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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC SENSORS -

Part 1-1: Strain measurement —
Strain sensors based on fibre Bragg gratings

FOREWORD

gll national electrotechnical committees (IEC National Committees). The object of IEC is to promate‘internat

qg
i
Hublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Rublication(s)”).
A
n

0

tandardization (ISO) in accordance with conditions determined by agreement betwWeen the two organizatio

onsensus of opinion on the relevant subjects since each technical committee has representation fro
interested IEC National Committees.

|
q
Hublications is accurate, IEC cannot be held responsible for” the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC National® Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their pational and regional publications. Any divergence bet
gny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

A

N

members of its technical committees-and IEC National Committees for any personal injury, property dama
dther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
gxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|
Hublications.

A
i

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
indispensable for the'correct application of this publication.

Attention is drawn_to-the possibility that some of the elements of this IEC Publication may be the subject of p
rlghts. IEC shall:not be held responsible for identifying any or all such patent rights.

i$ redline version of the official IEC Standard allows the user to identify the chan|

Tlhe formal decisions or agreements of IEC on technical matters express, asinearly as possible, an internatjonal
g
i

Tlhe International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘comprjsing

onal

o-operation on all questions concerning standardization in the electrical and electronic fields:\To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications,/Technical Reforts,

[ heir

reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealff with
ay participate in this preparatory work. International, governmental and non-goverpmental organizations liafsing
ith the IEC also participate in this preparation. IEC collaborates closely with the dnternational Organization for

nS.

n all

FC Publications have the form of recommendations for international’ use and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made.fo ensure that the technical content off IEC

any

tions
veen
tter.

mity

j:sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible foil any

o liability shall attach to IEC or its’directors, employees, servants or agents including individual experty and

e or
and
IEC

hs is

htent



https://iecnorm.com/api/?name=d9fe5b5cdf1998bbe3389f446bdb6c84

-6 - IEC 61757-1-1:2020 RLV © IEC 2020

International Standard IEC 61757-1-1 has been prepared by subcommittee SC 86C: Fibre optic
systems and active devices, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2016. This edition
constitutes a technical revision.

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

a) update of cited standards;

b) clarification of definitions and test specifications.

The

Full

rep¢rt on voting indicated in the above table.

Thig

A lis
can

The
stak
the

text of this International Standard is based on the following documents:
FDIS Report on voting
86C/1642/FDIS 86C/1650/RVD

information on the voting for the approval of this International Standard-can be found in

document has been drafted in accordance with the ISO/IEC ‘Directives, Part 2.

t of all parts in the IEC 61757 series, published under the*general title Fibre optic sens
be found on the IEC website.

committee has decided that the contents of thi§» document will remain unchanged until
ility date indicated on the IEC website underhttp://webstore.iec.ch" in the data relate
specific document. At this date, the document will be

reconfirmed,

vithdrawn,

replaced by a revised edition, or

hmended.

the

ors,

the
d to

IM
th
of

PORTANT - The€ "colour inside’ logo on the cover page of this publication indicatf
t it contains colours which are considered to be useful for the correct understandi
its contents.'Users should therefore print this document using a colour printer.

es
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INTRODUCTION

The IEC 61757 series is published with the following logic: the sub-parts are numbered as

IEC|61757-M-T, where M denotes the measure and 7, the technology. A
QY
O
Q
\:\(1’
6\/
/\
N
©
<</C)
N\
S
Q<<
<
N
\\Q@
o
4\
O
&
o
oo®
@.
X
3
N
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FIBRE OPTIC SENSORS -

Part 1-1: Strain measurement —
Strain sensors based on fibre Bragg gratings

Scope

part of IEC 61757 defines detail specifications for fibre optic sensors using one or.more

fibor¢ Bragg gratings (FBG) as the sensitive element for strain measurements:).Generic

spe

Thig
for
prod
cha
the

cifications for fibre optic sensors are defined in IEC 61757-4:2042.

5train measurements, based on use of an FBG as the sensitive element; and defines
edures for their determination. Furthermore, it specifies basic performance parameters

FBG. This document refers to the measurement of static and, dyfamic strain values

range of frequencies.

A blank detail specification is provided in Annex B.

document specifies the most important features and characteristics of a fibre optic sensor

the
and

racteristics of the corresponding measuring instrument to read out the optical signal from

na

2 |[Normative references

The|following documents are referred to in the textin such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited applies.
For| undated references, the latest edifion of the referenced document (including jany
amegndments) applies.

IEC|60050 (all parts), International Electrotechnical Vocabulary (available | at
www.electropedia.org)

IEC|60068-2 (all parts), Environmental testing — Part 2: Tests

IEC|60793-2, Optical fibres — Part 2: Product specifications — General

IEC|60793-2-50,Optical fibres — Part 2-50: Product specifications — Sectional specification for
clags B singlé<mode fibres

IECI808741 Fihre ontic interconnecting -devices and nassive comnonents Connectord for
HECI60874>+—Fibre-opticinterconnecting-devices—and-passive-components —Connectorgfol
optical-fibres-and-cables —Part- 1. Generic-specification

IEC 61300-2 (all parts), Fibre optic interconnecting devices and passive components — Basic

test

and measurement procedures — Part 2: Tests

IEC 61754 (all parts), Fibre optic interconnecting devices and passive components — Fibre optic
connector interfaces

\EC 64757-4:2042._F . o .G , I

IEC

IEC

61757, Fibre optic sensors — Generic specification

TR 61931, Fibre optic — Terminology
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IEC 62129-1, Calibration of wavelength/optical frequency measurement instruments — Part 1:
Optical spectrum analyzers

IEC 62129-2, Calibration of wavelength/optical frequency measurement instruments — Part 2:
Michelson interferometer single wavelength meters

IECTS 62129-3, Calibration of wavelength/optical frequency measurement instruments — Part 3:

Optical frequency meters—using-optical-frequency—ecombs internally referenced to a frequency

comb

ISOJTEC Guide 99, International vocabulary of metrology — Basic and general concepts |land
asspciated terms (VIM)

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given inJEC64757-1:2012
IEC|61757, IEC 60050 (all parts), IEC TR 61931, ISO/IEC Guide 99 (VIM), and the following

appty.

ISOland IEC maintain terminological databases for use in staddardization at the following
addresses:

e |SO Online browsing platform: available at https://wwwsiso.org/obp

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

NOTE Long period gratings, non-uniform gratings, angled. gratings, and FBG in polarization maintaining fibrg are
not donsidered.

3.1
ﬁb:E Bragg grating

FB
phage diffraction grating integrated-in optical single-mode silica-based fibres, according to
catggory B of IEC 60793-2-50, to.selectively reflect a very narrow range of wavelengths while
transmitting others

Note| 1 to entry: To achieve this-characteristic, periodically spaced zones in the fibre core are altered to phave
diffefent refractive indexes slightly higher than the core.

Notel 2 to entry: This note applies to the French language only.

3.2
FBG strain sensor
dev|ce that\uses one or more fibre Bragg gratings (3.1) as a sensitive element for strain
megsurements

N t : H + £ EH HNI L 5.2\
oteH—te-entr—DBifferent-econfigurations—arepossible{see52)-

Bragg wavelength

B ABref
wavelength of the FBG (3.1), generally corresponding to the Bragg reflection peak or
transmission minimum, without applied strain under reference ambient conditions

Note 1 to entry: If referred to as an FBG strain sensor (see 3.2), it refers to the configuration prior to its installation.

Note 2 to entry: /g is the wavelength of the FBG strain sensor indicated by the manufacturer without any further
mechanical and ambient specification.
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reference wavelength

Ao

020

wavelength response of an FBG after installation or at the beginning of measurement to the

affe

3.5

cting loading and ambient conditions

FBG reflectivity

Rrg

G

ratio of the incident optical power P to the reflected optical power P,g at Bragg wavelength ig

in a

Note
to lo
use

of a

Note
poin
char

3.6
tran
lossg

grafing and the components to connect an FBG strain sensor outside the FBG spectrum

Note| 1 to entry:  When considering transmission loss in an FBGfsensor configuration, all parts that contribute t
reduftion of power, for example transmission losses due to joining and connecting techniques, have to be considg
The {fransmission spectra of the grating can show a reduction\of the grating transmissivity due to influences on gr
perfgrmance. Such propagation losses in the grating shiould be considered separately. The entry only appli
wavglength multiplexed FBG strain sensors double-ended for in-series connection.

3.7

FBG spectral width

full width at half maximum (FWHM)-ef the reflection peak or transmission minimum at Br
wavelength

Notel 1 to entry: The FWHM of an FBG spectrum is the wavelength range of the spectrum over which the ampl
is grpater than 50 % (3 dB) of its reflectance maximum value at /; (see Figure 1).

Note] 2 to entry: This notenapplies to the French language only.

defined spectral window

1 to entry: The power transmitted to the FBG strain sensor is less than the incident (input) optical powe
bses in the fibre at the connector and even in the grating. The definition of the FBG reflectivity should ther
he incident optical power P, (see the equations in 7.4.2) that represents the measurable part.at-the conn

ibre optic sensor.

2 to entry: P, depends on the measurement device and has no absolute characteristic’value. From the u

of view, the reflectivity is important if operational or installation conditions exist’that influence the refle
hcteristic.

smission loss of an FBG sensor
of power of the transmitted optical signal passing along¢the optical fibre, the fibre Br

due
tfore
pctor

Ber's

ctive

299

b the
tred.
hting
bs to

agg

tude
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Wavelength (nm)

1 543,75 1 545,00 1 546,25
-30 >
| |
-
3 dB
]
|
a0 (DT 2)
= (3)

-50
€ - ;
% FWHM - |
2
@ -60 Bragg wavelength ]"-/’
@
5 Y

IEC

Key
1) difference in intensity between Bragg peak and largest sideslobe (called "relative side-lobe level")

(2) recorded spectral distance (see 3.12) from the maximumvalue of one or both sides of the Bragg wavelgngth

(3) FBG signal-to-noise ratio SNRg; for (2)

Figure 1 — Characteristics of the' Bragg grating reflectance spectrum

3.8
sidI-Iobes
refl¢ction peaks-aside on each.side of the Bragg wavelength peak ig ef-an-FBG-spectrum

Note| 1 to entry: Side-lobes are also called "side modes".
Note| 2 to entry: Side-lobes:shall be considered according to conditions of use (see Figure 1 and Clause A.2).

Note] 3 to entry: To,desgribe the transmission characteristics, the following features should be reported:
— aximum attengation of the transmission spectrum due to parasitic optic effects (in dB);

— maximum@ttenuation of the transmission spectrum within the wavelength range ig + 1 nm.

Notel 4 tolentry: The quality of the wanted signal is expressed by the signal-to-noise ratio (SNR). The wavelgngth
rangpJeperted can deviate from those usually related to the SNR. In this case, it shall be explicitly reported.

