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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -
MEASUREMENT METHODS -
MICROBENDING SENSITIVITY

FOREWORD

e subject dealt with may participate in this preparatory work. International, gevernmental
Fnmental organizations liaising with the IEC also participate in this preparation.(EC/collaborate
the International Organization for Standardization (ISO) in accordance with(econditions detern
bment between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical committee has representation
bsted IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made_to ‘ensure that the technical conten
cations is accurate, IEC cannot be held responsible for thé way in which they are used or
terpretation by any end user.

In onder to promote international uniformity, IEC Nationak\Committees undertake to apply IEC Pub

trans
betw
the |

IEC
asse
servi

Allu

No i
mem
othe
expe
Publ

Atten
indis
Atter
pate

parently to the maximum extent possible in their¢national and regional publications. Any di
ben any [EC Publication and the corresponding national or regional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity. Independent certification bodies provide cd
ssment services and, in some areas, access' to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certificatignbodies.

ers should ensure that they have the(latest edition of this publication.

Bbility shall attach to IEC or its ditectors, employees, servants or agents including individual exp
bers of its technical committees\and IEC National Committees for any personal injury, property d3
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fd
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the\Normative references cited in this publication. Use of the referenced public]
bensable for the carrect application of this publication.

tion is drawn, to‘the possibility that some of the elements of this IEC Publication may be the s
t rights. IEC¢hall not be held responsible for identifying any or all such patent rights.

ain task of IEC technical committees is to prepare International Standards. How

closely
ined by

national
from all

National
t of IEC
for any

lications
ergence
cated in

nformity

for any

erts and
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es) and
her IEC
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ever, a
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example "state of the art".

hrd, for

IEC 62221, which is a technical report, has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2001, and constitutes a
technical and editorial revision.

The main changes with respect to the previous edition are listed below:

a) updates related to B6 (bend-insensitive) category single-mode fibres;

b) inclusion of a definition for microbending and general properties;

c) expansion of general considerations;
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d) more details given for each method;
e) addition of an Annex A.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86A/1460/DTR 86A/1470/RVC

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

This pyblication has been drafted in accordance with the ISO/IEC Directives, Part 2!

The cogmmittee has decided that the contents of this publication will remainyunchanged until
the stdbility date indicated on the IEC web site under "http://webstore.iecch" in the data
related|to the specific publication. At this date, the publication will be

* recpnfirmed,

* withdrawn,

* rep|aced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at-a\ater date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication ind|cates
that if contains colours which are’,; considered to be useful for the cprrect
undergstanding of its contents. Users 'should therefore print this document uging a
colour|printer.
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OPTICAL FIBRES -
MEASUREMENT METHODS -
MICROBENDING SENSITIVITY

1 Scope

IEC 62221, which is a technical report, describes four methods (A, B, C and D) for the
measurement of microbending sensitivity of optical fibres.

These [four methods are distinguished by the equipment being used for measurements and

their applications:

e mefhod A using an expandable drum and applies to category A1 and class’B fibres;

e method B using a fixed diameter drum and applies to category A1 and)class B fibreg;

e mefhod C using a plate and applied loads and applies to category A1 and class B fibres;

e method D using a "basketweave" wrap on a fixed diameter drum, and applies to category
A1land class B fibres

Methods A and B may also be used to measure the mictobending sensitivity of opticpl fibre
ribbong.

Methods A and C offer the capability to measure_the microbending sensitivity over ja wide
range |of applied linear pressure or loads. Method B may be used to determiphe the
microbpnding sensitivity for a fixed linear pressure.

Methods A, B and D can also be used at different temperatures (temperature gycling)
providgd special low thermal expansion materials (e.g. quartz drums) are used.

The repults from the four methods can only be compared qualitatively. These methqds are
considered characterization type tests.

It shall be understood (that the microbend results from any method, could have sigpificant
variatign between laboratories.

These methods-do not constitute a routine test used in the general evaluation of opticgl fibre.
This pgrametéris not generally specified within a detail specification.

