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INTERNATIONAL ELECTROTECHNICAL COMMISSION
____________
OPTICAL FIBRES – MEASUREMENT METHODS –
MICROBENDING SENSITIVITY
FOREWORD
1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.
2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.
3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.
4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard is clearly indicated
in the latter.
5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.
6) Attention is drawn to the possibility that some of the elements of this technical report may be the subject of
patent rights. The IEC is not held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".
IEC 62221, which is a technical report, has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.
The text of this technical report is based on the following documents:
Enquiry draft

Report on voting

86A/652/CDV

86A/721/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 publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be
·

reconfirmed;

·

withdrawn;

·

replaced by a revised edition, or

·

amended.

This document, which is purely informative, is not to be regarded as an International Standard.
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OPTICAL FIBRES – MEASUREMENT METHODS –
MICROBENDING SENSITIVITY

1

Scope and object

This technical report describes four techniques for the measurement of microbending
sensitivity of optical fibre.
Methods A and B may also be used to measure the microbending sensitivity of optical fibre
ribbons.
Methods A, B, C and D are distinguished by the equipment used for measurements and their
applications:
·

method A uses an expandable drum and applies to class B fibres;

·

method B uses a fixed diameter drum and applies to category A1 and class B fibres;

·

method C uses a wire mesh and applied loads and applies to category A1 and class B
fibres;

·

method D uses a "basketweave" wrap on a fixed diameter drum, and applies to class B
fibres.

Methods A and C offer the capability to measure the microbending sensitivity over a wide
range of applied linear pressure or loads. Method B may be used to determine the
microbending sensitivity for a fixed linear pressure.
The results from the four methods can only be compared qualitatively.
These methods do not constitute a routine test used in the general evaluation of optical fibre.
This parameter is not generally specified within a detail specification.

2

Reference documents

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

IEC 60793-1-1:1995, Optical fibres – Part 1-1: Generic specification – General
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
IEC 60793-1-46:2001, Optical fibres – Part 1-46: Measurement and test procedures –
Monitoring of changes in optical transmittance

4
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Test procedures

3.1

Method A: expandable drum

3.1.1

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 a single-mode optical
fibre. This method may also be used to measure the microbending sensitivity of optical fibre
ribbons.
3.1.2

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. The curvature at any edges of the expanded segments of the
drum also exceeds 200 mm diameter. The drum surface is coated with a material of fixed
roughness, e.g. a sandpaper/lapping film PSA – grade 40 mm – mineral Al 2 O 3 . It is possible to
wind at least 400 m of the fibre or ribbon to be tested onto the rough surface. 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). 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).
3.1.3

Procedure

The fibre to be tested is carefully wound onto the coated drum with minimal tension (e.g. 40 g
to 50 g) in one single layer avoiding any crossing or overlapping. The fibre is fixed to avoid
any relative slipping. While expanding the drum the changes in attenuation coefficient and
phase are recorded.
3.1.4

Calculations.

The fibre elongation (A ) can be found from:
A=

∆θ
f × L

×V

(1)

where
,G is the phase shift (degrees);
f

is the modulation frequency (Hz);

L

is the length of the sample (km);

V

is the constant depending on the photo-elastic coefficient (k), of the speed of light in a
vacuum (c) and the group index (N):
V=

k ×c
360 N

(2)

For category B1 fibres, V is typically 726 km/s/degree.

© BSI 23 November 2001

5

PD IEC TR 62221:2001
TR 26122 © EI:C1002

–6–

From this the linear pressure P can be calculated:
P=

T
EAA
=
R
R

(3)

where

T

is the tension applied to the fibre (N);

R is the radius of the expandable drum in rest condition (mm);
E

is the Young’s modulus of the fibre (N/mm 2 );

A

is the cross-sectional area of the fibre (glass part) (mm 2 ).