3.9

relative side-lobe level

ratio of the maximum value of the amplitude of the specified field component in a side-lobe to
the maximum value in a reference lobe

Note 1 to entry: The reference lobe of an FBG is the peak power at the Bragg wavelength i5; peak power of the
largest side-lobe in the FBG spectrum is the related field component (see Figure 1).

Note 2 to entry: Relative side-lobe level is usually expressed in decibels.

Note 3 to entry: Some manufacturers indicate this term as side-lobe suppression ratio (SLSR).
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3.10

width level
relative amplitude difference between a local maximum and a specified amplitude, at which a
spectral feature is evaluated for a two-sided threshold crossing for purposes of defining that
local maximum as either a fundamental peak or as a side-lobe

Note

Note

1 to entry: The width level is applied as an evaluative relative threshold to a local maximum.

2 to entry: Width level is expressed in decibels.

3.1

pear\—wiu'th
widih over which a local maximum exhibits a two-sided spectrum crossing over a thres

defi

Note
will b
as 3

Note
fund
than

Notel
trang
puls
the

sSupp

Note]

3.17
FB(
SNR

ratip of the maximum amplitude of the Bragg wavelength peak to that of the coexistent s

lobe

Note]

dep¢g
Nois
grea

Note]

rangg.

Note]

Note]

020

hed by the width level parameter

1 to entry: The quantity FBG spectral width is defined as the spectral width of the FBG fundamental mods
e equal to or greater than the peak detection algorithm’s peak width requirement when the width level is de
dB.

2 to entry: The peak width requirement is applied in conjunction with the width level parameter to disting
bmental peaks from side-lobes in an array spectrum where side-modes may be at.an absolute amplitude h
adjacent fundamental peaks.

3 to entry: When several sensors are used in a Bragg grating array, special attention shall be paid t
mission characteristic. If wavelength multiplexing is used, unintentiopal signal-crosstalk of the Bragg gr
bs is possible. The Bragg grating wavelengths shall be designed with,asufficient distance of the Bragg pea
hvailable spectrum to avoid overlapping of the Bragg wavelength. PRarasitic reflexions, if relevant, sha

ressed.

4 to entry: Peak width is expressed in nanometres.
b signal-to-noise ratio

FBG

amplitude at a wavelength distance of 1 nm under unloaded conditions

1to entry:  SNR g shall not be confused with the side-lobes of an FBG caused by the inscription procesg

nding on the-grid grating number,<grid grating distance A and the change in the refractive index of the
B is generated by the measurement device; side-lobes are generated during inscription of the grating and
importance for the use of an_ FBG as strain sensor (see Figure 1 and 3.7).

2 to entry: The value:d~nm" is still valid even if the central wavelength of an FBG is extended to the vi

3 to entry: FBG signal-to-noise ratio is expressed in decibels.

4 to entry:~This note applies to the French language only.

nold
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Note

ation
AA
Z = (1 - p)AS
1 to entry: FBG strain sensitivity describes the response of an FBG to uniaxial strain deformation A¢ o

the

f the

grating area. The strain response is represented by the photo-elastic coefficient p. For practical use, the gauge factor
k is introduced as a linear approximate for (1 - p). In this case, the sensitivity can be considered as a linear function
for a uniformly non-integrated stretched grating area (see 7.6), i.e. only the optical fibre and coating are deformed.

Note

2 to entry: Frequently, this term is defined, for practical reasons, as the peak shift (A1 in nm) over the
introduced strain change (Ae in um/m) related to a specified reference wavelength 2.
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3 to entry: Strain sensitivity can be superimposed by temperature-induced deformation of the optical fibre.

4 to entry: If the strain sensitivity gets a non-linear characteristic because of the set-up of for example a strain

ducer, higher order terms may be used. The calibration function and the parameters have to be defined.

3.14
gauge factor

k

ratio of the relative change in wavelength AA/l; to a mechanical strain Ae introduced to an FBG
strain sensor and expressed by the dimensionless gauge factor £ measured by the manufacturer

Note

Note
vary
FBG
fibre

Note]
mea
systé
strai

3.1¢

gauge length

AL
k= %
Ag

1 to entry: The gauge factor k is used by manufacturers to express the strain response of their products|
2 to entry: The gauge factor k£ considers all influences of the FBG strain sensor on thestrain sensitivity. |

strain gauge) and therefore has to be distinguished from the strain sensitivity of the'Bragg grating in the of
(see 3.13).

3 to entry: The gauge factor k£ for an FBG strain sensor assumes a linear characteristic. Considering the W
Eurement system (sensor, device, cabling), it can be separately defined ferthe components of the measure
m. It is only valid for defined conditions. In the case of a non-linear ¢haracteristic (e.g. by creeping effect i
h transfer), the gauge factor  is considered as linear within a definéd permissible error.

can

with the selected structural form of the strain sensor (e.g. Bragg grating fibre with special protecting laypr or

tical

hole
ment
h the

length within which a strain will cause a change inithe measured value of the FBG strain senpsor
Notel 1 to entry: The gauge length depends on the EBG/strain sensor configuration (see 5.2).

3.1

minimum operating radius of curvature

minjmum radius that an FBG may be bent without change of the specified performgnce
parameters

3.17

strgin range

<FBG sensor> maximum strain range that the FBG can measure-being when excited accor

to the stated mechanical conditions without change of the specified performance paramete

Note

1 to entry: {_Ihis could include axial tensile strain and compression.

ing
rs

ified

Notel 2 to entry:™ Outside the strain range, the FBG strain sensor may not be physically damaged, but the speq
measgurement performance may be affected.

3.18

FBG period

A

distance between the periodically varying refractive index zones (grating planes) in the fibre

and

Note

expressed by A
1 to entry: The FBG period defines the Bragg wavelength (see 3.3) by the equation
A~k x/p
2% N

where

kg
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3.19

fatigue behaviour

change in sensor properties as a result of-siruseidal-Hoad-alternation permanent (long-lasting)
alternating stress or permanent stress under reference ambient conditions

Note 1 to entry: The relevant sensor properties specifying fatigue behaviour are the zero point displacement
(see 3.20) and the change in the reflection spectrum of the FBG strain sensor as a function of the number of load
cycles.

3.20
zero point

H 't' ] 1 £ 4 1 4
Inl I ' valutc Ul A 1T1TCdadour eiIiTteTit belc W winvointT a

Ll H % ] £
UII\JVVIIIB MMICAaour TITITIit vdadiuTo Aartc |U|U||Uj

Notel 1 to entry: The zero point is also called null set.

Note| 2 to entry:  The zero point shall be recorded for all types of measurements (static, dynamic). In)case of off-line
measurements, where recording devices are switched-off or disconnected, continued measurement shall be refefable
to the zero point.

3.21
temperature influence-to on an FBG strain sensor
chahge in Bragg wavelength (3.3) of an FBG strain sensor subject to\thermal excitation only

Note| 1 to entry: The temperature-induced strain is observed as an apparent strain.

Note| 2 to entry: The term "temperature sensitivity" is not used because”it refers to temperature measurement,
whelleas the characteristic considered here is related to the "temperature: compensation” of the signal.

3.23
birgfringence
optical property of an optically anisotropic material having orientation-dependent refradtive
indices that leads to different propagation velocities of light in different propagation directigns

Note| 1 to entry: Birefringence is a property of optical materials.

Notel2 to entry: For fibre optic sensors,.the term "birefringence" is correctly used when optical fibres|with
bireffingent property are used, for example"PANDA-er and bow-tie fibres.

rization dependence
dependence of the Bragg wavelength which occurs when transverse loading causes a fibre's
inally circular cross.section to become elliptical with the result of splitting the back-refle¢ted
Bragg spectra into two)unequally reflected or transmitted waves which produces a double peak

1 to entry= “Polarization dependence of the Bragg wavelength can also occur during the writing of the [fibre
Braglg grating\if-the writing laser is not correctly focused in the centre of the core but is instead focused on one|side
in the¢ cladding. In this case, asymmetry in the refractive index of the glass due to asymmetry of the expose is created.

Polarization dependence of Bragg wavelength can also lead to measurement uncertainty of Bragg
fthand FBG Teftectivity:

Notel 2:toentry:
wav

3.24

signal-crosstalk

wavelength influence when using spectrally adjacent sensors in the wavelength-multiplex
operation

4 Symbols

For the purposes of this document, the following symbols apply.

h thickness of the deformed object of measurement

I optical power intensity of the reference fibre

ref
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ge

k gauge factor &
I, L length
L, original length of the object of measurement
Ly length of the object of measurement after deformation
Lg length of the free fibre inside a strain transducer
Lg length between the anchoring points of the FBG strain sensor to the object of
measurement (gauge length)
n refractive index of the waveguide
Nt effective refractive index of the Bragg grating (see 5.1)
De effective photo-elastic constant
P photo-elastic constant
Py incident optical power
Pig optical power of the FBG
Rekg reflectivity of the FBG
R ds reflectivity of the FBG reference fibre
s distance of the fibre sensor from the surface afthe object of measurement
SMRpgG signal-to-noise ratio of the FBG
T temperature
X mean value
x; ith measured value
X physical parameter (e.g. temperature, strain or pressure)
a thermal expansion coefficiént of the fibre material
Agm thermal expansion coefficient of the load-carrying material of the strain gau
asy thermal expansion-coefficient of the test sample
AL AL = - g, FBG.peak wavelength shift under the given strain Ae
e strain (hereialways observed in the direction of the fibre axis)
€ strain applied to the test sample
Enlie temperature-induced strain (thermal output)
€oF flexural strain at the surface of the object of measurement
£0%s strain measured by_,aZ 2E)plied FBG strain sensor (for bent objects of
P ancrement _Gao
meastrement-see—-6-2}
&p strain at the surface of a flexural beam
gp' strain of a flexural beam measured with an attached sensor of finite thickness
&g apparent strain
A0 reference wavelength
B Bragg wavelength
2Bref Bragg wavelength under reference ambient conditions
A FBG period
é thermo-optical coefficient
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logarithmic strain

Structures and characteristics

Fibre Bragg grating (FBG)

020

Fibre Bragg gratings are phase diffraction gratings inscribed into optical waveguides. They are
frequently produced using UV-light (e.g. by an excimer laser at 248 nm). The fibre is exposed
to an interference pattern of this UV radiation. UV photosensitive processes then produce
nges in the refractive index of the fibre core which is susceptible to these. The interference

cha
patt
tran|
(cor
ligh
Figt
opti

The

Acc

refr
pea
refr

Acc
effe
tem

A, gr with changes in the effective refractive index ngg;.

