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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-34: Measurement methods and test procedures — Fibre curl

EOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. To\this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publjeation(s)”). T
breparation is entrusted to technical committees; any IEC National Committee interested in,the/Subject dealt
may participate in this preparatory work. International, governmental and non-governmental\organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement between-the two organization

The formal decisions or agreements of IEC on technical matters express, as nearlyas 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 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 for the ‘way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National -Cémmittees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their nationaland regional publications. Any divergence betw
any IEC Publication and the corresponding national or regignal publication shall be clearly indicated in the la

EC itself does not provide any attestation of confarmity. Independent certification bodies provide confor
bssessment services and, in some areas, access.tolEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have the latést edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees andilEC 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 IEC Publicat
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Attention is drawn to the Normative references cited in this publication. Use of the referenced publicationfs is

ndispensable for the correct application of this publication.

Attention is drawn to thepossibility that some of the elements of this IEC Publication may be the subject of pa
rights. IEC shall not be‘held responsible for identifying any or all such patent rights.

s redline version of the official IEC Standard allows the user to identify the chang
de to theprevious edition IEC 60793-1-34:2006. A vertical bar appears in the mar
rever.a’/ change has been made. Additions are in green text, deletions are
kethrough red text.
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International Standard IEC 60793-1-34 has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision.

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

a) modification of several derivation equations for laser scattering;

b) [change of angular increment from 10° to 30° to 10° to 45°;

c) |change of Annex B from informative to normative.

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

CbhV Report on voting
86A/1971/CDV 86A/1994/RVC

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/AEC Directives, Part 2.

A list of all parts in the IEC 60793 series, published-under the general title Optical fibres, ¢an

be [found on the IEC website.

Thtcommittee has decided that the contents 6f-this document will remain unchanged until the

stapility date indicated on the IEC website under "http://webstore.iec.ch" in the data related to

thel specific document. At this date, the doeument will be

e |reconfirmed,

e |withdrawn,

e |[replaced by a revised 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 understanding of its

contents. Users should therefore print this document using a colour printer.
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OPTICAL FIBRES -

Part 1-34: Measurement methods and test procedures — Fibre curl

Bo

splice loss of optical fibres when using passive alignment fusion splicers or active.alignm
5s fusion splicers.

b methods are recognized for the measurement of fibre curl, in uncoatedoptical fibres:

method A: side view microscopy;

method B: laser beam scattering.

h methods measure the radius of curvature of an uncoated-fibre by determining the amo

of deflection that occurs as an unsupported fibre end is rotatéd-about the fibre's axis. Metho

use
ali

s visual or digital video methods to determine the deflection of the fibre while method B u
ne sensor to measure the maximum deflection of one laser beam relative to a reference la

beam.

By

ent

unt
1 A
bEeS
ker

measuring the deflection behaviour of thefibre as it is rotated about its axis and

undlerstanding the geometry of the measuring.device, the fibre's radius of curvature can

cal

Bo
IEQ

culated from simple circular models, the~d€rivation of which are given in Annex C.

h methods are applicable to types—A+—A2—-A3—and B optical fibres as described| i

60793 (all parts).

Method A is the reference test method, used to resolve disputes.

2

Th
cor
Fo

Normative referénces

be

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

stitutes requirements of this document. For dated references, only the edition cited appli

eS.

undated<references, the latest edition of the referenced document (including &ny
amendments) applies.

IE(

60793 (all parts), Optical fibres

3

No

Terms and definitions

terms and definitions are listed in this document.

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

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

ISO Online browsing platform: available at http://www.iso.org/obp
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4 Apparatus

4.1 Principle

An uncoated fibre end is mounted in a rotatable fixture so that the end extends freely into space
by an overhang distance which will depend on the measurement device. The overhang distance
is from the fibre fixture to the free endface of the uncoated fibre. The measurement distance
from the fibre fixture to the measurement point is typically 10 mm to 20 mm, and the
measurement point shall be close to the fibre's free endface. If the measurement device is
deS|gned wﬂh—e#erhang measurement dlstances greater than this, care—mest shall be taken to
aV |u GAUUOOIVC UCBIGUGLIUII UUU LU CIIC\JLO UI VIUIGLIUII Gllu yIGVILy IIIU IIUIU IO IUI.GI.UU Gllu he
deyiations in the position of the—everhang test point relative to a reference position\ pre
megsured to obtain the fibre's radius of curvature, r..

Details pertaining to the two methods are given in the relevant Annex A or Annéx, B. Comnon
apparatus requirements are given in 4.2 to 4.5.

4.2l Fibre holding fixture

Prqvide a fixture that holds the fibre on a constant axis at the holding position and allows the
fib}e to be rotated through 360°. The fixture may be a v-groove halder such as a vacuum chiick

fibre ferrule. If a ferrule is used, take care to ensure that the inside diameter is sized clogely

engugh to the fibre diameter to minimize variability in the deflection measurements.

4.3 Fibre rotator

Prqvide a device to grip and rotate the fibre through 360°. The device may be manually operated,
or it may be driven by a rotational device such as a stepper motor.

4.4 Deflection measurement device

Prqvide a deflection measurement device according to either Annex A or Annex B.

4.5 Computer (optional)

A domputer may be used to'provide motion control, data collection and computation.

5 | Sample preparation

Usée an uncabled\fibre of appropriate length for the instrument design. Remove enough coatjng
from one end{te-allow mounting in the fibre fixture with the necessary overhang. The fibre should
nof extend\much past the measuring device's required-everhang measurement distance since
exgessjve fengths can cause degradation as discussed in 4.1.

6 Procedure

6.1 General

Details for each method are given in Annex A and Annex B. Common procedures are described
in 6.1 and 6.2.