2 Normativereferences

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

IEC 60793-1-1:2008, Optical fibres — Part 1-1: Measurement methods and test procedures —
General and guidance

IEC 60793-1-22:2001, Optical fibres — Part 1-22: Measurement methods and test procedures
— Length measurement

IEC 60793-1-40:2001, Optical fibres — Part 1-40: Measurement methods and test procedures
— Attenuation
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IEC 60793-1-46:2001, Optical fibres — Part 1-46: Measurement and test procedures —
Monitoring of changes in optical transmittance

IEC 62614, Fibre optics — Launch condition requirements for measuring multimode
attenuation

3 General properties of microbending loss

Added loss due to microbending occurs when localized lateral forces along the length of the
fibore appear. These may be caused by manufacturing and installation strains, as well as
dimensional variations in_the cable materials due to temperature changes. Sensitivity to
microbfnding is a function of the difference of refractive index of the core and the(ladding,
and digmeters of the core and cladding. Coating structure and material property~niay also
have ah influence.

The effect of microbending in single-mode fibres is increased optical loss.at 1 310 nm} 1 550
nm and 1 625 nm wavelength ranges as opposed to macrobend effectscinisingle-mode fibres
that primarily is present in the longer wavelengths 1 550 nm and 1 625)nm.

In category A1 multimode fibres, microbending manifests itself in.general nearly equally over
a wide [wavelength range (e.g. 850 nm — 1 320 nm).

To reduce microbending losses, the cable structure has. to protect the optical fibrgs from
lateral [forces. Loose tube cable construction should bevoptimized to prevent buckling of the
fibre in the tube during temperature changes leading to possible macrobending as yell as
microbgnding loss.

Cable ¢omponents such as the cable sheath ‘and the strength member are important bgecause
they also help to reduce the microbending-Caused by the external mechanical forces|on the
cable gnd by temperature changes.

Microbpnding losses may also “be introduced in aerial cables subjected to exg¢essive
elongation (e.g. heavy ice loading)-

4 Ggneral considerations

4.1 _aunch condition for multimode fibres

Concenning mdltimode fibres, reference is made to the launching technique described in
IEC 62p14,.as-done for the macrobend test method.

4.2 Sample lengths

This technical report lists several methods to evaluate microbend sensitivity for optical fibres.
One key difference is the sample length requirements for the different methods. Though the
exact sample lengths may vary, a list with lengths that have been typically used is given here
below:

Method Length

A 300 m
B 400 m
C 2m-3m
D 2,5 km

4.3 Winding tension

When using methods A, B or D, the control of the winding tension should be mentioned and
carried out with a calibrated device. Added loss due to microbending is reasonably linear over
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a winding tension range from 1 N to 3 N, but different winding tensions could yield different
normalised microbending sensitivity results. For methods A and B, careful winding is required
with no crossovers in order to avoid negative influence on the correct winding force.

4.4 Relaxation time

Information about relaxation time should be given. Almost all fibres show some kind of coating
relaxation effect, most probably dependant on the mechanical properties of the secondary
layer of the primary coating. If no fixed relaxation time is used (time between ending the
winding and starting the attenuation measurement) less repeatable results may be obtained.
This relaxation time needs to be investigated by each user (depending on the particular
coating system tested).

Other rlnechanical relaxation issues (such as humidity and temperature) have been-ofjserved
such a$ the difference in storage temperature of the fibre spool and the winding/measurement
conditipns. This requires some description of the measurement conditions. -Tempgrature
cycling|is an additional option in microbending testing.

4.5 Material used for fixed roughness

For mdgthods A and B a fixed roughness material is required that(is single wide with only one
single seam such as wire mesh or adhesive sandpaper (e.g. a‘sandpaper/lapping film|{PSA -
grade 40 um — mineral Al,03).

Referepce measurements with known fibre are recemmended to control quality |of the
measufement.

4.6 Drum materials

Any kride of material may be used for the_drum used in methods B and D. The barr¢l shall
uniform (seamless, smooth surface, constant diameter).

The drim shall be of material showing high strength with a relaxation modulus that remains in
the glagsy plateau region for the time duration of the test.

4.7 Drum material for temperature cycling

Methods A, B and D gan/be used for temperature cycling tests. This requires a low fhermal
expangion material (e.g- quartz drum).