The
the
dec

whedre

sported light along the fibre is additively superposed for a certain wavelength at these-pg
structive interference); this spectral part of the incident light is reflected. In the transmi
, this wavelength (denoted Bragg wavelength 1) is attenuated according to FBG-reflecti

re 2 including the subfigures a) to d) shows the principle of a fibre Bragg. grating in
cal waveguide.

value of the reflected Bragg wavelength g is determined from the Bragg condition:

AB =2><neff><A

k is essentially determined by the number of grating periods and the magnitude of
hctive index modulation.

prding to Equation (1), the FBG is susceptible to changes in the FBG period and in
ctive refractive index, which may esSentially be affected by changes in strain
perature. The Bragg wavelength iz ehanges (is "shifted") with changes in the FBG pe

wavelength is shifted to higher values when the glass fibre grating is placed in tensio
temperature increases. The opposite process occurs for compression and a tempera
rease. These effects on.the quantities ng; and A are described in Equation (2):

N s T Onet 1 OA
j‘B oX Heff oX A OX

s\a physical parameter (e.g. temperature, strain, or pressure).

and
ints
ted
ity.
an

(1)

prding to Equation (1), the Bragg wavelength ig of ‘the FBG depends on the effeqtive
hctive index of the FBG and the FBG period A. The’spectral width of the Bragg wavelenpgth

the

the
and
riod

n or
ture

(2)
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effective refractive index of the grating

Figure 2 — Operation principle‘of a fibre Bragg grating in an optical waveguide

Fibre Bragg gratings are emplayed in strain measurements in such a way that only the changes
in sfrain along the fibre axis(and temperature changes are relevant (the effect of the temperature
infljence as a perturbing term is treated in 7.12).

It follows that the general variation of the Bragg wavelength is given by:

on OA
=2x| A8 4 p —— |xAL +
Ag x( oL Ngff L jx "
2><(Aan—eﬁ+naac6—AW><AT
C o7 T )

The first term in Equation (3) describes the effect resulting from the mechanical deformation
(0A/0L) and the elasto-optical reaction (dng/0L) of the optical waveguide. The second term in

Equation (3) describes the temperature effect on the quantities ng¢ and A.

The term (0A/0T) describes the effect of the thermal expansion of the Bragg grating on the
grating period A. The thermal effect on the refractive index of the optical fibre, on the other
hand, is expressed by the term (9ng/97).

In practice, the effects of strain and temperature are approximately described by the linear
relationship expressed in Equation (4):
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Ng (&.T)

o :(1—p8)5+(a+§)AT (4)

Customary FBG, which are subject to both thermal and mechanical variations, react to these
combined effects with a resultant change in the Bragg wavelength. The measured wavelength
change does not permit discrimination between the variations in strain or in temperature; special
measures are required to separate the two values (see 7.12).

Since each Bragg gratmg mtegrated as a sensor in a fibre can have its own resultant Bragg
eral
tem erature or straln sensors may be |dent|f|ed and read out inan optlcal f|bre Flgure 3-shpws
an gxample of sensor signals (Bragg wavelengths) from a sensor fibre with numerous sequential
arrgnged Bragg gratings (FBG array).
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Figure 3 — Example of a reflection spectrum of a fibre Bragg grating array
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To characterize the FBG, the following parameters shall-generally be measured and reported
(see Figure 1):

Additienat-e

length of the fibre Bragg grating (FBG);

Bragg wavelength in nm (see 3.3 and 7.2);
reflectivity in % (see 3.5 and 7.4);

FBG spectral width (FWHM) in nm (see 3.7 and 7.3);
relative side-lobe level in dB (see 3.9).

5.2
The

ibre type according to category B of IEC 60793-2-50;
ull spectrum;

material parameters of the cladding material;
bperating temperature range (see 7.10);

stability under environmental influences;

ype of inscription process (e.g. inscribed before coating, during drawing process, recoa
nscribed through the coating);

signal-to-noise ratio in dB (see 3.12);

grating profile (e.g. uniform or apodized);

polarization induced uncertainty of Bragg wavelength in pm (see Annex C);
bolarization induced uncertainty of FBG reflectivity in % (see Annex C);
bolarization induced uncertainty of FBG spectral*width in pm (see Annex C);
Histance between consecutive FBGs of an FBG array;

bccuracy of the markers indicating the \position of the FBG in the fibre;
bre-tensioning of the FBG strain sensor;

vater resistance capability.
FBG strain sensor configuration
FBG strain sensor can\bé made of various materials and with various forms:

bs a segment of optical fibre with one or more FBG strain sensor(s) (in the following dend
Bragg grating fibre). Several successively arranged FBG are also called an FBG array;

bs an FBG strain sensor where the connecting fibres of the FBG element are fixed to

bn extensometer or strain transducer);

s an FBG embedded in a protective material which constitutes a transition zone betw
he{sensor element and the object of measurement. The transition zone is usually flg

ted,

ted

the

bbject of measurement at anchoring surfaces/points of a defined distance (commonly callled

een
t or

! } el [ W : ol !
platial, COITITUTNTY CalleU alt Do sthdill yauyce, a pallll Ul a pau.

The manufacturer should define the length used for the determination of the gauge factor. In
case of an extensometer or strain transducer (see Figure 4), the gauge length is defined
between the two attachment points (Lg in Figure 4); however, in the set-up of many strain
transducers, the fibre is glued to the anchors, which have a size of some millimetres or
centimetres. The free fibre length L might be different from Lg; this leads to a problem in

calibration. Users should know which length for calibration was used by the manufacturer.
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FBG strain FBG temperature
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5.3
The

a photonic device is called an FBG strain sensor installation. Independently of the partic

mat
mes

The
neit

5.4
The

Figure 4 — Gauge length between two attachment points

Measuring point and installation

procedure of bonding the FBG strain sensor to a structural component‘and its couplin

erial and form, the FBG strain sensor is attached to or embédded in the objec
surement in one of the following ways:

continuous structural contact: the FBG strain sensor and the ‘object to be measured h

measure the averaged strain or one component of the.strain experienced by the objeg
he continuous surface;

riction-locked bonding at distinct anchofing surfaces/points (set of ancho
surfaces/points) with a non-bonded gap in between; the FBG strain sensor is intende
measure the averaged strain or one component of the strain experienced between
bnchoring surfaces/points.

connecting leads or cables exitingsthe FBG strain sensor-have-te shall be placed so
her the object of measurement is_obstructed nor the measurement signal interfered wit

Gauge length

g to
ular
t of

ave

riction-locked bonding on a continuous surface; the EBG” strain sensor is intended to

t at

Hiscontinuous structural contact: the FBG strain sénsor and the object to be measured have

ring
0 to
the

that
.

gauge length is the length of an object of measurement over which the sensor gathers

information. In the case of a strain sensor, it is the length within which a strain will cauge a
chapge in the measuredvalue of the FBG strain sensor. The gauge length depends on the FBG
strajn sensor configuration.

In the case of/a'point-wise fixed FBG strain sensor (by gluing, welding, clamping at disf{inct
anchoring surfaces/points), the gauge length is determined by the measuring distance L
between-the two attachment points or sequence of points on the surface.

For larFBG—strain—gauvge—the—gauge—tergth—is—thetength—over—which—the—apphed—strath is

averaged, converted and measured. This gauge length is usually not the same as the fibre
Bragg grating length.

5.5

Strain and reference strain

The strain ¢, which is commonly quoted in strain metrology, is termed technical strain and
describes the extension or contraction AL, referred to its original length L, of an object of

measurement when subjected to a known mechanical or thermal stress.

(5)
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When measuring consecutive deformations resulting from multiple loadings, diverse reference
systems may be required to calculate the strain. The strain components are referred to the
respective initial length of the object of measurement established after previous loading. This
strain value is designated the logarithmic or "true" strain ¢, and for small variations in strain it
is approximately calculated as:

The;l FBG within the FBG strain sensor registers the strain applied to the element via(the
proflective coating, the supporting material or the bonding medium. The strain measured,by|the
FBG@ strain sensor can be affected by the plastic/inelastic behaviour of such materials:

Wheén Bragg grating fibres are used, inadequate strain transfer can lead to deviatipns.
Consequently, an incorrect strain response by the object of measurement ocCeurs.

5.6| Reference wavelength

Dive¢rse evaluation methods and different devices result in different-wavelengths being reconded
for {he same filter function of the Bragg grating. In the context(f, this document, therefore,|the
resylt of the wavelength measurement after installation ofithe FBG strain sensor with|the
spegified device will be denoted the reference wavelength®,.

Thelreference wavelength does not necessarily have\the same value as the Bragg wavelength
spegified by the manufacturer of the FBG. Becauseé of the very small difference between|the
refegrence wavelength and the Bragg wavelengthy'either wavelength value may be used in|the
follgwing equations without introducing significant error.

If the reference wavelength is measured when the measurement cycle is started, [this
wavielength measurement can be considered as the zero point measurement value (see 3.20).

5.7| Stability behaviour
5.7/ Drift and creep

Stability, in general, ds\‘the ability of a measurement system to maintain its metrological
chafacteristics and-meet other specifications over the intended time of operation. Stability, in
the [context of this ‘document, describes the property of the applied FBG strain sensor to keep
its gptical characteristics constant over a period of use determined by the objectives, or to show
only a small-permissible deviation.

Var(ations in the measured value might occur:

— Wwhnerln e materials concerned are supject tO 10ng-erm stress (Creep),

— without loading stress (zero point drift).

This may be caused by the slow progress of chemical or physical degradation within the
materials used (e.g. ageing), or by a change in the initial physical conditions (e.g. temperature
or humidity).

Creep is a quantity that depends on the materials employed, the set-up of the sensor and the
type of operation, and can only be determined experimentally. According to current experience,
the error contribution as a consequence of creep remains irrelevant within the scope of the
given uncertainty of measurement for the gauge factor k£, when the bonding material-preseribed
specified by the manufacturer is used.
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Drift is a slow change of the metrological characteristics of the measurement system. The drift
error of an FBG strain sensor is negligibly small, according to the state of the art; hence for this
document, no further specification is required. However, if drifts are generated by for example,
a modified production process or inadequate recoating material, the drift should be stated.

5.7.2 Shape stability of the Bragg grating peak

For correct operation, no significant variations in the shape of the spectral response should
occur. The spectral response and stability of an FBG element depend on the manufacturing
process and subsequent treatment of the grating. During further processing of the FBG into an
FBG strain gauge, or an FBG strain sensor, variations can occur in the spectral response, which
may lead to deterioration of the required stability characteristics in consequence. A spectrum
is gcceptable when the side-lobe maxima are at least 5 dB below the main peak. [The
spegification of the FBG applies to the condition of the FBG strain sensor on delivery«

573 Hysteresis

Hysfteresis in material science describes a particular material behaviour whereby the material
doep not return to its original state, or does so following a time delay, .once the input load |has
beeh removed. This means that the output value for an elasto-plasticydeformation behavfour
doep not depend only on the input value but also on rate-dependent processes.

showing a hysteresis effect. Coatings of silica-based FGB strain sensors, or protective mategrial
in which FBG strain sensors are embedded, constitute d_ transition zone between the sefsor
element and the object of measurement (according to.52), which may cause hysteresis effgcts.
If hysteresis occurs for repeated or cyclic conditions)within the specified operation strain range
of the sensor, the amount of hysteresis should be.described.