6.2 Mounting of the fibre

Mount the fibre in the holding fixture so that the stripped end extends into free space with
sufficient length to extend up to or beyond the—everhang measurement distance. Typical
overhang measurement distances range between 10 mm and 20 mm. Attach the other end of
the fibre to the fibre rotator. If the-overhang measurement distance is excessive, or the stripped
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fibre is substantially longer than the required—everhang measurement distance, then the

me

6.3
Fol

7

asurement may be degraded.

Rotation

low the procedure of Annex A or Annex B.

Calculation

Co

NO
of ¢

8.1

Thy

() (R | ! 1 o yarn) £l 1 H A A A n
IMYITLT 1T UcigalicUu Laituiatvurt Ul e nmure CuUrTt, IC, USTiy ATMTICA AU ATITICTA D.

[E Though the intermediate parameters used in the calculations are typically scaled in micrometresythe ra
urvature, r, is typically re-scaled in units of metres.

Result

The following information should be reported for each test:

date of the test;
fibre identification;

fibre radius of curvature.
The following information should be available for each test:

method used to determine curl;
technique used for calculations;
description of the equipment;
calibration data.

Specification information

e detail specification shall.specify the following:

information to be reported;
any deviations to the procedure that apply;

failure or aceeptance criteria.

jius
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Annex A
(normative)

Fibre curl by side view microscopy

A.1 Principle

This procedure measures the radius of curvature of an uncoated fibre by determining the
am i i i ibre' is.
By knowing the amplitude of the deflection of the fibre and the-everhang measurement distance
from the fibre fixture to the measurement point, the fibre's radius of curvature can be calculated
from a simple circular model, the derivation of which is given in Clause C.1. Schematic diagr
of fypical test set-ups for these techniques are shown in Figure A.1, Figure A.2 and Figure A.3.

CCD Camera Digital filar Microscope Fibre sample  Diffuser

. ii

]
|

Vacuum-chuck —» Light source
/ Read out
Analyzer
T Rotating holder
Monitor e

Figure/A.1 — Schematic diagram for apparatus to measure fibre curl
using an optical microscope
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Laser micrometre

Stepper motor i
Fibre
Scanning
i beam
Reference edge —
Magnetic chuck Vacuum chuck
Computer

J

Figure A.2 — Schematic diagram for apparatus’to-measure fibre curl
using a laser micrometre

IEC

CCD camera

10x objectif

Ferrule Fibre clamp

Fibre under test |

o

\White light source

IEC

Figure A.3 — Schematic diagram for apparatus to measure fibre curl
trit ot et ¢ ;

A.2 Apparatus

A.2.1 Deflection measurement device

Provide a device to measure the fibre deflection as it is rotated through 360°. Such a device
may consist of a viewing microscope or an optical measuring instrument such as a laser
micrometre. If a viewing microscope is used, provide means to permit accurate measurement
of fibre deflection, such as a filar eyepiece or a digital image analysis system.
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A

2.2 Video camera and monitor

A video camera and monitor may be used to enhance the viewing system for manual or
automated operation.

A

.2.3 Digital image analysis system (optional)

A digital video analyser may be used to provide more precise location of the deflections than
might be obtained by a filar eyepiece. Such a system might include an analogue or digital video

camera, a frame grabber and associated software for the purpose of locating the fibre's position
at the n\lnrhanc measurement distance as the fibre is rotated

A.3 Test procedure

A.3.1 General

Tw

thaft is limited by the precision with which the extremes of the deflection*can be determin
The second is a Fourier fitting method.

A

R
R

3.2 Procedure for the extrema technique

olate the specimen until the deflection is at a maximum and{ecord the deflection value, D,

of fhe maximum, and record the deflection value, D i«

A

R

3.3 Procedure for the Fourier fitting techhique

erord the deflection of the specimen at its.initial position, D,, and angular position, ;. Rot

thel specimen through 360° (do not duplicate the initial position in the data as the last angy

b techniques are provided for obtaining the deflection, &. The first is an ‘'extrema technique

Ed.

ax-

ojate the specimen until the deflection is at a minimum, typically 180° from the angular position

ate
lar

are

A1)

posgition), stopping at equal angular. increments and recording the deflection values at each
incfement, D, ,, and its angular pasitions, ¢, ,. Angular increments of 10° to—30 45°
typjcally used.
A.4 Calculations
A.4.1 Extrema technique calculation
The fibre deflection & is calculated by Formula (A.1):
Doy — D

5 — max min A

e, (
where
Dpax @nd D, are the maximum and minimum deflection values, generally described

A

micrometres.

4.2 Fourier fitting technique calculation

Compute the first order Fourier coefficients:

in

2 n
Iy==" D; % sin) (A.2)
n
i=1
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2 n
Ry=="D; % cost, (A.3)
n
i=1

Compute J; as the magnitude of the first-order Fourier component:

Sp=RZ + I (A.4)

u- S6 7 . H ue
degcribed in A.4.2 and least squares fitting of the amplitude and phase are numerically
equivalent.

A.4.3 Computation of fibre curl
Fibre curl, r, is computed as:

_ Zm2 + 5f2

75 (A.5)

where
Z|is the-everhang measurement distance.
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Annex B
(irformative normative)

Fibre curl by laser beam scattering

B.1 Principle

This procedure measures the latent curvature (curl) in an optical fibre by laser beam scattering.

This procedure measures the radius of curvature of an uncoated fibre by determining, the
ampunt of deflection that occurs as an unsupported fibre end is rotated about the fibre's axis.
By|measuring the differential deflection of two beams separated by a known distance*and the
geometry of the measuring device, the fibre's radius of curvature can be calculated from a
sinple circular model, the derivation of which is given in Clause C.2. A schematic diagran is
shown in Figure B.1.