The sige of the)drum doesn’t need fixed dimensions. It is recommended that th¢ drum
diameter be-atleast 200 mm to minimize macrobending effects.

5 Testprocedures

5.1 Method A: expandable drum
511 General

This subclause describes a technique for the measurement of the loss increase due to
microbending effects induced by the application of linear pressure to category A1 and class B
fibres. This method may also be used to measure the microbending sensitivity of optical fibre
ribbons.

5.1.2 Apparatus

The apparatus is an expandable drum, the diameter of which can be changed continuously. In
order to avoid any loss contribution due to macrobending effects a minimum drum diameter of
200 mm is recommended, see Figure 1. The curvature at any edges of the expanded
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segments of the drum also exceeds 200 mm diameter. The drum surface is coated with a
material of fixed roughness (see subclause 4.5). The length under test should fit onto the
expandable drum. The winding pitch is controlled to prevent the fibre/ribbon turns from
overlapping.

While expanding the drum, the fibre elongation is measured using the phase-shift method
(Method E of IEC 60793-1-22: 2001). The attenuation measurement is conducted using either
the cut back technique (method A of IEC 60793-1-40: 2001), the backscatter technique
(method C of IEC 60793-1-40: 2001) or by the direct transmitted power measurement
technique (method A of IEC 60793-1-46: 2001).

IEC 2241/12

Figufe 1 —Set-up for expandab{g’i&um method used in an optical fibre testing fagility
v

5.1.3 Procedure

The fibre to be testeﬁi\&carefully wound onto the coated drum with minimal {ension
(e.g. 0}4 N to 0,5 N)qia* ne single layer avoiding any crossing or overlapping. The fibre is

fixed tp avoid any elative slipping. While expanding the drum the changes in attepuation
coefficient and p@&are recorded.

5.1.4 ct@ga)tions

The fibre\%(ongation (&) can be found from:

£= <V (1)

where

A6 s the phase shift (degrees);
f is the modulation frequency (Hz);

~

is the length of the sample (km);

is the constant depending on the photo-elastic coefficient (k), the speed of light in
vacuum (c¢) and the group index (Ng):
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kxc

= 2
360 Ny (2)
For Category B1 fibres, V' is typically 726 km/s/degree.
From this the linear pressure P can be calculated:
p=L_t4 (3)
R R

where

T ist
R ist
E ist
A ist
The ch
P (N/m

passin
(dB/km

5.2 Method B: fixed diameter drum

5.2.1

This su
and cl3
microb
used tq

5.2.2

The ap
minimu
used th

The su

he tension applied to the tibre (N);

e radius of the expandable drum in rest condition (mm);
e Young’s modulus of the fibre (N/mm?2);

he cross-sectional area of the fibre (glass part) (mm?2).
anges in attenuation coefficient (dB/km) are plotted as a function ‘of the linear pressure
m) or the elongation & (%). The points obtained are interpolated by a straight line

j through the origin, the slope of which gives the K microbending sensitivity
)/(N/mm) or (dB/km/%) of the tested fibre.

General

bclause describes a procedure to measure<the microbending sensitivity of catedgory A1
ss B fibres (see Clauses A.1 and A.3)..This technique gives the loss increase|due to
ending effects for a fixed linear pressurée applied to the fibre. This method may also be
measure the microbending sensitivity of optical fibre ribbons (see Clause A.2).

Apparatus
paratus consists of a fixed.diameter drum. In order to avoid macrobending effects the

m drum diameter is 200 mm. When a low thermal expansion drum (e.g. quartz drum) is
e method can be used.in temperature cycling as well, see Figures 3 and 7.

rface of the drm~is coated with a material of fixed roughness (see 4.5 and Figures 2

| Alternatively)\a wired mesh can be used, see Figure 4. The length under test should fit

e drum. {Jhe attenuation measurement is performed using the cutback tedhnique

(method A of IEC 60793-1-40: 2001) or by the backscatter technique (method C of IEC 50793-

a e method A o C 6079 46 00 monitoring-o hanges in

optical transmittance) with taking a reference measurement after releasing the fibre package

from th

e drum (with the fibre in loose wide coils).
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. IEC 2243/12
Fgﬁ’: — Example of a possible set-up in temperature cycling