When the strain (or temperature) changes, the silica-based FBG*s peak commonly shifts wit}out

5.8| Test specimen

Herp, flexural beams, plates or other objects are designated as test specimens upon which|the
FBG@ strain sensors are installed in order to determine and verify their properties. The cong¢ept
"stajndard test specimen" is used in connection with calibration and testing. For the gengral
desgription of measuring procedures, the concept "object of measurement” is used.

5.9 Indication of the measured values

The| variations in theSBragg wavelength induced in the FBG are scanned by a conne¢ted
megsuring device~'(measured values) and processed for metrological use (resulf of
megsurement). l{ is“customary for the measuring device to supply the optical input signa| for
the pensor and,also to record the sensor response signal.

5.10 Zero“point related measurement

The| concepts "zero point measurement" and static or quasi-static measurement, respectively,
denote all measurements where the measured value refers to an initial value (the zero point,
see 3.20).

The following influencing factors shall also be considered:

— drift in the measuring instrument;
— method of evaluation:

diverse evaluation methods (measuring devices) can result in different offset quantities with
respect to the zero point. In case of replacement of the measuring device, the zero point
offset between the old and the new instrument should be determined correspondingly;

— creep of the applied sensor.
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The scanning procedure of the FBG strain sensors shall take place in a route neutral manner,
so that the characteristics of the connecting leads and of the optical connectors or splices do
not affect the zero point. Nevertheless, intermittent zero point checking is recommended.

5.11 Non-zero point related measurement

For non-zero point related or periodic dynamic measurement, the measured values are not
referred to a fixed initial value. This only applies to the amplitude measurement of a periodic
oscillation.

5.12—Rrodusction-set

An FBG set is a batch of FBG produced in the same manufacturing process.

5.13 FBG strain sensor standard type

An FBG strain sensor standard type is a batch of FBG strain sensors with\idéntical phygical
properties (geometrical dimensions, manufacturing process, materials used, post-processing,
Bragg wavelength).

5.14 FBG strain sensor series

A s¢gries is a batch of FBG strain sensors for which the matetials used and the manufacturing
pro¢esses are identical, but which may show differences” in their Bragg wavelength or
dimgnsions.

6 |Features and characteristics to be reported

6.1 Construction details and geometrical’dimensions

Thel| features to be quoted shall be referred to the appropriate sensor configuration according
to 5/2. The pertinent configuration shalbe named.

The| geometrical data for lengthy width, height and distance of the sensitive element from|the
objgct of measurement, as welbas the relevant dimensions for assembly, shall be reported by
the manufacturer.

6.2| Configurationof'the FBG strain sensor

The| configuration .of the FBG strain sensor according to 5.2 shall be reported by |the
marnufacturer/lfmore than one configuration is reported, the features and characteridtics
megsured according to Clause 7 shall be given for every configuration.

6.3 | <{Femperature and humidity range

The manufacturer shall report the temperature and humidity ranges for storage, installation and
operation.

6.4 Connecting requirement

It shall be indicated whether or not the sensor is supplied with an optical connector. If a
connector is used, the type shall be indicated according to+tEC-60874-1 IEC 61754 (all parts).
The smallest radius permitted for laying the connecting leads shall be stated. When the sensor
is connected to the leading cable, compatibility regarding the diameter of the mode field shall
be ensured. Splice losses occur through faulty matching. If there are splice losses, the producer
shall inform about the fibre parameters and this additional attenuation. If the FBG strain sensor
can be operated from one side only, the manufacturer shall mark the side to be used for the
connection. This can be the case when FBG arrays with a high reflectance are employed.
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Features and characteristics to be measured
Sampling and statistical evaluation
1 Sampling

following sampling methods shall be used according to the intended scope of testing:

random sampling;
type testing;

020

Mar
Ann

performed in this case. The number of sample sensors as well as the date of/the evaluat

sho

7.1.

The
follg
the

rest

71

The
spe

Eeries tesling;

ndividual sample testing.

y of the FBG strain sensor properties (see further properties of FBG straipsensor
ex A) can only be determined on an installed sensor. A statistical evaltiation shal

1ld be noted.

2 Random sampling

requirement for performing random sampling is the assumption that the character
ws a Gaussian distribution. All sensors chosen for characteristics testing shall belon
same production set. A significant number of samples (at‘l€éast five) shall be selected.
It of a random sampling test is valid for one production'set.

B3 Type testing

type test is a random sampling test as in«/:1.2. Here, the result of testing at least
cimens of this type is declared valid for allbproduction sets.

714 Series testing

Thel| series test is a random sampling test as in 7.1.2 whereby the result is determined f
sindle specimen out of a sensor series and declared valid for the whole series.

7.1. Individual sample_testing

Herg, each specimen_of\a sensor series or just a prototype of a unique FBG strain sensor §
be tested.

7.1. Repornting the measuring result

Thel| resuli~of the series tests, type tests and random sampling tests is expressed as
arithmeticomean value with its corresponding standard deviation. The form of the statemer
the ptabndard deviation shall be specified.
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If sensors X, to X, are tested, then the characteristic is quoted as the mean value x of the n
determined values x, to x,, of the sensors.

The

standard deviation (of the individual value) is given by:

(7)
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s=\/n1_1 3 (-3 ®)

71.7 Sample conditioning

The sensors selected for testing shall be allowed to reach equilibrium with the environment in
which the test shall be performed; exposure of at least 6 h in such environment should be
adopted anyway.

71. Ambient test conditions

All tests shall be performed at specified temperature and relative humidity conditions; thewalues
of pprameters and their tolerance shall be reported.

719 Required type of test for individual characteristics

The|required type of test for individual characteristics is given in Table 1.

Table 1 — Required type of test for individual characteristics

Design-specific features and characteristics Type of test
Opegrating temperature and humidity ranges Series test
Bragg wavelength Individual sample test
FB{ spectral width Series test
Reflectivity Type test
FB( strain sensitivity Random-sampling Series test
FB{ gauge factor Random-sampling Series test
Makimum strain range at ambient conditions (seg*7.1.8) Series test
Fatjgue behaviour Series test
Mirlimum operating radius of curvature Series test
Temperature-induced strain response Random-sampling Series test

7.2| Bragg wavelength ig

7.2 General

Thel following)characteristics of an FBG spectrum shall be measured as requested by [this
document-or as requested by the customer:

— PBragg (peak) wavelength in nm;

FBG spectral width in nm;
FBG reflectivity in %;
relative side-lobe level in dB;

FBG signal-to-noise ratio in dB;

Ay, Ay, first poles (minima) of the Bragg grating reflection peak (see Figure 5);

polarization induced uncertainty of Bragg (peak) wavelength;

polarization induced uncertainty of FBG spectral width;
polarization induced uncertainty of reflectivity.
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Spectrum CH1 (11)
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NOTE The value /5 follows from the mathematical algorithm of the device. The spectral resolution, scan ratg and
software-implemented filters of the device determine the precision of the peak wavelength.

Figure 5 — Reflection spectrum of a FBG (calculated (left)
and measured spectrum (right))

7.2 Measuring procedure

For|[FBG with a lower reflectivity (Rpgg < 50 %), the Bragg wavelength shall be measuref in
reflgction. For FBG with a higher reflectivity (Rgpgg\> 90 %), on the other hand, it shall be
megsured in transmission. In fact, for highly reflecting FBG (Rggg > 90 %), the maximum off the
Bragg wavelength peak becomes progressively<more difficult to determine exactly. In this case,

the fransmission minimum shall be used for,Bfagg wavelength measurement. For intermedjate
valyes of reflectivity, either configuration can be used.

Altgrnatively, in case of a symmetrical spectral response, the Bragg wavelength shall be
calqulated as the arithmetic mean)for example between the two points of the 3-dB drop-off
(seg Figure 5).

All measurements shall be“performed when the FBG strain sensor is unbent. The Bragg
wavielength of the FBG_ shall be measured with sufficient spectral resolution and reported. [The
megsurement method used and the corresponding uncertainty (spectral resolution) should be
reported. In case( of polarization effects, special measurements have to be carried |out
(seg¢ Annex C).

7.23 Evaluation

No patticular evaluation is necessary.

7.2.4 Reporting

The measured or calculated Bragg wavelength and the measurement procedure shall be
reported. When requested by the customer, the typical FBG spectrum shall also be reported.

7.3 FBG spectral width
7.3.1 Measuring procedure

The FBG spectrum of the FBG strain sensor shall be measured with sufficient spectral
resolution. The measurement shall be performed when the FBG strain sensor is unbent.
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Because local inhomogeneous variations in the state of strain within the FBG can cause spectral
width to change, strain measurements-have-to shall consider this possibility. Changes in the
spectral width can occur when they are used as FBG strain sensors. The causes for a variation
in spectral width can be found

— in the installation itself, where different forces (strain states) were introduced;

where delamination occurs;

— when an effective inhomogeneous strain occurs at the measuring point.

The constancy of the spectral width has important influence on the measurement uncertainty
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7.3.
The

cted by different influencing quantities, for example temperature, maximum possiblé-st
continuous oscillation behaviour.

cal source if birefringence exists in the fibre at the location of thes FBG. Ta
surements of the spectral width for a range of polarization states of the optical source 0
ides strong indication of the condition of the sensor.

ough polarization dependence may result from either inhomdgeneity during the orig
ufacture of the FBG, inhomogeneous bonding of the FBG Jinte’the strain sensor devic
mogeneous bonding of the strain sensor device to the host structure, they all shoulg
idered undesirable and will degrade measurement accuracy (see 5.7).

2 Evaluation

measured FBG spectrum shall be evaluated according to the definition (see 3.7, and Fig

1, dnd Figure 5). The spectral width shall be determined from a reflection spectrum, wher

the

difference of the two wavelength values abthe 3-dB drop-off is taken from both sides of

reflgction maximum. Alternatively, the transmission spectrum shall be used with appropn
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ctrum evaluation.

3 Reporting

ctrum shall also be reported.

FBG reflectivity
1 Measuring“procedure

FBG spectrum of the FBG strain sensor shall be measured with sufficient spec
lution."T"he measurement shall be performed when the FBG strain sensor is unbent.

R Evaluation

typical spectral width shall be reported. When requested by the customer, the K

mustng-mathematicatevatuationprinciptesforigdetermimation—The-spectrat-width—can be

rain

spectral width can also be strongly influenced by the state of polarization of the“illuminatting
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The measured FBG spectrum (see Figure 6 as an example) shall be evaluated according to the
definition (see 3.5):

G 100 %

Repg =

(9)

B -P,
RFBF%MOO% (10)

0
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and transmission spectrum (right, Equation (10))

3 Reporting

Thel| typical reflectivity shall be reported. When requested by, the' customer, the FBG spect

sha

7.5

7.5.
The

| also be reported.