B.2 Apparatus

B.2.1 Light source

Split He-Ne laser beams are used as the light source.

B.2.2 Detector

An|image sensor such as CCD line sensor is used\as the detector.

B.3 Test procedure

B.3.1 General

Twp techniques are provided for.gbtaining the deflection difference, AS. The first is an extrema
technique that is limited by the precision with which the extremes of the deflection can|be
defermined. The second is_a-Fourier fitting method.

B.3.2 Procedure for.the extrema technique

Rofate the specimen-until the deflection is at a maximum and record the deflection value, AS{ ..

B.3.3 Procedure for the Fourier fitting technique

Retordthe deflection of the specimen at its initial position, AS4, and angular position, 6,. Rotate

thel specimen through 360° (do not duplicate the initial position in the data as the last angylar
position), stopping at equal angular increments and recording the deflection values at each
increment, AS, ., and its angular positions, &, ,. Angular increments of 10° to-30 45° are

typically used.

B.4 Calculations

B.4.1 Extrema technique calculation
Sp =ASmax - AZ (B.1)

where
AZ is the separation distance of the two laser beams.
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Fourier fitting technique calculation

Compute the first order Fourier coefficients:

n
I :EZAS,- x sind; (B.2)
i
2 n
Ry == AS; X cost, (B.3)
=
Compute-AS S, as the magnitude of the first-order Fourier component:
Sp =+ R + I (§.4)
Least squares fitting of the set of §, and (AS; — AZ) may be used as an altefnative. The Foufier
tecIvnique described above and least squares fitting of the amplitude and)phase are numerically
equivalent.
B.4.3 Computation of fibre curl
, ~2EAZ (d.5)
SA

wh

AZ

ere

VA

Eibre

is the distance between the fibre and the line’sensor;
is the laser beam separation distance.

Y

Line sensor

AS

Laser

D) Fibre holder

Figure B.1 — Schematic diagram of optical curl by laser beam scattering

IEC


https://iecnorm.com/api/?name=f1dc325e6b1f14bc7ccfd596019123de

IEC 60793-1-34:2021 RLV © IEC 2021 - 15—

Annex C
(informative)

Derivation of the circular fibre curl model

C.1 Derivation of equations for side view microscopy

Figure C.1 shows the geometrical layout of side view microscopy fibre curl measurement.

Fibre holder

IEC
Figure C.1 — Geometrical layout of side view microscopy fibre curl measurement

W¢g define the following:

Z|is the-everhang measurement distance;
os |is the fibre deflection from the fibre holder’s axis measured at Z;

C [is the hypotenuse of right triangle formed by Z,, J;, and C.

Therefore,

=4
v om

Form an isosceles triangle with C as the base and sides r, extending from the centre of the
circle. Bisect C and form two right triangles from the isosceles triangle. Angle ad of the newly
formed right triangles is equal to angle d of the Z,, 6 and C right triangle.

Therefore,

)
siné=%= /2 C (C.2)
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Substituting Formula (C.1) into Formula (C.2) gives:

2,62
Zm +5f
Iy =——— C.3
: =5 (C.3)
C.2 Derivation of equations for the laser scattering method
Figure C.2 shows the deometrical layout of laser scattering fibre curl measurement.
i
|
| Y
61 not shown / |
|
|
o
5, 4
=
' 3
| =
| ‘ B o
-~ N
| .
| |
|
|
|
| N
|
' i
|
I y_y o
' )
|
| N
|
e i Y___
|
|
|
|
l o)
| S
2
©
8
[T
S
—
IEC
Figure C.2 — Geometrical layout of laser scattering fibre curl measurement
We-define-the-foHowing:
AZ is the separation distance between the two laser beams;
L is the distance between the fibre holder's axis of rotation and the sensor plane;
Zg is the distance from the fibre holder to the first beam's impingement point.
Note that:
AS =275 -7, (C.4)
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Z :[L + Zgtan %}tanZwl

Z :[L +(AZ + Zg)tan %}tanzwz +AZ

(C.5)

(C.6)

The small corrections to the parameter L in Formulae (C.5) and (C.6) are due to the fact that
when the curled fibre is rotated to its maximum deflection point, the laser beams impinge on

th £l + dictaon wwbialk p Bl B ’7G adA~Z Tk foroa ‘ -tk el o £ I\’7?I},
IMMUTS dl d UTotdiTu e wWiltuimT Uus CiITUuo UITT IC, i [Z LR AY ¥ = V.o FTTCOoU IUTTITo AT VUIT UTS UTUCT VT 432 C,
which for practical systems are very small, and can usually be ignored.
Th¢ z-coordinates of each beam relative to the fibre constraint point are
Zg =1.8inay (9.7)
AZ =rsinay - Zg (g.8)
Th¢ angle w4 can be expressed two different ways:
. Z
sinay ==& (d.9)
Ta
tan2e, ——e— 21 A (C.ho)
L+ ZGtanﬂ L
2
Likpwise, the angle w, can be expressed in two different ways:
. Zo+tAZ
sinp, =262 (c.fr1)
e
tan2a, = Z3-AZ ~ 2272 (C.h2)
L+(AZ+ZG)tan% L
It i$ convenient to measure the difference between the deflections of the two beams, AS, which
Wll bG ;IIVGI;GIIt vv;th thc allslc Uf Clltly Uf thc f;blc. ‘VAV’hCII thc f;blC'O bul: lad;uo ;O oubotallt; ”y

larger than the geometrical parameters L, Zg and AZ of the measuring device, we can

successfully use small angle approximations to get the difference results.