The changes in attenuation coefficient (dB/km) are plotted as a function of the linear pressure
P (N/mm) or the elongation A (%). The points obtained are interpolated by a straight line
passing through the origin, the slope of which gives the microbending sensitivity (dB/km)/
(N/mm) or (dB/km/%) of the tested fibre.
3.1.5

Results

The following information should be reported for each test:
·

test apparatus arrangement;

·

minimum diameter of the expandable drum;

·

roughness and type of material used to cover the drum;

·

fibre identification;

·

length of fibre wound onto the expandable drum;

·

wavelength of optical source;

·

plot of measured change in attenuation coefficient as a function of the calculated linear
pressure or of the elongation;

·

microbending sensitivity [(dB/km)/(N/mm)] or (dB/km/%);

·

relative humidity and ambient temperature during the test.

3.2
3.2.1

Method B: fixed diameter drum
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 for a
fixed linear pressure applied to the fibre. This method may also be used to measure the
microbending sensitivity of optical fibre ribbons.
3.2.2

Apparatus.

The apparatus consists of a fixed diameter drum. In order to avoid macrobending effects the
minimum drum diameter is 200 mm.
The surface of the drum is coated with a material of fixed roughness (for example: sandpaper –
lapping film PSA – grade 40 mm – mineral Al 2 O 3 ). It is possible to wind at least 400 m of the
fibre/ribbon to be tested onto the coated surface of the drum.
The attenuation measurement is performed using the cut-back technique (method A of
IEC 60793-1-40) or by the backscatter technique (method C of IEC 60793-1-40).

6
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Procedure

The fibre to be tested is wound onto the coated surface of the drum in one single layer, i.e.
avoiding crossovers. The winding tension is 3 N.
Measure the attenuation coefficient of the fibre under test. Calculate the attenuation increase
due to microbending by subtracting the intrinsic attenuation coefficient of the fibre.
3.2.4

Calculations

The microbending sensitivity is found from the following relationship:
Microbending sensitivity =

=R
=
=
[(dB/km)/(N/mm)]
T
P

(4)

where
=

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 complete procedure may be repeated using different winding forces.
3.2.5

Results

The following information should be reported for each test:
·

date of test;

·

test apparatus arrangement;

·

diameter of drum;

·

roughness and type of material used;

·

fibre identification;

·

length of fibre wound onto the coated surface of the drum;

·

wavelength of the optical source;

·

microbending sensitivity [(dB/km)/(N/mm)].

3.3

Method C: wire mesh

3.3.1

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) to the fibre under test.
3.3.2

Apparatus

The apparatus comprises:
·

the microbend inducing equipment is shown in figure 1.

© BSI 23 November 2001
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Top plate

Wire mesh

Base to support the mesh
including post to align
the top plate
Vulcanised rubber
Fibre under test

IEC 1596/01

Figure 1 – Microbend-inducing equipment

3.3.2.1

Microbend-inducing equipment

An arrangement as shown in figure 1 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.
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 vulcanised rubber, having a 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 1, 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 wire 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 coarser mesh, e.g.
mesh number 20, is appropriate. Direct comparisons cannot be made between the results
obtained using different mesh sizes, the mesh number will affect the microbend sensitivity.

8
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The wire mesh has holes drilled into it to enable repeated accurate location 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 set of 1 kg weights is employed to
provide the additional load required to induce additional microbending losses. Alternatively,
use a controlled loading machine to achieve the required compression.
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 the direct
transmitted power measurement technique (method A of IEC 60793-1-46).
3.3.3

Procedure

The test is typically conducted on a 2 m to 3 m length of fibre.
Place the fibre in a loop in order to follow the circle on the rubber sheet. The fibre may be
held into position by no more than three small (£3 mm wide) pieces of tape. In order to avoid
crossovers ensure that the fibre enters and exits the apparatus at the point where the rubber
sheet is cut away.
Power readings is taken at each required wavelength prior to the application of the wire mesh
or any load.
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.
3.3.4

Calculations

The microbending sensitivity is calculated from the following:
Microbending sensitivity =

or

=
[(dB/km)/(N/mm)]
P

(5)

=
(dB/kg)
W

(6)

Microbending sensitivity =

where
=

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

P

is the linear pressure (N/mm), N being the load applied to the length of fibre beneath the
mesh;

W is weight in kg.