FBG strain sensitivity

1 General

strajn. The functionality may be non-linear{The strain sensitivity is commonly determineq
tengile strain test. The sample-has-te shallbe loaded by uniaxial tensile strain using appropf

tool
exa

5 to uniformly stretch a fibre segmeént with the fibre grating on it. Tensile test provides
ct strain characteristics of an FBGiloaded by uniaxial strain. For calibration procedures,

resglution of the reference measurement system should be at least 5 times better than

spe

Cified measurement resolution of the sensor under test. It-has-te shall be ensured that

megsurement uncertainty of\the reference measurement system allows excluding system
megsurement deviations. If\the measurement uncertainty of the testing facility is worse, it s
be documented.

The| elongation of the specimen under test may be measured by a precise extensometer
mple FabrysRerot or another type of interferometer. It is also common to use a referg
strajn gauge-applied to the surface of the test specimen at a place where sample deform

IEC

jure 6 — Determination of Rz from the FBG reflection spectrum (left, Equation (9))

rum

strain sensitivity describes precisely the response of the FBG strain sensor to the applied

| by
iate
the
the
the
the
atic
hall

measurement methods allow the measurement of surface dlsplacements of aII parts of the
applied sensor (sensor with coating, fixing material, sample material). The choice of the optical
method depends on the requirements with respect to strain range, strain resolution, and

env

ironmental conditions.

Strain sensitivity ascertainment can also be used to determine the gauge factor £ of strain
sensor samples (see 7.6). If the strain sensor is attached to a material to be evaluated, and if
the tensile test facility is equipped with a measurement system (e.g. digital image correlation
system or a system based on speckle interferometry that is physically independent of the
evaluation methodology to determine the strain response), the influences of involved materials

suc

h as coating, adhesive, etc., on the strain sensitivity characteristics can be evaluated.
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Particularly in the case of long-term strain measurements, determination of the strain sensitivity
should consider the influence of temperature and humidity effects. Testing under combined
mechanical, thermal and environmental loads is recommended.

7.5.2 Tensile test set-up

A test sample clamped in a load-bearing facility that introduces uniaxial tensile strain (see
Figure 7) shall be used for determination of the strain sensitivity. The sensor under test shall
be installed centrally (applied sensors on a sample, test piece) in the principal direction of
stress. The sample should be well-aligned and fixed in grips which allow the force-application

axis_to coincide with the strain direction of the sensor to be characterized. The grips shall not
intrgduce bending in the sample during loading.

Tenjsile testing machine-shall should meet the requirements of ASTM E8/E8M or /SO 7500-1,
or g corresponding standard.

Loading plate

[
L |
I. iiice..l

-

Specimen
| A

k14 U — Loading

= L-,J . screw

Gear system
4 -
S~
Encoder

Brush servomotor
IEC

Figure 7 — Example set-up of a tensile test facility

If special types of \EBG strain sensors are to be used, for example long gauge length types,
other set-ups may be used for the tensile test facility. The operation principle and the standard
uncertainty of\that facility should be documented and provided upon request.

7.53 Measuring procedure tensile test

Th bi.ldill bb‘llbiliviiy bild“ IUb' (.jU‘LUIIIIiIIl::(.Il by dppiyllly unid)\iai bildill i.U iilc SCITSUI bdlllpic. The
strain range should be varied in at least 5 equidistant steps from the minimum to the maximum
strain specified for the sensor. This should be performed in at least three stretch and release
measurement cycles.

Reference ambient conditions shall prevail during the measurement with a temperature stability
of at least +0,5 K to avoid temperature-induced change of the sample’s Young-modulus. The
temperature stability-has—te shall be improved if special requirements for the sensors to be
tested are present. After proper storage, the FBG strain sensor shall be installed on the
standard test specimen or in the testing device under standard conditions, according to the
manufacturer's instructions.
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The installation conditions (type of bonding) for the determination of the strain sensitivity shall
be mechanically-identical as close as possible to the installation conditions for the operation of
the sensor.

7.5.4 Evaluation

The strain change A¢ shall be determined from the measurements of length and change in
length. This is done according to Equation (5). The strain sensitivity is calculated according to
3.13 as:

—=(1-p)xA¢ 11)

The| FBG strain sensitivity is often a function with a complex shape (particularly at\the extremes
of temperature or strain). The FBG strain sensitivity represented by (1 — p)-need not be|the
sane as the gauge factor, because the gauge factor is only a linear approximation to the FBG
straLn sensitivity that only considers the response for the FBG strain, sensor over a naifrow
(manufacturer specified) operating range.

7.55 Reporting

The| strain sensitivity characteristics (functional correlatiom between relative changg in
wavelength A/iy and the introduced strain A¢) as well as the measurement procedure shall be

reported.

7.6| Gauge factor &
7.6/ General

Galge factor k is introduced as a linear<approximate for practical use. In concrete terms,|the
strajn sensitivity of any strain sensor-n€ed not be linear but can deviate from a linear functjion.
Forjan easy statement of the strain measurement result, the gauge factor is used under defined
confitions. The use of the gauge*factor has been established in past decades. Manufactufers
proyide it for their strain sensor-products and define for specified application conditiond an
uncgrtainty for which the gauge factor is valid. The manufacturer-has-te shall ensure the stability
of the gauge factor for all specified conditions and that all specified environmental and Igng-
term influences on the_strain sensitivity are within the uncertainty band of the gauge factor

A common practice-to determine the gauge factor k of strain sensor products is the four-point
bending test. Depending on the availability of the testing facility, both the four-point bending
test| method-and the tensile test method can be used. Specific requirements concerning|the
material ohte’ which the sensor is installed have to be considered for the choice of testing
method(

Particularly in tThe case of long-term sfrain measurements, determination of the gauge factor k
should also consider temperature and humidity effects. Testing under combined mechanical,
thermal and environmental loads is recommended. The determination of gauge factor £ should
be referred to a strain sensitivity measurement to define permissible error. This uncertainty
band takes into account deviations from the strain sensor characteristics.

7.6.2 Bending test set-up

A flexural beam shall be used for the measurement of the gauge factor k£ of applied strain
sensors. The sensor under test shall be installed on the beam in the principal direction of stress.
A four-point bending test set-up should be used to provide linear strain and stress distribution
in the middle of the beam and constant bending moment between the inner points of load
application. This avoids inhomogeneities in the beam material influencing the sensor due to
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changing bending moment. The sensors shall be installed centrally on the flexural beam.
Appropriate test facilities are proposed by ISO 14125.

Bending shall be generated by controlled displacement, and not by using weights, in order to
avoid creep effects of the flexural beam. The loading device (see Figure 8 and subfigures) shall
be rigid. As little torsion as possible shall be generated in the flexural beam. The strain ¢, to be
induced into the sensor under test shall be in the strain range between -1 000 um/m and
+1 000 um/m, where a tolerance of £100 um/m is permitted, whereas the strain limits should be
chosen according to the material of the flexural beam. The strain shall remain in the permissible
elastic range, which is 70 % of yield strength (Rp ;) for metallic materials. The yield strength
of ofhier materials-shalf should be defined according 1o relevant standards, for example 1SQ $27-
4 orlASTM D3039/D3039M, or-has-te shall be defined by tests. The strain ¢, shall be determined
withl a measurement uncertainty of 0,5 % at maximum. Within the operating range of th&flexural
beam, the strain shall not exceed an uncertainty value of 0,5 %.

[ AN
é I ]
L3 ]
a | L)
] [ 1
| :
P2 —@'_I Lateral force E
| Bending I © PR
: moment !
@ i ® i@
) "
Peal2
EC
a) Test set-up b) Load distribution

Figure 8 — Test layout-{left) for the 4-point bending test with scheme
of lateral.force and bending moment curves-{right)

Tes} facilities should allow introducing static strain over several load steps.

The| bending ofwthe flexural beam shall be measured by a displacement measurement
(seg Figure 9)-
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surface under compression

surface in tension

Figure 9 — Determination of the strain via displacement, measurement

surface strain for the measurement on the concave side)of the flexural beam can
fessed as:

. h

p a2
—+p1+h
Py

surface strain for the measurementxaon the convex side of the flexural beam can
fessed as:

o = h

p a2
——+p,—h
Py

be

12)

be

13)

ause the FBG strain sensor is placed at a distance s from the surface of the flexural bgam

Figure 10), the-measured strain ¢5gg in the FBG shall be corrected.

corrected strain gp' at the flexural beam is given by:

: 0.5x4h

T, = ——————Xg,
P 0,5xh+s 0SS

14)
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distance of the flexural beam surface from the neutral axis
distance of the sensor from the surface

flexural beam with marked neutral axis

sensor under test attached on the surface

Figure 10 — Whole-surface applied sensor on a bended flexural beam

3 Measurement procedure

applying strain to a flexural beam upon which the sensor under test is installed, or

bttaching the sensor under test at two points withza distance of L which are displaced ax
relative to each other during the measurement.

load can be introduced continuously@or step-wise. Step-wise load introduction

erial. The number of load steps-has-te shall be defined according to the load range that
sor has to perform. The strain rahge should be varied in at least 5 equidistant steps f
minimum to the maximum strain specified for the sensor. This should be performed i
t three stretch and releasesmeasurement cycles. Approaching and constant controlling
steps should be displacément-controlled to avoid creep effects.

brence ambient conditions shall prevail during the measurement, with a temperature stah

erature stability-has—te shall be improved if special requirements for the sensors tq
cd are present. After proper storage, the FBG strain sensor shall be installed on
dard test{specimen or in the testing device under standard conditions, according to
ufacturer's’instructions.

gauge factor k£ of an FBG strain sensor shall be determined in one of the following ways:

ally

is

mmended to avoid changes in the strength properties of the tensile test sample or the bgam

the
rom
n at
the

ility
The

be
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sensor.

The sensor under test shall be subjected to prior loading at least three times alternately in
positive and negative directions. The prior-load shall produce a level of strain that lies by at
least 10 % over the strain used for the measurement of the gauge factor £. If a sensor cannot
be loaded in a negative direction, then only positive prior-load should be applied.

The flexural beam with the FBG strain sensor shall be adjusted to the zero position; the
measured value Ay shall be recorded.

A positive strain of 1 000 pm/m £ 100 um/m shall be generated.
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The measured values and ¢, shall be recorded. The test specimen shall be unloaded
pos

and the value i, recorded again.

A negative strain of =1 000 um/m = 100 um/m shall be generated.

The measured values and ¢4 shall be recorded. The test specimen shall be unloaded
neg
and|the strain as well as the value 4, shall be recorded again for the purpose of a plausihility

chegk.

Tesling the gauge factor for a negative strain can be waived if the sensor designris/not suitable
for {he determination of negative loading.

If tHe FBG strain sensor is also usable for negative strain, then the gauge factor k shal| be
dete¢rmined for the negative strain range as well. The nominal strain,'shall have a valug of
1000 um/m £ 100 um/m.

