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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE FOR RESIDUAL STRESS MEASUREMENT
OF OPTICAL FIBRE

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to
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end and in addition to other activities, IEC publishes International Standards, Technical Spécif
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred\ to

cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
e subject dealt with may participate in this preparatory work. International, goveramental g
Frnmental organizations liaising with the IEC also participate in this preparation. IEC collaborate
the International Organization for Standardization (ISO) in accordance with conditions detern
ement 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 committeeshas representation
ested 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 the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pul
parently to the maximum extent possible in their natiohal and regional publications. Any di
ben any IEC Publication and the corresponding nationalhor regional publication shall be clearly ind
tter.

provides no marking procedure to indicate its~approval and cannot be rendered responsible
ment declared to be in conformity with an IEC Publication.

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

Bbility shall attach to IEC or its directorsy employees, servants or agents including individual exp
bers of its technical committees and:/IEC National Committees for any personal injury, property dd

damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal fg
hses arising out of the publicdtion, use of, or reliance upon, this IEC Publication or any o
cations.

bensable for the correet. @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 shall\not be held responsible for identifying any or all such patent rights.

al commiftee may propose the publication of a technical report when it has cg
a different kind from that which is normally published as an International Stand
e 'state of the art".
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IEC/TR 62469, 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/1143/DTR 86A/1148/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 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.



https://iecnorm.com/api/?name=bd6b232f68beda4a01e7ebab4ffa1250

TR 62469 © |IEC:2007(E) -5-

GUIDANCE FOR RESIDUAL STRESS MEASUREMENT
OF OPTICAL FIBRE

1 Scope

The measurement of residual stress distribution in an uncoated glass optical fibre is
considered to be important as it affects critical fibre parameters such as refractive index,
intrinsic polarization mode dispersion, mode field diameter and dispersion. The optical
polarimetric method is a well-established technique to measure the residual stres;j of an

optical

the resjdual stress profile of any type of optical fibre.

The pr|nciple and detailed procedure for measuring the optical transverseistress prof
fibre, which is cylindrically symmetric, is described in detail. It is based,on a polar

which

tomographic technique is also described for measuring the stress profile of a fibre

cylindr

2 Justification of measurement

Residufal stress in an optical fibre is induced by the combination of the fibre constructi
the drgwing process. The stress information is important because it affects many im
parameters of an optical fibre due to the following*reasons.

e Temperature dependent changes of fibre parameters are larger for a fibre with
resfjdual stress, and these are responsible for the statistical behaviour of pola
mofe dispersion (PMD) changes in deployed fibre links. (See references [10-12].)1)

e The variation of important fibre parameters such as chromatic dispersion, mod

dia

[13H17].)

e The asymmetric residual stress profile of a fibre causes fibre curl, which affects ¢
quality for an optical fibre ribbon.

e The¢ asymmelric residual stress of a fibre is a major cause of the intrinsic PMDO
optical fibre. (See references [18-20].)

e Exgessive residual stress can lead to core cracking that might be seen in, for exam
prelparation of the ends for cannectors

material. This technical report describes a transverse polarimetric method to

s constructed with a fixed polarizer, a quarter-wave plate and-an-analyzer. An

cally non-symmetric structure.

meter, PMD depends op-the intrinsic residual stress of an optical fibre. (See refg
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e The design of polarization retaining fibres normally involves inducing a non-symmetric
stress field. This measurement can be used to confirm these designs.

Much progress has been made in measuring the residual stress profile of an optical fibre (see
references [1-9]) such that spatial resolution can be as small as 0,6 y and accuracy in

measu

ring stress can be as low as 0,4 MPa.

Depending on the application, either one- or two-dimensional stress data may be needed.
This document describes methods by measuring the polarization rotation of a transversely
exposed laser light across a fibre cross-section using a polarimetric method.

1) Figures in square brackets refer to the Bibliography.
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3 Apparatus

3.1 General

An optical transverse phase retardation measurement method is used to determine the
residual stresses in a fibre. Figure 1 shows a simple polariscopic phase retardation
measurement setup consisting of a polarizer, fibre sample, Babinet variable phase
compensator, and an analyzer. Stressed material shows stress-induced birefringence for light
propagating through the medium. By measuring the polarization dependent phase retardation
of light transmitted through a sample, the stress can be measured.

3.2 Light source

The light source shall be a laser with a specified optical wavelength and narfow |optical
spectrym bandwidth (maximum 2 nm at FWHM [full width at half maximum])A-collimated
laser light source is recommended. When a laser is used, a rotating diffuser_iSxrecommended
in order to remove coherent interference effects.

3.3 Polarizer and analyzer

The pqlarizer and the analyzer shall have a minimum polarization dependent transmission
contragt of 1:200. The transmission angles of the polarizér,and the analyzer gre set
perpendicular with each other within 0,1-degree accuracy.