If we assume for both w4 and w, (a good assumption for practical fibres and implementations):

tan2w~2w
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n we can rewrite Formula (C.4) as:

AS =2L(ay - )+ (AZ + Zg)o? - Zgw + AZ (C.13)

and using Formulae (C.9) and (C.11) (and the small angle approximation), we get

2EAZ A A
AS = +AZ A - (C.
e T e

14)

hat

15)

16)

Inspecting Formula (C.14), we can see two cubic terms. If one considers a practical system
with a very curled fibre (. = 1 m) and letting AZ and Z5 be 0,01 m (1 cm), thenwe’can see t
thelse cubic terms become very small compared with the first two terms. We, ¢an then write
As=SEAZ 4 a7 (C.
e
and finally
e = 2LAZ (C.
AS -AZ
For practical fibres and measuring device constraints, all of the above approximations will

cof
the

tribute errors in excess of hundredths ef\percent. For fibres with curl radii in excess of 5
se errors become even smaller.

hot
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-34: Measurement methods and test procedures — Fibre curl

EOREWORD

1)

2)

3)

4)

5)

6)
7)

8)

9)

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. To\this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publjeation(s)”). T
breparation is entrusted to technical committees; any IEC National Committee interested in,the/Subject dealt
may participate in this preparatory work. International, governmental and non-governmental\organizations liai
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement between-the two organization

The formal decisions or agreements of IEC on technical matters express, as nearlyas 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 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 for the ‘way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National -Cémmittees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their nationaland regional publications. Any divergence betw
any IEC Publication and the corresponding national or regignal publication shall be clearly indicated in the la

EC itself does not provide any attestation of confarmity. Independent certification bodies provide confor
bssessment services and, in some areas, access.tolEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have the latést edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees andilEC 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 IEC Publicat

ndispensable for the correct application of this publication.

Attention is drawn to thepossibility that some of the elements of this IEC Publication may be the subject of pa
rights. IEC 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 publications is

ent

Int¢rnational Standard IEC 60793-1-34 has been prepared by subcommittee 86A: Fibres and

cal

Thi
cor

les, of IECtechnical committee 86: Fibre optics.

stitutes a technical revision.

s third—edition cancels and replaces the second edition published in 2006. This edifjon

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

a)
b)
c)

modification of several derivation equations for laser scattering;
change of angular increment from 10° to 30° to 10° to 45°;

change of Annex B from informative to normative.

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

CDV Report on voting
86A/1971/CDV 86A/1994/RVC
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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.

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

in U il the
bility date |nd|cated on the IEC website under "http //webstore iec.ch" in the data relatec to
thel specific document. At this date, the document will be
e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

ntains colours which are considered to be useful<for the correct understanding of its

II\iPORTANT — The 'colour inside' logo on the cover pagdeof this publication indicates that it
ntents. Users should therefore print this documentusing a colour printer.
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OPTICAL FIBRES -

Part 1-34: Measurement methods and test procedures — Fibre curl

ThigT

strijpped from coating. Fibre curl has been identified as an important parameter for minimiz

[ ( [ I ormitr ) rer 1 [ d d dl d B
curl or latent curvature in uncoated optical fibres, i.e. a specified length of the fibre has-bg

the| splice loss of optical fibres when using passive alignment fusion splicers or active.alignment

mags fusion splicers.

Twp methods are recognized for the measurement of fibre curl, in uncoated)optical fibres:

e |method A: side view microscopy;
o |method B: laser beam scattering.
Both methods measure the radius of curvature of an uncoated-fibre by determining the amo|

of deflection that occurs as an unsupported fibre end is rotatéd-about the fibre's axis. Metho
uses visual or digital video methods to determine the deflection of the fibre while method B u

unt
0 A
Ees

a lihe sensor to measure the maximum deflection of one laser beam relative to a reference lager

beam.

By| measuring the deflection behaviour of the)fibre as it is rotated about its axis and

undlerstanding the geometry of the measuring.device, the fibre's radius of curvature can
calgculated from simple circular models, the-derivation of which are given in Annex C.

Both methods are applicable to type-BZoptical fibres as described in IEC 60793 (all parts).

Method A is the reference test method, used to resolve disputes.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of their cont
constitutes requirements of this document. For dated references, only the edition cited appli

be

ent
eS.

For undated_treferences, the latest edition of the referenced document (including any

amendments).applies.

IEQ 60793 (all parts), Optical fibres

3 Terms and definitions
No terms and definitions are listed in this document.

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

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

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

ing
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4 Apparatus

4.1 Principle

An uncoated fibre end is mounted in a rotatable fixture so that the end extends freely into space
by an overhang distance which will depend on the measurement device. The overhang distance
is from the fibre fixture to the free endface of the uncoated fibre. The measurement distance
from the fibre fixture to the measurement point is typically 10 mm to 20 mm, and the
measurement point shall be close to the fibre's free endface. If the measurement device is
designed with measurement distances greater than this, care shall be taken to avoid excessive
de gradationduetoeffectsof-vibratromrandgravity—he-fibretsrotatedandthedeviattonsinihe
ition of the test point relative to a reference position are measured to obtain the fibre'sradius
of ¢urvature, r,.

Details pertaining to the two methods are given in the relevant Annex A or Annéx, B. Common
apparatus requirements are given in 4.2 to 4.5.

4.2l Fibre holding fixture

Prqvide a fixture that holds the fibre on a constant axis at the holding position and allows the
fib}e to be rotated through 360°. The fixture may be a v-groove halder such as a vacuum chiick

or @ fibre ferrule. If a ferrule is used, take care to ensure that the inside diameter is sized clogely
engugh to the fibre diameter to minimize variability in the deflection measurements.