7.6.4 Evaluation
If the reference strain is to be determined by a displacementmeasurement, then the strain ghall

initially be determined from the measurements of length and change in length. This is done
accoprding to Equation (5).

If albending strain is applied, initially the distance of the Bragg gratings from the surface ghall
be ¢orrected. The mean value shall be calculated from these corrected values.

The| gauge factor & for FBG that behaye'symmetrically with regard to positive and negqtive
strajn is determined using the following expression:

‘M
_%

ad

A

% neg
+|Ae| 15)

neg

+

pos

k

pos

7.6.5 Reporting

Thel| strain-gauge factor £ and the measurement procedure shall be reported.

7.7 | <\Maximum strain range at room temperature

7.71 General
Maximum strain range is reached when one of the following criteria apply:
— the gauge factor k of the FBG strain sensor under the appropriate strain deviates by more

than the specified uncertainty;

— thelargest side-lobe in the spectrum does not lie at least 5 dB below the Bragg peak (see (1)
in Figure 1);

— the spectrum shows a structure no longer amenable to evaluation.
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7.7.2 Test set-up

The same test methods as recommended for the measurement of strain sensitivity should be
used (see 7.5) to determine the maximum strain range at room temperature.

A flexural beam or a tensile strain test sample with known strain behaviour shall be used to
generate a defined strain. In the main stress axis, the strain ¢z shall be adjustable between

=100 000 pm/m and +100 000 um/m, where a tolerance of +2 000 um/m is permitted. The
uncertainty of the set strain shall have a maximum value of 1 %. The strain shall continuously
be adjustable The Ioad can be mtroduced contmuously or step W|se In case of continuous
loading . = 3 c
of the tenS|Ie test sample or the beam materlal are av0|ded Step wise Ioad mtroductlon is
recommended to avoid changes in the strength properties of the sample or the beam matﬁL'ial.
In case of stepwise loading, strain steps should be adjusted at least in steps of 5,000 u

Within the operating range of the flexural beam or the tensile strain test sample, the strain ghall
havg a variation < 0,5 %.

7.78 Measuring procedure

Aftdr proper conditioning, the FBG strain sensor shall be installed on'the flexural beam or|the
tengile strain test sample under standard conditions according to the manufacturer's
instfuctions. The installation on the beam shall be carried out such that the FBG strain senqsor
can|be compressed and tensioned. If the FBG strain sensor.is‘only suitable for positive strain,
then the FBG strain sensor shall only be loaded in the pasitive strain direction, or the ter]sile
testimethod shall be used.

The| sensors shall be connected to the measuring instfument, and the zero points and speftra
shall be recorded.

The|test specimen shall be deformed continudusly or progressively in steps, until the specified
strajn is achieved. Within this range, the abort criterion with regard to spectral changes may| not
be eached. The positive and negative strain at the beam or the tensile strain at the tensile ftest
spegimen shall be calculated based-oh a mechanics equation for deflected flexural beamp or
megsured separately using a referénce measuring procedure according to 7.5.

If the testing equipment is net\able to achieve a strain under which the abort criterion is reached,
the maximum strain value, obtained in the test shall be reported as maximum strain.

7.7]4 Evaluation
r

By fransforming:Equation (11), the expression for the strain ¢ is obtained:
Ap = AL/ D
k 16)

In case of using a flexural beam to determine the strain in a surface-attached FBG strain gauge,
the thickness of the fixing material that causes a distance of the FBG strain sensor from the
bent surface of the object of measurement shall be taken into account. The bending strain eqg

of the object of measurement is then estimated by using the following equation (see 7.5 and
Figure 11)

0,5xh

. 17
065xhts 0SS (17)

¢OF =
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7.7.5 Reporting

020

The maximum strain range determined using the recommended bonding technique shall be
reported. The FBG strain sensor spectrum for the unloaded state and for the maximum strain
range shall be reported when requested by the customer.

7.8

7.8.

Fatigue behaviour

1 Test set-up

An apparatus shall be used which can generate a sine-shaped alternating load with locally

con

For
sha
<5
thro

7.8.

The|

stant strain. The strain amplitude shall be adjustable.

surface-applied sensors, the local constancy of the strain over the usable bending surtf
| be =5 % of the amplitude. During the experiment, the variation in strain leyels shal
o of the set amplitude. The apparatus shall keep the mechanical zefo)'point st
ughout the whole period of the experiment to < 1 % of the set strain amplitude.

2 Measuring procedure
measuring procedure is as follows.

The FBG strain sensor shall be installed on the test specimen under standard condit
according to the manufacturer's instructions. The test cotditions shall be recorded.

The test specimen with the FBG strain sensor shall be(dynamically loaded either by unig
fensile testing or 4-point bending. At the beginning of the test, the zero points and spe
shall be recorded.

The test specimen shall be burdened by a sinusoidal load of appropriate amplitude
frequency. The amplitude, frequency and-"number of load cycles shall be recorg
Throughout the entire experiment, the load’amplitude shall be kept constant. A tempera
measurement, or a suitable compensation, shall ensure that thermally induced zero p
displacements do not occur or are taken into account.

Up to the maximum number of T6ad changes, the test shall be interrupted after cer
oading cycles in order to assess the quality of the spectrum and the variation in the 2
point. Typically, after 10, 30; 100, 300, 1 000, 3 000, 10 000, 30 000, ... up to 107 |
cycles, the intermediate"measurements should be performed. It shall be checked whe
the sensor still correctly’ measures the time dependent strain behaviour (amplitude
function).
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Figure 11 — Test specimen with applied FBG strain sensor
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7.8.3 Evaluation

Fatigue strength is given when the measured amplitude, after a certain number of load cycles,
is reproduced such that its value varies during the experiment only within the gauge factor &
tolerance. Fibre fracture is a failure criterion.

The zero point variation is determined as a function of the number of load cycles and the level
of strain under constant experimental conditions.

7.8.4 Reporting

Loahing conditions and the number of load cycles achieved shall be reported.

7.9| Minimum operating radius of curvature
7.9 Measuring procedure

The| FBG strain sensor shall be placed in the loading equipment and bent at a given radius (e.g.

usinlg a tube of known diameter). If the structure of the sensor permits’ (e.g. for FBG sfrain

gaupge), the test shall be performed in the direction of the fibre and atv90° to it. During tesiing,
I

the [sensor shall exhibit an acceptable spectrum according to 5.1_and Figure 1. After the fest,
the [FBG strain sensor shall be examined visually for delaminatioh) and the spectrum shall be
megsured and checked for significant distortion. If the sensor is’still fully operational after [this
test|land recognizably undamaged, then the given radius shalkbé reported as the smallest radius
of curvature. The test should be repeated at least three times.

NOTE Significant spectral distortion is present if the implemented evaluation algorithm of the used measurement
instrment is no longer able to determine the one-to-one Bragg‘wavelength after these bending tests.

7.9.2 Evaluation

Thig experiment requires no specific evaluation.

798 Reporting

Thel smallest radius of curvatude for which the FBG strain sensor is still functional shal| be
rep¢rted as the minimum operating radius of curvature.

7.11 Temperature and-humidity ranges
7.10.1 General

FBG@ strain sensors have temperature and humidity limits which shall not be exceeded to engure
safg operation: One should distinguish between temperature and humidity ranges for

— storage and transport,

— nstallation

— operation.

Temperature and humidity limits are a consequence of the fact that FBG strain sensors consist
of materials that show degradation effects due to temperature and humidity influences (Bragg
gratings, polymer and other synthetic materials). Thus, FBG strain sensors are suitable to only
a limited extent. The individual temperature and humidity ranges are defined as follows:

o For storage and transport:

The temperature and humidity range for storage and transport is the range in which the non-
applied, delivered, packed FBG strain sensor can be stored for at least one year after
delivery. In this period of time, the technical specification shall not vary.
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e For installation:

The temperature and humidity range for installation is the range in which the FBG strain
sensor can be installed and the specifications according to the data sheet are maintained.
Professionally performed installation is a prerequisite.

e For operation:

The temperature and humidity range for operation is the environmental range in which the
FBG strain sensor installed according to the manufacturer’s instructions can operate, and
its specifications stated in the data sheet are maintained for the period of operation.

Thel| test to determine the temperature and humidity range for storage and transport:shall be
carffied out in an appropriate climate chamber at the lower and upper limits of the\Specified
ranges for a period of at least 1/10 of the designated lifetime of the sensor or-an adeqdate
agejng technique. The FBG strain sensor shall then be tested by measuring and gvaluating| the
FBG spectrum under load within the specified strain range.

Thel|test to determine the temperature and humidity range for installatiofh shall be carried olit in
an appropriate climate chamber at the lower and the upper limits ofsthé specified ranges. [The
FBG strain sensor shall be installed on a test sample according. to the specification, with
appfopriate bonding material recommended by the manufacturer;’at the lower and the upper
limi{s of the specified ranges. The FBG strain sensor shall then be tested by measuring [and
evaluating the FBG spectrum under load within the specified\strain range.

Thel| test to determine the temperature and humidity range for operation shall be carried out in
an appropriate climate chamber at the lower and the dpper limits of the specified ranges. [The
FBG strain sensor shall be installed on a test\sample with appropriate bonding material
recommended by the manufacturer. The test shall be carried out for a period of 1/10 of|the
des|gnated lifetime for short term use; in case of long-term sensor use, an accelerated [test
under elevated conditions according to IEE:61300-2 (all parts) and IEC 60068-2 (all parts]) for
a peériod of two months shall be carriedtout. The FBG strain sensor shall then be testedq by
meagsuring and evaluating the FBG speetrum under load within the specified strain range.

NOTE This is a simple proof test of, the“specified data by the manufacturer. This test cannot substitute spgcific
durapility tests for specific applications,(e.g. long-term monitoring of a bridge).

7.10.3 Evaluation

No particular evaluation is necessary.

7.10.4 Reporting

The| determined temperature and humidity ranges and related test conditions for storage,
instpllation, and operation shall be reported.

7.1 1—Otherenvirommentat-infiuences

Other environmental influences such as radiation (e.g. sun exposure or exposure to y-radiation),
biological or chemical attacks might affect the sensing characteristics of the fibre Bragg grating.
This could occur by increasing the transmission loss by changing the transmission
characteristics of the fibre, by changing the material characteristics of the coating used, or could
lead to ageing effects.

If these environmental influences are relevant, corresponding measuring procedures-have-to
shall be applied, and the behaviour-has-te shall be clarified.
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7.12 Temperature-induced strain response
7.12.1 General

Temperature-induced strain usually occurs in FBG strain sensors because they can have quite
complex structures whose material can undergo thermally induced deformations, and thus
cause the Bragg grating to experience a strain.