D
&
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244/12
gure 4 — Alternative wire mesh set-up used in an optice)ﬁbre testing facilit

&

mple needs to be preconditioned for a minim@ of 12 h at standard atmo

Procedure

bns as specified in IEC 60793-1-1 (temperatuQ °C = 5 °C, relative humidit

N\
N
re to be tested is carefully wound ont surface of the drum in one single lay
g crossovers. The winding tension h $°to be controlled (see 4.3). The value b
d 3 N should be chosen and be ‘@Yithe same for all tests for better repeatal
alue for a multimode fibre or a higher value for a bend-insensitive fibore m

e due to microbending by s;&b acting the intrinsic attenuation coefficient of the f

012(E)

Epheric
y 45 %

er, i.e.
btween
ility. A
ght be

d. Measure the attenuation cg)b@‘icient of the fibre under test. Calculate the attefuation

bre. In

case dof power monitoring, the‘\@re package needs to be released from the drum|and a

reference measurement (with@e fibre in loose wide coils) can be performed yielding directly

the miqrobending loss. @ .

5.2.4 Calculation()O

The microbendir@]sitivity is found from the following relationship:

. . O s aR a

Microbgend %ensmwt = —— = — [(dB/km)/(N/mm 4
ing y T - [( ) )] (4)

where A\

a is the attenuation increase due to the microbending sensitivity (dB/km);

P is the linear pressure (N/mm), see Equation (3);

R is the radius of the fixed drum (mm);

T is the winding tension applied to the fibre (N).

The co

mplete procedure may be repeated using different winding forces.
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5.3 Method C: plate test
5.3.1 General

This subclause describes a procedure to measure the microbending sensitivity of category A1
and class B fibres. This technique gives the loss increase due to microbending effects caused
by the application of a wire mesh (under load) or sandpaper to the fibre under test

Wire mesh is recommended for this test method because the uneven surface of the
sandpaper often causes fiber breakage.

A very short piece of fibre is normally tested therefore relatively small additional bending
effects|at the boundary of the rubber plate / wire mesh could have a large effect.

5.3.2 Apparatus

An example of microbend-inducing equipment is shown in Figure 5.

Top platd

Wire mesh

AT Y
N N
(// \\I
\_% \\\ ’// N~
l ‘/ \\\ /
! N Base to support
N the mesh including
_____ < post align the top plate
Vulcanized rubber T S w

Fibre under test IEC 2245/12

Figure 5 — Microbend-inducing equipment

An arrangement as shown in Figure 5 is used to produce the microbend losses. The metal
base plate acts as a location and smooth surface for the upper layers of the equipment. Use
dowels or other devices to both align the plates and allow the top plate to compress onto the
lower plate.
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It is critical that all the surfaces should be flat and smooth so that the load is borne only by
the fibre. This can also be facilitated by reducing the surfaces to an area as small as possible
whilst still covering the fibre.

A sheet of vulcanized rubber, shore A hardness of 73 to 78, is fixed securely to the upper
surface of the base plate. Deploy the fibre in a single circular loop with a diameter of 98 mm
by laying it onto a pre-marked circle or by the use of a temporary deployment mandrel. As can
be seen in Figure 5, a section of the rubber is cut away, thus preventing fibre crossover at the
point where the fibre enters and exits the test apparatus. This cut out reduces the length of
fibre under test by approximately 8 mm. In order to avoid any spurious microbending effects it
is important that the rubber sheet is smooth and flat.

The wife mesh is constructed from woven stainless steel wire. The mesh is plain woven with a
mesh number of 70. If greater discrimination is required, then the use of a coarsermesh, e.g.
mesh number 20, is appropriate. Direct comparisons cannot be made betweén the |results
obtaingd by using different mesh sizes, since the mesh number will affect“the micfobend
sensitiyity.

The wife mesh has holes drilled into it to enable repeated accurate,{Ocation onto the dowels
(or other alignment devices) in the base plate.

The top plate, of nominal mass 1 kg has two location holes.whiCh have a sliding fit with the
dowels| (or other alignment devices) in the base plate. A setyof 1 kg weights is emplgyed to
providg the additional load required to induce additionafmicrobending losses. Alternptively,
use a dontrolled loading machine to achieve the required.compression.