4.3 Fibre rotator

Prqvide a device to grip and rotate the fibre through 360°. The device may be manually operated,
or it may be driven by a rotational device such as a stepper motor.

4.4 Deflection measurement device

Prqvide a deflection measurement device according to either Annex A or Annex B.

4.5 Computer (optional)

A domputer may be used to'provide motion control, data collection and computation.

5 | Sample preparation

Usé an uncabled\fibre of appropriate length for the instrument design. Remove enough coatjing
from one end{te-allow mounting in the fibre fixture with the necessary overhang. The fibre should
nof extend'much past the measuring device's required measurement distance since excesgive
lengths-can cause degradation as discussed in 4.1.

6 Procedure

6.1 General

Details for each method are given in Annex A and Annex B. Common procedures are described
in 6.1 and 6.2.

6.2 Mounting of the fibre

Mount the fibre in the holding fixture so that the stripped end extends into free space with
sufficient length to extend up to or beyond the measurement distance. Typical measurement
distances range between 10 mm and 20 mm. Attach the other end of the fibre to the fibre rotator.
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If the measurement distance is excessive, or the stripped fibre is substantially longer than the

req

6.3
Fol

7

uired measurement distance, then the measurement may be degraded.

Rotation

low the procedure of Annex A or Annex B.

Calculation

Co

NO
of ¢

8.1

Thy

() (R | ! 1 o yarn) £l 1 H A A A n
IMYITLT 1T UcigalicUu Laituiatvurt Ul e nmure CuUrTt, IC, UsSTiy ATICA AU ATITICTA 'D.

[E Though the intermediate parameters used in the calculations are typically scaled in micrometresythe ra
urvature, r, is typically re-scaled in units of metres.

Result

The following information should be reported for each test:

date of the test;
fibre identification;

fibre radius of curvature.
The following information should be available for each test:

method used to determine curl;
technique used for calculations;
description of the equipment;

calibration data.
Specification information

e detail specification shall.specify the following:

information to be reported;
any deviations tothe procedure that apply;
failure or acceptance criteria.

jius
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Annex A
(normative)

Fibre curl by side view microscopy

A.1 Principle

fibre fixture to the measurement point, the fibre's radius of curvature can be calculated\from a
sinjple circular model, the derivation of which is given in Clause C.1. Schematic diagramg of
typjcal test set-ups for these techniques are shown in Figure A.1, Figure A.2 and Figure A.3.

CCD Camera Digital filar Microscope Fibre sample  Diffuser

. ii

]
|

Vacuum-chuck —» Light source
/ Read out
Analyzer
T Rotating holder
Monitor e

Figure/A.1 — Schematic diagram for apparatus to measure fibre curl
using an optical microscope
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Laser micrometre

Stepper motor i
Fibre
Scanning
i beam
Reference edge —
Magnetic chuck Vacuum chuck
Computer

J

Figure A.2 — Schematic diagram for apparatus’to-measure fibre curl
using a laser micrometre

IEC

CCD camera

10x objectif

Ferrule Fibre clamp

Fibre under test |

o

\White light source

IEC

Figure A.3 — Schematic diagram for apparatus to measure fibre curl
trit ot et ¢ ;

A.2 Apparatus

A.2.1 Deflection measurement device

Provide a device to measure the fibre deflection as it is rotated through 360°. Such a device
may consist of a viewing microscope or an optical measuring instrument such as a laser
micrometre. If a viewing microscope is used, provide means to permit accurate measurement
of fibre deflection, such as a filar eyepiece or a digital image analysis system.
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A.2.2 Video camera and monitor

A video camera and monitor may be used to enhance the viewing system for manual or
automated operation.

A.2.3 Digital image analysis system (optional)

A digital video analyser may be used to provide more precise location of the deflections than
might be obtained by a filar eyepiece. Such a system might include an analogue or digital video
camera, a frame grabber and associated software for the purpose of locating the fibre's position

at

he measurement distance as the fibre is rotated

Al

A.3

Tw

8 Test procedure

.1 General

that is limited by the precision with which the extremes of the deflection*can be determin

Thy

A.3

Ro
Ro

e second is a Fourier fitting method.

.2 Procedure for the extrema technique

ate the specimen until the deflection is at a maximum and&ecord the deflection value, D,

of fhe maximum, and record the deflection value, D i«

A.3

Re

the)
pOS
inc
usq

A.4

A.4

3 Procedure for the Fourier fitting techhique

cord the deflection of the specimen at its-initial position, D4, and angular position, 8;. Rot
specimen through 360° (do not duplicate the initial position in the data as the last angd

fement, D, ., and its angular positions, 6, . Angular increments of 10° to 45° are typic
d.

I Calculations

A Extrema technique calculation

The fibre deflection & is calculated by Formula (A.1):

Dmax _Dmin

5:
f 2

(A

b techniques are provided for obtaining the deflection, &. The first is an ‘extrema technique

Ed.

ax-

ate the specimen until the deflection is at a minimum, typically 180° from the angular posifion

ate
lar

ition), stopping at equal angular. increments and recording the deflection values at egch

Blly

)

where

Dpax @nd Dy, are the maximum and minimum deflection values, generally described in

micrometres.