The effect of a thermal influence on the intrinsic spectral response of an FBG is described in
3.18 and 5.1, Equation (4). The temperature-induced strain response of an FBG strain sensor
is determined by

— the thermal expansion of the material forming the complex sensor structure, and
— the change in refractive index of the FBG with temperature.

Both contributions affect the Bragg wavelength of the FBG and consequently the strain indicated
by the recording device. This leads to a zero point error. In order to add the two contributTons

together, conversion into wavelength or strain is necessary. The sum of temperature gradjient
and|thermal expansion results in the apparent strain &g:
AT AT
&g XAT |+ Ex—— 4 ax— 18
= (gm ) s k )

The| first term in the sum describes the expansion of the load-transferring material of|the
conjplex sensor due to the effect of temperature. The second term describes the temperatpre-

indyced strain and is denoted Engr - The temperatire-induced strain is fibre-specific and has a

typital value of 7,8 x 1076 x k=1 (valid for waveleéngths in the range of 1 550 nm and standard
single-mode glass fibre, e.g. SMF 28). The thermal expansion a of the bare fibre material (third
terr’;[ in Equation (18)) can be neglected.*tiowever, for silica fibre in any plastic coating,|the

thenmal expansion could rise substantially:with temperature due to the temperature dependgncy
of the thermal expansion coefficient; and for most polymers, Young-modulus drops even faster
withl temperature. In fact, temperature effects of FBG strain sensors will be strongest atEow
temperatures and gradually reduced at elevated temperatures. The magnitude of this effect
depgnds on the type of polymer;and its glass transition temperature.

Considering thermal expansion details, it is possible to represent the apparent strain for many
standard applications.as a relative change in wavelength:

M:kx(agmxAT)+cf><AT 19)

Forla&train measurement, the measured values obtained shall be corrected to achieve the final
I’eSL!t Theo indicaticon ~t thn A~~~ dina dovieco o tha o ~AfF tha A~ t ctrain ~nAd the

e oCotroTT— ot thc— o CoTOUN Ty TV TCC— 1o e ouTT O oo apparcT it oot arrda

mechanically induced strain. Usually, the aim of the measurement is the mechanically induced
strain. In order to obtain this, the apparent strain shall be subtracted from the recorded strain
values.

7.12.2 Test set-up

The temperature-induced strain is determined in a temperature chamber, an oven or a
thermostat in the expected temperature range without introducing strain. The leading cable shall
be suitable for the required temperatures. The FBG strain sensor should be attached in the
same manner as commonly used for later installation. Materials with a well-known coefficient
of thermal expansion and an adequate temperature correction for this material should be used.
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The thermal coefficient of expansion of the FBG strain sensor material shall be known or
specified by the manufacturer.

The required equipment for the temperature measurement of the test specimen shall have an
uncertainty better than 0,2 K.

7.12.3 Measuring procedure

At least five FBG strain sensors shall be investigated. The number of test samples as well as
the temperature steps shall be reported. The number of test specimens shall be reported. The
e r of

The|l FBG strain sensor located in an appropriate temperature-controlled unit is héated to|the
highest temperature. Next, the temperature shall be varied either in progressive steps or lingarly
in stich a way that thermal equilibrium is reached before the measured strain value is recorded.
At {emperatures between 0 °C and 100 °C, condensation on the sample. shall strictly| be
avolded. It is recommended that the measurements be carried out at decreasing temperatuyes.
The| temperature and Bragg wavelength change of the FBG strain sensor shall be recorded
during this process.

7.12.4 Evaluation

The|temperature-induced strain ¢ is simplified according to the relation:

Neff

[M
%
Enes =T—agm xAT 20)
Herp, oy, is the coefficient of thermalcexpansion of the load-transferring material of the FBG

strajn sensor.

Thel mean value and the standard deviation shall be determined from the individual measyred
valyes. For the complete statement of the measured result, the mean value and the standard
dev|ation are required.

7.12.5 Reporting

The| temperature=induced strain shall be reported with its tolerance value and represented
analytically or'‘graphically. For linear functions, the statement of a coefficient is permitted.

7.13 _Proof test and lifetime considerations

7.13.1 General

Long-term grating stability and thus reliable strain sensor function can have serious
implications, given potential applications that are critical to optical fibre sensors. The term
"lifetime" (or better "service life") describes usually the period of time during which a machine,
tool, or device can be operated properly within the specified performance. The service life ends
with the failure of the considered object. The term "failure rate" is alternatively used for the
lifetime of an FBG strain sensor to express its reliable function for the intended use under
defined operating conditions.

The service life is determined by a number of optical, mechanical and environmental influences.

— Optical influences: regardless of any pretreatment prior to UV excitation of the optical fibre,
some thermal decay of the grating occurs over time, even at room temperature. The extent
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to which this decay occurs depends on the fibre and grating type, whereas all grating types
written in non-hydrogenated fibre are stable at room temperature over many years. The
presence of hydrogen may lead to an increase of the optical loss in the FBG and reduce the
optical transmissivity. One approach to stabilize the grating, called accelerated ageing, is
to pre-anneal the grating at a temperature that exceeds the anticipated serviceable
temperature of the grating strain sensor.

— Mechanical influences: these can be divided into two main categories:

a) intrinsic cause, determined by the glass strength in the elastic region (without
considering any flaws or defects);

) extrinsic causes initiated hy damagpq (‘Iuring the mannfa(‘furing pracess of the fibre

(flaws, micro cracks on the surface) or during preparation for use as strain sensors
(mechanical damaging of surface protecting layers).

— Environmental influences: these can lead to attacks during storage and operation,| for
bxample by aggressive media, UV radiation, temperature shocks that can act.as sources of
stress fracture, breaking the material bonds and causing failure of the FBG)strain sensor.

Forlan FBG strain sensor use, manufacturers set in their specifications\limits in strain [and
physical loading to exclude damaging mechanical influences — and thus'to ensure the expec¢ted
FBG@ service life.

In ofder to ensure the expected service life without getting early failure (infant mortality) duge to
physical defects that influence the mechanical performancefthe FBG strain sensor should be
proof tested by using mechanical test methods to weed out large flaws.

If allifetime (quantified in days, months, years) of ant FBG under a constant or varying seryice
streps under well-defined environmental conditions is to be estimated, accelerated ageging
expgeriments are required to evaluate the long-term grating reliability and/or the fatijgue
behpviour accurately. However, it is not possible to quantify the expected lifetime exgctly
bechuse of its probabilistic nature due to statistically distributed defects.

7.13.2 Measuring procedure

In grder to avoid infant mortality '@f-FBG strain sensor samples, proof tests should be applied
accprding to IEC 60793-1-30.

In order to estimate the lifetime of an FBG strain sensor, static and/or dynamic strength tests
accprding to IEC 60793:1-31 or IEC 60793-1-33, depending on the intended use, should be
made.

Deslign of theytesting machines, samples preparation and strain rates are proposed| by
IEC|60793-1=30, |IEC 60793-1-31 and IEC 60793-1-33. In case of an intended axial ter|sile
loading of:an FBG, the tensile strength of FBG strain sensor samples should be apgplied
accprding)to IEC 60793-1-31 to get statistical data on fibre strength. In order to estimate|the
failyreprobability (or survival probability) for FBG under complex loading condition, dyngmic
and static tests according to TEC60793-1-33 shoufdbe apptied. These tests provide values of
the stress corrosion parameter n used for reliability and lifetime calculations in IEC TR 62048.

7.13.3 Evaluation

Testing results should be evaluated by means of statistical quality control distribution methods.
In literature, two approaches have emerged for analysing and predicting grating decay using
accelerated ageing data: the ageing curve and the power-law approaches. Both are based on
similar physical principles, using probabilistic methods.

The power-law approach for empirically derived crack growth is considered the most reasonable
experimental procedure to represent the fatigue behaviour. The expected lifetime is expressed
in terms of measurable parameters. The measuring procedures are based on static and/or
dynamic fatigue tests described in IEC TR 62048 developed for optical glass fibres in
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telecommunication. Because the strength values in glass fibre Bragg gratings are statistically
distributed, a two-parameter Weibull probability distribution is preferably used to describe the
survival (or failure) behaviour of the FBG strain sensors. IEC TR 62048 describes how the
parameters n and B are obtained from the fatigue testing results. The service lifetime or service
failure rate can then be calculated from the determined failure probability or survival probability.

From Weibull’s empirical law, the flaw distribution is given by the equation:

Iog(ln;w = nlog(L\ (21)
C (o)) W)

F(c) is the cumulative failure probability and is defined as the probability of breakage beglow
stress level o; therefore, 1 — F(o) is the probability of survival. For a group of Nsamples,|the
cumulative probability of failure is calculated by F = (i — 0,5)/N, where i = 1, 2, 3,"... N. Equation
(21) represents the coordinates of the axes of the Weibull curve. The slope ofithe€ curve is cglled
the Weibull shape parameter n, which represents the sharpness of the distribution and is used

in lifetime models of optical fibres. Using these parameters, the lifetimie can be calculated
depgending on the applied testing method for various stress levelsqo”as a function of faijure
probbability F (see IEC TR 62048).

7.13.4 Reporting

For|proof tested FBG strain sensors, the maximum stress_or strain for which the sensor works
religbly shall be stated.

If lifetime was calculated/estimated, the applied testing method (proof testing, static or dyngmic
fatigue testing) should be reported. The mechanical load limits ensuring the expected lifefime
shal|l be specified. Lifetime can be stated for-defined mechanical and environmental conditipns.

8 |[Recommendations for use of FBG measuring instruments

In drder to characterize FBG sirain sensors, measuring devices shall be employed that|will
determine the variation in the!Bragg wavelength with sufficiently high accuracy. Demandg on
the [accuracy of measuring.devices depend on demands on the quality standard by the FBG
strajn sensor type. In this respect, a distinction shall be made between highly sophisticated jand
lesq sophisticated devices (e.g. based on tuneable laser and optical filter, using optical
speftrum analyzeroptical wavelength and power meter). Devices shall be calibrated according
to the manufacturer’s instructions, to other recognized suitable calibration methods, of to
appropriate calibration methods proposed by IEC 62129-1, IEC 62129-2 or IEC-TFS 6212p-3.
Thelstability; linearity, sampling rate of the spectrum and SNR of the measurement device ghall
be ¢f adeguate high performance.

In chse’of suspected polarization effects, it is recommended to verify these polarization effgcts
by using polarization measuring equipment.

For a better assessment of applied FBG strain sensors (see also Annex D) or any FBG strain
sensor configuration according to 5.2, an optical measurement unit should indicate or record
the complete spectrum of the reflection or transmission signal. From this data, the Bragg
wavelength, the reflectivity and the spectral width (see 7.2 through 7.4) may then be
determined. The spectral resolution of the measurement unit is of particular significance. It is
affected by the spectral width of the light source (e.g. for a laser, FWHM) or by the spectral
resolution of the monochromatic device.