The aftenuation measurement is conducted using the cut back technique (methofd A of
IEC 60[/93-1-40), the backscatter technique_(method C of IEC 60793-1-40) or the| direct
transmjtted power measurement technique (method A of IEC 60793-1-46).

5.3.3 Procedure

The tegt is typically conducted on @ 2'm to 3 m length of fibre.

Place {he fibre in a loop in order to follow the circle on the rubber sheet. The fibre ay be
held into position by no mere than 3 small (< 3 mm wide) pieces of tape. In order t¢ avoid
crossoYyers ensure that the fibre enters and exits the apparatus at the point where the|rubber
sheet is cut away.

Power |readings.are taken at each required wavelength prior to the application of the wire
mesh gr any lead.

Gently [apply the wire mesh to the fibre under test followed by the top plate (1 kg).

Take power readings at each required wavelength.

Apply further loads in 1 kg increments taking power readings between each successive
loading. Wait approximately 60 s after the application of any load prior to taking power
readings.

Optionally, upon completion of the test carefully remove all of the weights and the wire mesh.
Take a further set of power readings. This data can be used to establish whether there is any
permanent effect due to the test.

5.3.4 Calculations

The microbending sensitivity is calculated from the following:
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Microbending sensitivity = % [(dB/km)/(N/mm)] (5)

or Microbending sensitivity = %(dB/kg) (6)

where

a is the attenuation increase due to the microbending sensitivity (dB/km);

P is the linear pressure (N/mm), i.e. the load (N) applied to the fibre divided by the length (mm) of
fibre_beneath the mesh. This definition varies slightly from Equation (3);

W is the mass loaded onto the fibre (kg).
5.4 Nethod D: basketweave
5.4.1 General

This sybclause describes a procedure to measure the microbending sensitivity of category A1
and class B fibres as a function of temperature. This technique gives the attenuati¢n loss
increage over a wide temperature range.

5.4.2 Apparatus
5.4.2.1 The fixed diameter quartz drum

The aplparatus consists of a fixed diameter, silica drum. The drum composition is necessary to
match fthe expansion coefficient of the fibre. In otder to minimise macrobending effe¢ts and
maximise microbending effects, the recommendéd minimum drum diameter is 110 mm and the
minimym width 200 mm, see Figure 6. These‘parameters have historically been used.

e /%-_ 2 mm Pitch

. 0.0,

X
%020 %%
RRRKK

OO
0.0,
SRRRRRRKRK,

IEC 2246/12
Figure 6 — Quartz drum with basketwoven fibre
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In Figure 7 below the picture shows a set-up used in the industry.

IEC 2247/12
Figure 7 — Basketweave example as used in an optical fibre testing facility

5.4.2.2 Temperature controlled test chamber

This test is conducted in an environmental test chamber with{inside dimensions cappble of
accommodating the sample and allowing unrestricted air flow~around the test sample. The
chamber should have an operational range sufficient to cover the temperature extremjes and
mainta|n the specified temperature within £ 2 °C throughoelit the test duration. There shpuld be
an accgss port or ports through which the fibre ends_may extend allowing measuremgnts to
be taken while maintaining a sufficient seal suchxthat the specified temperatures may be
mainta|ned.

5.4.3 Procedure
5.4.3.1 Sample preparation

The filbre to be tested is carefullyvwound onto the glass drum with a winding {ension
0,7 N4 0,05 N and a pitch (distafice between adjacent wraps of fibre) of 2 mm. The fipres in
the next layer are wrapped at the opposite angle. Every second layer, the angle reverségs. The
crossoyer of the tensioned, fibres from the adjacent layers creates the microbend mechanism.
It is recommended that 256vkm of fibre is tested as shorter lengths give unrepeatable [results
and lopger lengths do-‘not improve the measurement. To achieve accurate and repgatable
results| the following wind conditions are recommended:

— winding forge 0,7 N+ 0,05N;

— take-up, width > 200 mm;

— take-tp,pitch 2,0 mm;

— tapered stack 0,5 mm/pass;

— wind speed 50 m/min to 100 m/min.