34 Bample fibre preparation

The fibre sample shall be a few centimetres long. The jacket or plastic coating on the sample
shall be removed. The prepared sample is placed” between the polarizer and the analyzer.
Immerge the sample in an index matching gel.et<fluid. The refractive index difference bgtween
the cladding material of the fibre and the index matching material shall be less than|0,005.
The arlgle between the fibre axis and the polarizer or the analyzer shall be 45° within 0,1-
degreeg| accuracy.

Laser inpyt
—'.
! V4
Polarizer
i Optical fibre
_,—/"/
‘.-v"'
Bahinet r\nmpnnecfnr
Analyzer ‘ IEC 1690/07

Figure 1 — Polariscopic phase retardation measurement setup
for an optical fibre

For measuring a two-dimensional stress profile, a fixture that holds the fibre on a constant
axis at the holding position and allows the fibre to be rotated through 180° is required. The
fixture is required in order to be rotated with a motorized stage with an accuracy of 0,1°.

3.5 Variable phase compensator

A Babinet variable phase compensator is placed just after a fibre sample to add an external
phase term, which is used for an accurate phase retardation measurement. If the fibre sample
has non-zero axial stress components, it acts as a phase retarder due to stress-induced
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birefringence. Without a fibre sample and the Babinet phase compensator, no light can pass
through the analyzer.

3.6 Optical intensity detection

An optical intensity detection system is needed to detect the transmitted light intensity after
the optical analyzer shown in Figure 1. Such a device may consist of a single optical detector
with a small aperture size in the order of a few microns combined with a motorized linear
scanning system. A detector array may be used to provide a more precise location of the
deflections than might be obtained by a single detector. Such a system might include a
detector array or a CCD with a frame grabber.

3.7 Data acquisition

A conpputer is recommended to provide motion control, acquire data cand perform
computations.

4 D4dta analysis and formula

4.1 Seneral

The trgnsmitted optical intensity 7(y) as a function of the transverse distance of a fibrg y, can
be writjen as:

1(y,6)=1,sin’*{(5(3») +6)/2}, (1)

where [1,is background intensity, @ is the external phase retardation term from the Babinet
compepsator and §(y) is the phase shift indliced by linear birefringence due to the| stress
profile [of the fibre sample located between the polarizer and the analyzer. Figure 2|shows
typicallsine square intensity profiles as a'function of & for each ray displaced y value fjom the
centre jof the fibre sample.

150

\
Intensity 1(y,6) [a.u.] \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\i\\\\&&%\\\\\\\\\i\\

AN

\
100 \\\\\\

A

A

TR
\\\\\\\\\\\\ NN

60

. . -30 .
Phase,retardation 8 [radian] Distance y [um]

IEC 1691/07

Figure 2 — Measured transmission intensity as a function of fibre radius
and external phase
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As illustrated in Figure 3, laser light passes through the fibre’'s cross-section along the x axis
and c¢ is the outer radius of a fibre. For each transversely propagating ray through the cross-
section its phase §(y) can be expressed as:

lcz_yz

27

§() == [ =n)ds
_Jeit
= (2)
_ 2T [co.ax
A

_ lcz_yz

where |n, is the refractive index along the fibre axis z, n, is the refractive index algng the

transvgrse axis y, ¢ is the outer radius of a fibre, 1 is the wavelength-of a light source and o,
is the |axial stress of a fibre. Here, C is the stress optic coefficient of silica giyen as

C=355x10"" P! [1].

v

=
A

Fibre cross=section x

v

IEC 1692/07

Figure 3 — Propagation of laser light across
the fibre cross-section.

4.2 1-D stress profile for a fibre with a cylindrically symmetric structure

By using the Abel transformation [1-5], the stress profile O, (r) of an axially symmetric fibre
can be obtained as:

0.(N="10

—A do(y)/dy
[T ©
r y -r


https://iecnorm.com/api/?name=bd6b232f68beda4a01e7ebab4ffa1250

TR 624

69 © IEC:2007(E) ~9-

Figure 4 shows a typical calculated stress profile for a jacketed depressed inner cladding
fibre. It shows large stress peaks for the boundary between the substrate and the jacketing
tube as well as the boundary between the core and inner cladding.

60

Inner cladding

Core
Jacketed tube

Stress [Mpa]
w

o

4.3

For a f
(PM) fi
or mor

Figure
measu
measu

for eac

For a

T

Substrate

Fiber radius [um}

Figure 4 — Stress profile for a fibre with depressed inner cladding
and jacketed tube

P-D stress profile for a fibre with a cylindrically non-symmetric structure

bre with a non-axially symmntetric stress distribution such as a polarization main
bre, a two-dimensional((2~D) cross-sectional stress profile can be determined fr
e projected phase profiles with different projection angles « between 0° and 1809

5 illustrates an"example of the measurement procedure of projected phase reta
rements for_& PM fibre. The PM fibre is rotated along the fibre axis by 45° fq
rement. The phase retardation J(y, ) is measured as a function of the fibre r

h projection angle o.