© BSI 23 November 2001
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Results

The following information should be reported for each test:
·

date of test;

·

test apparatus arrangement;

·

wire mesh specification;

·

fibre identification;

·

length of fibre under test;

·

length of fibre subjected to load;

·

wavelength of the optical source;

·

microbending sensitivity [(dB/km)/(N/mm)] or dB/kg.

3.4

Method D: basketweave

3.4.1

General

This subclause describes a procedure to measure the microbending sensitivity of class B
fibres as a function of temperature. This technique gives the attenuation loss increase over a
wide temperature range.
3.4.2
3.4.2.1

Apparatus
The fixed diameter quartz drum

The apparatus consists of a fixed diameter, silica drum. The drum composition is necessary to
match the expansion coefficient of the fibre. In order to minimise macrobending effects and
maximise microbending effects, the minimum drum diameter is 111 mm. An example of the
drum dimensions is found in Figure 2.
2 mm pitch

111 mm

200 mm
IEC 1597/01

Figure 2 – Quartz drum
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Temperature controlled test chamber

This test is conducted in an environmental test chamber with inside dimensions capable 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 extremes and
maintain the specified temperature within ±2 °C throughout the test duration. There should be
an access port or ports through which the fibre ends may extend allowing measurements to
be taken while maintaining a sufficient seal such that the specified temperatures may be
maintained.
3.4.3
3.4.3.1

Procedure
Sample preparation

The fibre to be tested is carefully wound onto the glass drum with a winding tension of
70 g ± 5 g and a pitch (distance between adjacent wraps of fibre) of 2 mm. The fibres in the
next layer are wrapped at the opposite angle. Every second layer, the angle reverses. The
crossover of the tensioned fibres from the adjacent layers creates the microbend mechanism.
It is recommended that 2,5 km of fibre be tested, as shorter lengths give unrepeatable results
and longer lengths do not improve the measurement. To achieve accurate and repeatable
results, the following wind conditions are recommended:
·

winding force

£ 0,7 N ± 0,05 N;

·

take-up width

³200 mm;

·

take-up pitch

2,0 mm;

·

tapered stack

0,5 mm/pass;

·

wind speed

1 m/s to 2 m/s.

3.4.3.2

Sample preconditioning

The sample needs to be 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 do not exceed 10 % of the fibre length inside the chamber. The fibre ends
should be prepared for transmittance or attenuation measurement as recommended in the
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).
3.4.3.3

Temperature cycling

Measure the attenuation as the sample is cycled to low temperatures. An example
temperature cycle is shown in figure 3. Alternative cycles may include lower temperatures
such as –60 °C.
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Temperature (°C)

Temperature cycle

30
20
10
0
-10
-20
-30
-40
-50
1

2

3

4

5

Duration (h)

6
IEC

1598/01

Figure 3 – Temperature cycle inside chamber
The measurements may be continuously monitored or are recorded at the end of each
constant temperature phase.
3.4.4

Calculations or interpretation of results

The microbend sensitivity at a given temperature shows an increase of fibre attenuation or
transmittance above its inherent attenuation or transmittance determined at room temperature
prior to any thermal excursions.
Data may be reported as either absolute attenuation or as a change in attenuation or
transmittance from baseline. Determine the attenuation change (dB/km) between the room
temperature attenuation and each low temperature attenuation.
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 performance in a
particular cable structure should be used as a reference. The fibre showing lower microbend
sensitivity on the glass drum is predicted to perform better inside the cable.
3.4.5

Results

The following information should be reported for each test:
·

date of test;

·

test apparatus arrangement;

·

fibre identification;

·

length of fibre under test;

·

length of fibre subjected to load;

·

environmental test conditions;

·

wind test conditions;

·

wavelength of the optical source;

·

microbending sensitivity (dB/km).
___________
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