5.4.3.2 Sample preconditioning

It is recommended that the sample is preconditioned for a minimum of 12 h at standard
atmospheric conditions as specified in IEC 60793-1-1 (temperature 23 °C + 5 °C, relative
humidity 45 % + 25 %). After placing the sample in the chamber, the fibre ends extending
from the chamber ports does not exceed 10 % of the fibre length inside the chamber. The
fiore ends should be prepared for transmittance or attenuation measurement as
recommended in measurement technique used.

The attenuation measurement is conducted using either the cut back technique (method A of
IEC 60793-1-40), the backscatter technique (method C of IEC 60793-1-40) or by the direct
transmitted power measurement technique (method A of IEC 60793-1-46).
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5.4.3.3 Temperature cycling

Measure the attenuation as the sample is cycled to low temperatures. An example of
temperature cycling (cf. Annex A) is shown in Figure 8.

Temperature cycle

30
20 ¢ *
2 RIEAC 7
s 0 \, /
S o0 \ y 4
. N
.50 | |
1 2 3 4 5 6
Hours IEC 2248/12

Figure 8 — Example of temperature cycle inside).chamber

The measurements may be continuously monitored or aré‘recorded at the end of each
constant temperature phase. Determine the attenuation®’¢hange (dB/km) between th¢ room
temperature attenuation and at each low temperature attenuation.

5.4.4 Calculations or interpretation of results

The microbend sensitivity at a given temperature shows an increase of fibre attenugtion or
transmjttance above its inherent attenuationor transmittance determined at room tempgrature
prior tg any thermal excursions.

Data may be reported as eitheriabsolute attenuation or as a change in attenuation or
transmjttance from baseline.

Performance of fibre in a_given cable structure can be predicted by comparing the microbend
performance of the test~fibre and a reference fibre. The fibre of known performange in a
particular cable structure should be used as a reference. The fibre showing lower microbend
sensitiyity on the glass drum is predicted to perform better inside the cable.

6 Rdsults

The following information should be reported for each test:

— date of test;

— test apparatus arrangement;

— minimum diameter of the drum;

— roughness and type of material used to cover surface (i.e drum or plate);
— fibre identification; Origin, class, and category;

— For single-mode fibres: MFD/fibre cutoff wavelength;

— For A1 multimode fibres: NA and core diameter,;

— length of fibre under test;

— length of fibre subjected to load;

— environmental test conditions;
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wind test conditions;
tested wavelengths;

plot of measured change in attenuation coefficient as a function of the calculated linear
pressure or of the elongation (For method A Only);

microbending sensitivity [(dB/km)/(N/mm)] or (dB/km/%) or dB/kg or (dB/km)
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Annex A
(informative)

Representative results with method B

A.1  Single-mode fibres

Figures A.1, A.2 and A.3 below show some representative results achieved with this
technique. Parameters have been chosen as indicated in Clause 4, see Table A.1 below.

Table A.1 — Used instrument and values for single-mode fibres

OTDR
Wavelengths: 1 310 nm, 1 550 nm and
1625 nm

3 Pulse width/LSA: 50 ns

4 Winding tension: 1 N

5 Winding speed: 50 m/min

6 Winding pitch on sandpaper spool: 0,55 mm

7 Measured length oh sandpaper: 400 m

8 Sandpaper P320 _grit

9 Sandpaperispool size: quartz drum 280 mm x
280 mm

10 Température/humidity: 23 + 2 °C and 50 %
+.5% RH, see also Figure A.1

1 Change of sandpaper: reference
measurements at regular times

12 Relaxation time: 2 h recommended and take
readings within + 10 min and be consistent in
time for all the test fibore measurement

13 Conditioning of fibres: minimum 12 h at
50 %RH and 23°C £ 2 °C
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Evolution of the attenuation during a temperature cycle
for 10 different fibres (wavelength of 1 310 nm)
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Figure A.1 — Example of temperature cycling of 10 different unshifted
single-mode fibres (wavelength 1 310 nm)

Evolution of the attenuation during a temperature cycle

for 10 different fibres (wavelength of 1 550 nm)
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Figure A.2 — Example of temperature cycling of 10 different
unshifted single-mode fibres (wavelength 1 550 nm)
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