A.4.2 Fourier fitting technique calculation

Compute the first order Fourier coefficients:

n
q:%Zme@ (A.2)
i=1
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2 n
Ry=="D; % coso), (A.3)
n
i=1

Compute ¢J; as the magnitude of the first-order Fourier component:

Sp=RZ + 19 (A.4)

ne el 0o 4 ,--!nn_ pe._L egd-g -3 -n_f e a) ' ginnq

degcribed in A.4.2 and least squares fitting of the amplitude and phase are numeric

Iy
equivalent.
A.4.3 Computation of fibre curl
Fibre curl, r, is computed as:
2 2
= Zm_* O (4.5)
26
whegre
Z.|is the measurement distance.
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Annex B
(normative)

Fibre curl by laser beam scattering

B.1 Principle

This procedure measures the latent curvature (curl) in an optical fibre by laser beam scattering.

This procedure measures the radius of curvature of an uncoated fibre by determining, the
ampunt of deflection that occurs as an unsupported fibre end is rotated about the fibre's axis.
By|measuring the differential deflection of two beams separated by a known distance*and the
geometry of the measuring device, the fibre's radius of curvature can be calculated from a
sinjple circular model, the derivation of which is given in Clause C.2. A schematic diagran is
shown in Figure B.1.

B.2 Apparatus

B.2.1 Light source

Split He-Ne laser beams are used as the light source.

B.2.2 Detector

An|image sensor such as CCD line sensor is used\as the detector.

B.3 Test procedure

B.3.1 General

Twp techniques are provided for.gbtaining the deflection difference, AS. The first is an extrema
technique that is limited by the precision with which the extremes of the deflection can|be
defermined. The second is_a-Fourier fitting method.

B.3.2 Procedure for.the extrema technique

Rofate the specimen-until the deflection is at a maximum and record the deflection value, AS{ ..

B.3.3 Procedure for the Fourier fitting technique

Retordthe deflection of the specimen at its initial position, AS4, and angular position, 6,. Rotate

thel specimen through 360° (do not duplicate the initial position in the data as the last angylar
position), stopping at equal angular increments and recording the deflection values at each
increment, AS, . and its angular positions, 6, . Angularincrements of 10° to 45° are typically

used.

B.4 Calculations

B.4.1 Extrema technique calculation
SA =ASmax - AZ (B.1)

where

AZ is the separation distance of the two laser beams.
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B.4.2 Fourier fitting technique calculation

Compute the first order Fourier coefficients:

n
I =£ZAS,- x sinb) (B.2)
n
i=1

2 n
Ry =72AS,- x cosb), (B.3)

=1

Compute S, as the magnitude of the first-order Fourier component:

Sp =R + I (H.4)

Le}st squares fitting of the set of 6; and (AS; — AZ) may be used as an alternative. The Foufier

technique described above and least squares fitting of the amplitude and;phase are numerically
equivalent.

B.4.3 Computation of fibre curl

_2LAZ

N (8.5)

c

whegre
L |is the distance between the fibre and the linersensor;
AZl|is the laser beam separation distance.

|
i
I L
1

Z
Line sensor
+
A
I
! 3
I
. ~| LU -
Fibre = E |
—J
Laser

L

ot D) Fibre holder

IEC

Figure B.1 — Schematic diagram of optical curl by laser beam scattering
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Annex C
(informative)

Derivation of the circular fibre curl model

C.1 Derivation of equations for side view microscopy

Figure C.1 shows the geometrical layout of side view microscopy fibre curl measurement.

Fibre holder

IEC
Figure C.1 — Geometrical layout of side view microscopy fibre curl measurement

W¢g define the following:

Z|is the measurement distance;

os |is the fibre deflection from the fibre holder’s axis measured at Z;

C [is the hypotenuse of right triangle formed by Z,, J;, and C.

Therefore,

C=Zn2+ 52 (@.1)

Form an isosceles triangle with C as the base and sides r. extending from the centre of the
circle. Bisect C and form two right triangles from the isosceles triangle. Angle 4 of the newly
formed right triangles is equal to angle d of the Z,, 6 and C right triangle.

Therefore,

o _%C (C.2)
5
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Substituting Formula (C.1) into Formula (C.2) gives:

Zm2 + 5f2

25 (C.3)

}’C:

C.2 Derivation of equations for the laser scattering method

Figure C.2 shows the deometrical layout of laser scattering fibre curl measurement.

N,

61 not shown

AS

Sensor plane

>l
L
|

S ————p———————————} ——

y y 3

Y

N

_______________ | B
g
2
o
Q
(T
\'

-

IEC

Figure C.2 — Geometrical layout of laser scattering fibre curl measurement

WeLdefine the fnlln\nnng'

AZ is the separation distance between the two laser beams;
L is the distance between the fibre holder's axis of rotation and the sensor plane;
Zg is the distance from the fibre holder to the first beam's impingement point.

Note that:

AS =Z, - Z4 (C.4)


https://iecnorm.com/api/?name=f1dc325e6b1f14bc7ccfd596019123de

IEC 60793-1-34:2021 © IEC 2021 -17 -

Z =[L+ZGtan %}tanZa)l (C.5)

Z =[L+(AZ +Zg)tan %}tanzwz +AZ (C.6)

The small corrections to the parameter L in Formulae (C.5) and (C.6) are due to the fact that

when the curled fibre is rotated to its maximum deflection point, the laser beams impinge

on

thefibre-at-a-distance-which annndc on Fes 7LJ and AZ These terms are on the order of AZ2

which for practical systems are very small, and can usually be ignored.

The¢ z-coordinates of each beam relative to the fibre constraint point are

The angle w4 can be expressed two different ways:

Likewise, the angle w, can be expressed in two different ways:

Zg+AZ

e

sinwy = (C.

Zy-AZ Zy-AZ

tan2w, =
“2 L

(C.
L+(AZ + Zg )tan%

Zg =15Sinay (g.