ertain projection angle ¢, the projected phase retardation profile can be writtg

IEC 1693/07

taining
bm one
[6,7].

rdation
r each
adius y

n as a

line int

sgrat;

S(y,@) = 27/A[[n, —n, Jdx

(4)

Figure 6 shows projected phases for fifty different projection angles between 0° and 180° for a
PM fibre. Such phase retardation profiles with many different projection angles form a 2-D
projected phase retardation profile and are used to calculate the 2-D axial stress distribution
o_(x,y) of a fibre with non-axially symmetric structure by using the inverse Radon

transfo

rmation [8, 9]:

o..(x,y) = A/27C - iradon{5(y, )}

(5)
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where iradon{} represents the inverse radon transformation. The actual reconstruction of
cross-sectional stress data is obtained by using the filtered back-projection algorithm that is
explained in [8] and [9]. Figure 7 shows an example of a calculated 2-D stress profile

o_(x,y) for a PM fibre.
&)
0°

S

()

y
&)
90°
y

)

é % 135°

y

IEC 1694/07

Figure 5 — Examples of projected phase retardation measurement J(y)

for a PM fibre as a function-of fibre radius y when the projected angle &
is'0°, 45°, 90°, and 135°



https://iecnorm.com/api/?name=bd6b232f68beda4a01e7ebab4ffa1250

TR 62469 © |IEC:2007(E) -1 -

0,8

0,6

0,4
Phase rect.

Projection angle 120

180

IEC 1695/07

Figure 6 — Measured projected phases J(y;&) of a PM fibre
for various projected angles as a function of fibre radius

X [um] 40 -60

IEC 1696/07

Figure 7 — Calculated 2-D stress profile of a PM fibre
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5 Measurement procedure

5.1 Alignment of polarizer and analyzer

Without a fibre sample in the setup, rotate the axis of the analyzer in such a way that
minimum light can pass through the analyzer. This makes the angle between the polarizer and
the analyzer 90°. Place a Babinet compensator between the polarizer and the analyzer.
Calibrate the compensating angle @ of the Babinet compensator by making the transmitted
light a minimum when @ = 0.

5.2 Fibre mounting

solven{, note that mechanical stripping or thermal stripping is not recommended-because of
the str¢ss changes they may cause. Mount the bare fibre in the holding fixture and straighten
it withqut applying any force. Sandwich the fibre between two thin glass platés) with anp index
matching fluid or gel between them, note that the plates must be parallel \Place the sample
betwedn the Babinet compensator and the polarizer.

Preparf a fibre sample with a minimum length of 10 mm. Strip the plastic coating|with a

5.3 Taking transmitted intensity data 7(y,#)

For a |given external phase retardation angle & from the Babinet compensator, obtain a
transmjtted optical intensity /(y,#) as a function of the transverse distance of a fibre y} which
corresponds to I(y,0)=1, sin?{(8(y)+0)/2}. Repeat® this transmitted optical irjtensity
measufement while scanning the external phase retardation angles @ such that sine [square
intensity function /(y,#) can be obtained as a function of & for a given radius positiony. The

externgl phase retardation angle @ needs to be(scanned at least for 30° with a step sige of 1°
to redyce errors during the curve fitting prqocess. The scanning range of the externall phase
retardgtion @ needs to be carefully choseniso that the transmitted intensity data 7(y,[0) has

at leasf one maximum or minimum point.of a sine square function.

5.4 Calculation of 1-D stress profile for a fibre with a cylindrically symmetric

Itructure
For each transverse position y, calculate the phase retardation J(y) by fitting the
I(y,0)=1, sinz{(é‘(y)+0)/2} curve with a sine square function by using a least [square

curve fitting methad\\The stress profile of a fibore o_(r) can be calculated from §(y) using
equatign (3).

5.5 Calculation of 2-D stress profile for a fibre with a cylindrically non-symmetrjc
ftructure

For a fibre with a non-axially symmetric stress distribution, measure a series of phase
retardations J(y, ) in equation (4) for many different projection angles o between 0° and

180°. At least 20 different projected phase retardation measurements 5(y,05) with regularly

spaced projection angle o need to be measured. A sample fibre should be rotated along the
fibre axis with a computer controlled motorized rotating stage. Using equation (5), obtain the

2-D stress profile of the fibre o,_(x, ).

6 Documentation

6.1 Information to be reported for each measurement
1) ldentification of each test specimen
2) Date of the measurement
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3) Wavelength of the light source
4) 1-D fibre stress profile o _(r)

5) Optional 2-D fibre stress profile o_ (x, )

6.2 Information that should be available upon request
1) Description of the measurement method used

2) Description of the measurement equipment, including: light source, polarizer and analyzer,
Babinet compensator, imaging lens, detection device

3) Spatial resolution and stress resolution of the measurement equipment

4) Da]: and results for the most recent instrument calibration

5) Dafla on measurement reproducibility
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