

he straight condition to a bent condition, or

cut-back technique, which measures the total attenuation of the fibre in the

turns,
n the

lower
ighter

g:

e to a

bent

cohdition. In order to determine the induced attenuation due to macrobending, this

value

sh

ould 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 might introduce a significant change in the measurement result. Collection of excess fibre
in a bend radius of at least 140 mm is recommended.

It is also possible to rewind 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

intrins

Care

ic attenuation of the fibre).

must be taken in order not to introduce torsion on any fibre part during the
measurements, as this would affect the result.
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5.1.2

Single-mode fibres

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

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

a)

The tq
aroun

length
compl
the fo
exam
accou

The f

above)):

NU

Long distance networks: far from urban areas, space occupancy is not typically an

issue, and bends imposed to 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, e.g. in the range 25 mm to

30 mm.

measurement.

Access networks: operating conditions require bending 3
compatible with lifetime expectations and acceptable losses. kjb e
application should be tested in similar conditions, i/e>with thé\samples
radii, e.g. in the range 7,5 mm to 15 mm (see Ann

ive quarter turns. This should be taks
o the sample (number of coils).

Foreach radius, the number of turns shall be chosen in such a way that:
<<{/the induced loss is significantly higher than the detection limit of the set-up;

nd by
br the

ssible,
br this
small

tions.
rfaces

air or
s, for
The
of a

of, for
n into

nd b)

roduct

when

necessary, 1or example Tor Iow bend 0SS Tibres, (ests may be carried out Wit

more

turns than the specification requires — followed by linear normalization to the

specified number;

— 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.

Bend radius

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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The value of bend radius shall be in accordance with the values stated in the product

specif

ication2.

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.

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 fibre under test

5.1.3

Macro
a ma
oscillg
off an

The v
in the
turn d
loss d

Multimode (A1) fibres

bending loss in A1 multimode fibres varies with bend radius and numb
ndrel, but is rather independent of the measuring wavel
ting effects with wavelength, which are related to successiv

shoul

extragolation to more than the specified

overa

| loss.

ref turns 4

round
ssible
ing cut-

stated
becific
added
turns

s. An
of the

positipn of the fibre being tested sh ation.
Furthgr details on MM |aunching co
5.2 |Method B@J
The fibre to be tested [ly set in the guide groove(s). See Figure 1. The
beginping of ea all be s metres apart from the beginning of thé¢ next
contrglled bend. e controlled bend closest to the launch end shall e 1 m
from launch. rolled bend closest to the detector end shall be 1 m frgm the
detecfor. See
The nlinimu entehgth shall be determined according to the following Equation ([1):
L=(n-1)xs+2
(1)

s=i;r><R+2><R

where

4

L is the minimum sample length, (m)

n is the number of quarter-turn bends,

s is the interval between each bend, (m) and

R is the slack bend radius (m).

2 Bending loss on single-mode fibre increases exponentially as wavelength increases and as radius decreases
(see Annex A).
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Guide groove
- 1m - plates

Light Fibre under test
source l } —

IEC 1486/06

cously

e slgck bend radius, R > 150 mm,

e wgvelengths: 650 nm, 850 nm or 1 300 nm.

These parameters correspond to the interval between each macrobend being s > 1 m, and a
sample length L > 11 m.

The added fibre loss caused by bending shall be measured using either the transmitted power
monitoring technique (method A of IEC 60793-1-46) or the cut-back technique (method A of
IEC 60793-1-40). Use cladding mode strippers at the source and detector ends of the
specimen. A suitable cladding mode stripper consists of three turns of the fibre under test
around a 15 mm radius mandrel.

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 so
that the fibre has a bend radius > 150 mm.
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b) Measure the transmitted power.
c) Place the fibre in the measurement apparatus (Figures 1 and 2).
d) Measure the transmitted power.

NOTE When testing multiple macrobends, such as using the default value of » = 10, the mode distribution
encountered at a specific macrobend may depend on how many macrobends precede it. For example, the first
bend might influence the launch condition at the second bend, and the second bend might influence the launch
condition at the third bend, etc. Consequently, the macrobending added loss at a given bend may be different than
the macrobending added loss at another bend. In particular, the first bend may 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.”

6 Chplculations

The regsults are reported in dB as:

Loss(dB) = 10|Og10( PPW (2)

whereg| P er measured wijth the

bend

str IS the power measured without the bend a
bresent3.

NOTE

71

Repor

ladnghing conditions (MM fibres only)

pN 2

7.2 Information available upon request
The following information shall be available upon request:

— measurement method used: Aor B ;

— power measurement method: power monitoring or cut-back;
— description of measurement apparatus arrangement;

— details of computation technique;

— date of latest calibration of equipment.

w

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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8

Specification information

The detail specification shall specify the following information:

type of fibre to be measured,;
launching conditions (MM fibres only)
radius of curvature (Method A);
macrobend radius (Method B);

number of turns (Method A);

failure or acceptance criteria;

information to be reported,;

wgvelength(s) of interest;

anly deviations to the procedure that apply.

@%
o
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Annex A
(informative)

Small bend radius phenomena

General

This annex illustrates some features of single-mode fibre behaviour when bent to particularly

small

adii, depending on the fibre construction. It is based on practical experience of s

veral

fibre 1

The p
reco
exam

A.2

When
amon
length
pheng
reflec
coatin
the p
effect

proce
VS. W§
the in

on a mumber of turn

hanufacturers.

henomena described in this annex might affect the quality of tra

mended that fibre performances are confirmed under actua tior
le wavelength, bend radii and bent fibre length.

Interference between propagating and radiating-mod

measuring macrobending loss at low bend rad
j the fundamental propagating mode in th i modes can occur
of the sample under bend is s, radiating modes. |
menon, the propagating optical signal adi bent fibre core and
ed at curved interfaces outside\the\co dding or cladding-coat
g-air, like in the so called whispering galle henomenon), thus interferin

itions, constructive and destrn
s at a certain bend radius.

e"based on the exponential behaviour ¢
ill produce values that would be obtaine

5sing the spectr

velength. s ex
erference

thelrefore

s, for

rence
if the
n this
back
ng or
g with
uctive

f loss
d with
bd out
nique
bed of

in the
18x a
ts.

le four,

howe
unpra
An ex
follow
180° &
NOTE
so thatltheir'effect is balanced.
12
1,0
g/
0,8 N
c Y,
2 ~
% 0,6 /V\’(
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0,2
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Figure A.1 — Loss curves versus curve fits
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