AZ =1 sinwy - Zg (g.

sinay _Ze (4.
e
tan2, S B (C.
L+ZGtan% L

I"C’

10)

11)

12)

ich

It i$ canvenient to measure the difference between the deflections of the two beams, AS, wh

I [N H H £ e ] £ 4 £ £ FHN A\ L +l FHN ! ] P~ H bat 4+
WI e Tmvartarnt willit i arrtyic Ul TTItny Ul uic 1TuTT. VVTicTT U1 1TuTT o LUTT TAUlTuo To ocUbotaritl

Iy

larger than the geometrical parameters L, Zg and AZ of the measuring device, we can

successfully use small angle approximations to get the difference results.

If we assume for both w4 and w, (a good assumption for practical fibres and implementations):
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n we can rewrite Formula (C.4) as:

AS =2L(ay - )+ (AZ + Zg)o? - Zgw + AZ (C.13)

and using Formulae (C.9) and (C.11) (and the small angle approximation), we get

2LAZ ALty 23
AS = HAZ A - (€
'e e Te

T4)

hat

15)

16)

hot

Inspecting Formula (C.14), we can see two cubic terms. If one considers a practical system
with a very curled fibre (v, = 1 m) and letting AZ and Z5 be 0,01 m (1 cm), thenwe’can see t
thejse cubic terms become very small compared with the first two terms. We, ¢an then write
As =SEAZ | ny (C.
e
and finally
o = 2LAZ (C.
AS - XZ
For practical fibres and measuring device constraints, all of the above approximations will

cor
the)

tribute errors in excess of hundredths of\percent. For fibres with curl radii in excess of 5
se errors become even smaller.
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2)

3)

4)

5)

6)
7)

8)

9)

AVANT-PROPOS

He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC aypour obje
avoriser la coopération internationale pour toutes les questions de normalisation dans (esl/domaines
‘électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Norrhés-internationg
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles_au.public (PAS) et
(Suides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des"comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I'lEG,”participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon
Conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'lEC concernant les questions techniqudes représentent, dans la mesurg
bossible, un accord international sur les sujets étudiés, étant donné que |és Comités nationaux de I'lEC intéred
sont représentés dans chaque comité d’études.

| es Publications de I'lEC se présentent sous la forme de recomfnandations internationales et sont agré
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que |
5'assure de |'exactitude du contenu technique de ses publicatians; I'lEC ne peut pas étre tenue responsablg
'‘éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les, Comités nationaux de I'lEC s'engagent, dans tout|
mesure possible, a appliquer de fagon transparente lesyPublications de I'lEC dans leurs publications nation
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales
Fégionales correspondantes doivent étre indiquées‘en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de ¢onformité et, dans certains secteurs, accédent aux marque
conformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certific
ndépendants.

Tous les utilisateurs doivent s'assurer‘qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit €étre/imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'l
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que ce soit, directe\ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les déper]
Hécoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de Il
bu au crédit qui lui'estraccordé.

'attention est_attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
Féférencées€st\obligatoire pour une application correcte de la présente publication.

| 'attention _est attirée sur le fait que certains des éléments de la présente publication de I'lEC peuvent faire I'0
He drojts=de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
bropriéteé et averti de leur existence.

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatjion‘compdgsée
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Cette troisiéeme édition annule et remplace la deuxiéme édition parue en 2006. Cette édition
constitue une révision technique.

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

a)
b)
c)

modification de plusieurs équations de détermination pour la diffusion laser;
modification de I'incrément angulaire qui passe de 10° a 30° a 10° a 45°;

changement de statut de I'Annexe B qui devient normative.
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Le

Le

texte de cette Norme internationale est issu des documents suivants:
CDV Rapport de vote
86A/1971/CDV 86A/1994/RVC

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

abouti a I'approbation de cette Norme internationale.

Ce

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

Un

opliques, se trouve sur le site web de I'lEC.

Le

b liste de toutes les parties de la série IEC 60793, publiées sous le titre général Fibfes

comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabiflité

indjquée sur le site web de I'lEC sous "http://webstore.iec.ch"” dans les donné€s relatives|au

doq

ument recherché. A cette date, le document sera

reconduit,
supprimé,
remplacé par une édition révisée, ou

amendé.

-—cDT =

PORTANT - Le logo "colour inside" qui se.trouve sur la page de couverture de cette
blication indique qu'elle contient des couleurs qui sont considérées comme utiles| a
e bonne compréhension de son contenu.'Les utilisateurs devraient, par conséquent,
primer cette publication en utilisant:\Une imprimante couleur.
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La
mé

a-dire qu'une longueur spécifiée de la fibre a été dénudée. L'ondulation de fibre a"été défi
comme étant un paramétre important de réduction des pertes d'épissure des fibres optiqlres
lorg de I'utilisation de soudeuses par fusion avec alignement passif ou de soudeuses par fusj

de

De
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Partie 1-34: Méthodes de mesure et procédures d’essai —
Ondulation de la fibre

Domaine d’application

caniques: ondulation de fibre ou courbure latente des fibres optiques sans revétemeént, c'q

masse avec alignement actif.

méthode A: par microscopie latérale;

méthode B: par diffusion d'un faisceau laser.

présente partie de I'lEC 60793 établit des exigences uniformes pour les caractéristinIAeS

st-
nie

on

Ix méthodes sont reconnues pour la mesure de I'ondulation de fibref’pour les fibres optiqlies
safns revétement:

Leg deux méthodes mesurent le rayon de courbure d'une‘fibre sans revétement en déterminpnt

la

son axe. La méthode A utilise des méthodes visu€lles ou vidéo numériques pour détermine
fleghe de la fibre tandis que la méthode B utilise.un capteur de ligne pour mesurer la flé

mal

En
au
la

Ce

sérfie IEC 60793 (toutes les parties).

La

2

Leg
de

I’éq
réf

aleur de la fleche d'une extrémité de fibre non soutenue soumise a une rotation autour

kimale d’un faisceau laser par rapport a un‘faisceau laser de référence.

ur de son axe et d’aprés la configuration du dispositif de mesure, le rayon de courbure
ibre peut étre calculé a partir de-modeles circulaires simples, déterminés a I’Annexe C.

5 deux méthodes sont applicables aux fibres optiques du type B telles que décrites dang

méthode A est la methode d'essai de référence, utilisée en cas de litige.

Références hormatives

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou pa
leur_contenu, des exigences du présent document. Pour les références datées, se

de
r la
he

mesurant le comportement de la fléche de la fibre pendant qu’elle est soumise a une rotafion

de

rtie
ule

itlepr citée s’applique. Pour les références non datées, la derniére édition du document

de

erence s applique (y compris Ies eventuels amendements).

IEC 60793 (toutes les parties), Fibres optiques

3

Termes et définitions

Aucun terme n'est défini dans le présent document.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées

en

normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/
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4

4.1

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
Appareillage

Principe

Une extrémité de fibre sans revétement est montée dans un dispositif de fixation pouvant
tourner de fagon que I'extrémité sorte librement sur une longueur "de débord" qui dépend du
dispositif de mesure. La longueur "de débord" est la distance entre le dispositif de fixation de
la fibre et la face d'extrémité libre de la fibre sans revétement. La distance de mesure entre le

dispositif de fixation de la fibre et le point de mesure est genéralement comprise entre 10 nm

et PO mm. Le point de mesure doit étre proche de la face d'extrémité libre de la fibre.”S
dispositif de mesure est congu avec des distances de mesure supérieures a celle indiquée

deq
deq
poS

Deg précisions ayant trait aux deux méthodes sont données dans I’Annéexe A ou B selon le ¢

Leg

4.2
Uti

pelmettre une rotation de 360°. Le dispositif de fixation, peut étre un support a rainure en V,
qu'un plateau de maintien a vide ou une férule pourdibre. Si une férule est utilisée, veiller a
quI son diamétre intérieur soit d'une taille aussi proche que possible du diamétre de la fi

po

4.3

Uti
dis

pas.

4.4 Dispositif de mesure de la fléeche

Uti

4.5
Un

domnées et.effectuer les calculs.

5

sus, des précautions doivent étre prises pour éviter une dégradation excessive.en rais
effets des vibrations et de la gravité. La fibre est soumise a une rotation etles écarts

exigences communes relatives a I'appareillage sont données dans 4.2 a 4.5.

Dispositif de fixation de la fibre

iser un dispositif de fixation pour maintenir la fibre *en” position sur un axe constant

r réduire le plus possible la variabilité dans les mesures de la fleche.

Dispositif de rotation de la fibre

iser un dispositif permettant de fixer la fibre et de lui appliquer une rotation de 360°.
bositif peut étre activé manuellemeéent ou par un dispositif tournant tel qu'un moteur pa

Ordinateur\(facultatif)

ordinatelir—peut étre utilisé pour assurer un contréle des déplacements, collecter

ition du point d'essai par rapport a une position de référence sont mesurés pour obtenif
rayjon de courbure de la fibre, r..

iser un dispositif de'\mesure de la fleche conforme a l'une ou l'autre des Annexes A ou H.

le
ci-
on
de
le

et
tel
ce
bre

Le

|2}
Q-

les

Préparation de I'échantillon

Utiliser une fibre non cablée d'une longueur appropriée a l'appareil de mesure. Dénuder
suffisamment la fibre a I'une de ses extrémités pour obtenir un débord suffisant une fois montée
dans le dispositif de fixation. Il convient que la fibre ne dépasse pas trop la distance de mesure
exigée du dispositif de mesure, sachant que des longueurs excessives peuvent provoquer une
dégradation comme cela est expliqué au 4.1.
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6.1
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Mode opératoire

Généralités

Les informations détaillées concernant chaque méthode sont données a I'Annexe A et a
I'Annexe B. Les procédures communes sont décrites au 6.1 et au 6.2.

6.2

Montage de la fibre

Monter la fibre dans le dlsposmf de flxat|on en permettant a Iextremlte dénudée de sortir

Fai

NO
mic

8.1

mesure ou au-dela. Les distances de mesure types sont comprises entre 10 mm et 20
er 'autre extrémité de la fibre au dispositif qui applique la rotation. Si la distance déxmes
excessive, ou si la fibre dénudée est beaucoup plus longue que la distance /de'mes
ipée, alors la mesure peut étre dégradée.

Rotation

vre la procédure de I’Annexe A ou de I’Annexe B.

Calcul
re le calcul détaillé de I'ondulation de fibre, 7, en utilisant1'Annexe A ou I'Annexe B.

[E Bien que les parametres intermédiaires utilisés dans Jes\calculs soient généralement mis a I’échellq
ométres, le rayon de courbure, 7, est généralement remis)a\eéchelle en métres.

Résultat

Il convient de consigner les informations suivantes pour chaque essai:

la date de l'essai;
I'identification de la fibre;

le rayon de courbure de‘lafibre.
Il convient que lés informations suivantes soient disponibles pour chaque essai:

la méthode d'eSsai utilisée pour déterminer I'ondulation;
la technique-utilisée pour les calculs;
la descfiption de I'équipement;

les données d'étalonnage.

9

La

ure

en

Informations a mentionner dans la specification

spécification particuliére doit spécifier les informations suivantes:

les informations a consigner;
tout écart par rapport a la procédure qui s'applique;
les critéres de défaillance ou d’acceptation.
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