In order to be able to compare measuring results of different measuring devices, information
about the sampling and calculation method used should be available.
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Annex A
(irformative normative)

Further properties of FBG strain sensors

General

In this document, all the essential characteristics and features relevant to metrological practice
have been taken into account. The user has therefore been given the opportunity, for proper
installation, to reliably operate the measuring site and to evaluate results correctly.

In addition, there are further properties of sensors that shall be considered for partic
parameters and under special conditions. These include:

The

vavelength drift;

Creep;

c (&)

k (T);

he effect of nuclear radiation;
JV resistance;

resistance to micro-biological and chemical attacks.

manufacturer of the fibres shall exclude drift processes. For appropriately produced F

driff processes are of minor importance. They «€an simply be detected by a zero p
megsurement at an elevated temperature.

The
con
the

that

optical signal of the fibre Bragg grating<€an be influenced by mechanical effects on
hecting leads. Thus, for embedment, orfor situations where large transverse forces ac
fibres, polarization effects may occur: Polarization effects lead to zero point displacemé
become significant for the zero point related measurement of small strains.

Specific application conditions™fer FBG strain sensors, for example embedment of the H

stral
due
spe

in sensor into orthotropje’¢composite structures, can lead to perturbation of the FBG spe
to transverse pressure‘influences. Such perturbations have to be avoided by, for exam
Cial design of the sénsor coating. If this is not possible, the amount of perturbation ha

be ¢stimated, considéred and evaluated.

Ino
use

A.2

rder to decide;'whether a strain transducer is applicable under specific situations, the ep
H and theleoating material should be noted.

Extended explanation of FBG side-lobes for different conditions of use

ular

BG,
oint
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t on
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ctra
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oxy

Side-lobes shall be considered for two different conditions:

a)

b)

for a single FBG used as sensor, where it can be assumed that the wavelength of

the

fundamental peak is calculated as the arithmetic mean between the two points, 3 dB down

from the maximum power (see Figure 1), and

for an array of FBGs, where each peak can be at a very different power level, with some

fundamental peaks from one FBG below the level of side modes on other FBGs.

Condition 1: Single FBG strain sensor

Side-lobes can be defined as any feature of the FBG reflection spectrum (see Figure A.1) that

a)

resides outside of the spectral domain comprised by the fundamental FBG peak,
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b) exhibits downward concavity, and
c) exhibits a two-sided threshold crossing at a defined width level in dB (see 3.10) below that

local spectral maximum.
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Figure A.1 — Side-lobes in the case of a single FBG strain sensor

Condition 2: FBG as a part of an FBG strain sensor-atray

ntal

more complex spectrum of serially multiplexed FBGs, ambiguity between fundam
to

In g

peaks and side-lobes of similar spectral infensity (see Figure A.2) shall be eliminate
defipitively distinguish between desired (fundamental peaks) from undesired (side-lobes].
the generic case of multiple complex peaks at varying levels of attenuation, a clear definition of
"spectral peak" is necessary to understand the difference between the fundamental and sjde-

lobg peaks.
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Figure A.2 — Fundamental peaks and detected side-lobe peaks
in the case of serially multiplexed FBGs

bctral peak" (see Figure A.3) is defined as,any feature of the FBG reflection spectrum t

exhibits downward concavity, and

bxhibits a two-sided threshold cte$sing at a defined width level in dB below that |
spectral maximum.
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Figure A.3 — Spectral peaks in the case of serially multiplexed FBGs
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The desired fundamental peak can be discriminated from the undesired side-lobe peaks by
addition of a second parameter, the width level (see 3.10). This parameter is used to set the
width requirement for the fundamental peak identification in conjunction with the width level
parameter described above. For a given pair of parameters, only spectral features with a
bandwidth evaluated at a level of "width level" down from the peak of a value greater than the
width will be considered to be a peak. Figure A.4 gives an example, assuming width level and
width values of 3 dB and 0,1 nm, respectively. A sensor feature will only be identified as a
fundamental peak if the width of the signal at 3 dB below the local spectral maximum exceeds
0,1 nm. These parameter values will identify as fundamental peak spectral features with 3 dB
bandwidths of 0,240 nm, for example, but identify as side-lobes spectral features that might

have 3 dB bandwidths of 0,04 nm, 0,05 nm, or 0,06 nm.
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Figure A.4 — Parameters to.identify fundamental peaks and side-lobes

Using these defined parametersa system can identify fundamental peaks at power levels equal
to of lower than that of side-lobés from adjacent FBG (see Figure A.5).
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Annex B
(informative)

Blank detail specification

B.1 General

020

The blank detail specification aims to assist the manufacturer in the choice of necessary and
practical statements, and assist the user in the comparison of FBG strain sensors from different

ma
ma

rela

B.2l Mechanical setup of the FBG strain sensor

w
(%)

be made. With reference to this document, an FBG strain sensor and, if appropriate,

;lufacturers. Pertinent to the sensor model concerned and the application, further statemsd
ed measuring equipment-shall should be described by the following parameters:

construction details and geometrical dimensions (6.1);
configuration of FBG strain sensor (5.2 and 6.2);

connecting requirements, for example connector type, patchcord length, patchcord ty
minimum bend radius (6.4);

Hiameter of the sensor fibre (cladding diameter);

Hiameter of the fibre coating;

coating material type;

bonding materials, for example proposed glues for surface gluing;

jauge length in mm (5.4);

ree fibre length in mm if different from_gatige length (see Figure 4 in 5.2);
listance of the fixing points (optional)in mm;

mass in g or kg;

position of the FBG in the fibre (markers on fibre) and accuracy information of th
markers;

bigenfrequency of a strain*transducer.

Operational-characteristics of the FBG strain sensor

Bragg wavelength ig (7.2);
-BG straindsensitivity (7.5);
paugesfactor k (7.6);

ibte type of FBG;

bnts
the

pe,

ese

ibre type of lead in fibre (losSes due to, €.g., core diameier mismatch);
temperature-induced strain of the FBG strain sensor (7.12) in pm/m/K;
FBG spectral width (7.3) in nm;

FBG reflectivity (7.4) in % or dB;

maximum insertion loss in case of FGB strain sensor array in dB;
side-lobe suppression in dB;

signal-to-noise ratio with attendant spectral distance (3.12) in dB;
index profile (e.g. apodization);

recommended storage conditions of unused sensors, for example humidity, temperat
UV-radiation;

environmental conditions for which the characteristics are specified;

ure,
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— pre-strain in um/m if the fibre sensor is pre-strained in case it is used with a strain transducer
or a patch;

— hysteresis for strain transducers (5.7.3);
— linearity for strain sensors with very high accuracy requirements.

B.4 Limiting parameters of the FBG strain sensor

— maximum strain range (7.7) in pm/m

e for strain in positive direction;

p  for strain in negative direction;

— fmaximum number of load cycles for given oscillation amplitude and frequgncy
fatigue behaviour) (7.8);

— Minimum operating radius of curvature (7.9);
— |ifetime at 10 000 pm/m strain;
— |ifetime at 30 000 pm/m strain;

B.5| Temperature data of the FBG strain sensor

— ptorage temperature range in °C;
— [|nstallation temperature range in °C;
— pperation temperature range in °C.

B.6| Further information of the FBG strain sensor given upon request

— practical hints for applications (reference to handling regulations);
— gensor rigidity in the direction of meastrement for defined geometrical dimensions;
— permitted relative humidity in % at ambient temperature;

— Jield strength at a specific temperature in N/m2.

o
N

Key performance data of the FBG measuring instrument

— pasic operating principle (e.g. swept laser, spectrometer, filter);

— method of peak etermination (e.g. spectral fit, maximum/minimum value, interpolafion,
mean of 3 dB values, false peak detection);

— stability of the Bragg wavelength measurement (instrument stability);
— fepeatability of the Bragg wavelength measurement;

— fecommended FBG type such as profile of FBG strain sensor (e.g. apodized), fibre type,
cote diameter;

- ragg wavelength measurement range;

— range of FBG peak detection;

— sampling rate in samples per second,;

— maximum number of sensors per channel/per instrument;
— Bragg peak shift resolution in pm;

— dynamic range in dB;

— available optical power budget;

— minimum detectable FBG signal-to-noise ratio;

— required/suggested calibration interval;

— number of channels;
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simultaneous measurement or time delay between sensors on one fibre and the sensors at
different channels;

operating conditions (e.g. temperature range and humidity range, vibration and mechanical
shocks, altitude);

power consumption;

power supply (e.g. 12 VDC, 110/230 VAC);

special needs for power supply (grounding, stability of source);
size and weight of the instrument;

4 £
meTrractc,

Helivered/recommended DAQ software;

D
~

lexibility of DAQ software (open source, DLL for individual programming, unchangeabl
bvailability of the characteristic FBG spectrum according to Figure 1;

connector type/fibre type used in the instrument;

nformation about the light source (maximum power and spectral charaeteristics);

aser safety instructions (under regular operation and under fibre, break conditions);
ifetime (of instrument/light source);

ecommended service interval,

Hocumentation about performance tests/calibration.
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Annex C
(informative)

Polarization effects

It-shall should also be considered that optical spectrum analyzers can have polarization induced
uncertainties that degrade the accuracy of absolute wavelength and power measurements to
levels that may make them unsuitable for FBG strain sensor measurements. These
uncertainties result from unavoidable two-dimentional asymmetry of bulk-optic diffraction
gratings and other optical components used in their construction. Measurement of polarization-
indyced uncertainty parameters (including Bragg wavelength, spectral width and\KFBG
refl¢ctivity) may be determined by repeating the basic spectral measurement at least 10 fimes.
Dur|ng each individual spectral scan, the measurement system used should be of\the same
typg to ensure that the polarization state of the launched laser-should-remain remains constant.

There are two options: a) a fixed number of states of polarization covering. uriformly the| full
Poimcaré sphere can be chosen for each of the 10 separate measurements;.b) it is also comimon
to {[se randomly selected states of polarization of the laser. For thé most usual techrfical
reqlirements, the influence of polarization effects can be consideréd by indication of|the
senpors’ repeatability. If motion or relocation of leading cables is\expected, the influencg of
polgrization changes has to be considered. In this case, integration of a depolarizer into[the
optifal path is recommended. If measurement uncertainties due/to polarization effects capnot
be accepted, polarization-maintaining optical fibres have tp ‘he’used.

NOTE A feature of most modern polarization controllers is to provide random polarization states.



https://iecnorm.com/api/?name=d9fe5b5cdf1998bbe3389f446bdb6c84

D.1

- 52 - IEC 61757-1-1:2020 RLV © IEC 2020

Annex D
(informative)

Applied FBG strain sensors

General

All clauses of this document specifying FBG strain sensors refer to unapplied sensors. If FBG
strain sensors are applied to an object of measurement, the influence of the measuring object

has

The
to 4
sen

strajn sensor-has should, therefore,—te follow the estimation used similarly 'in 7.12 for

conm

Additionally, operational influences from static, dynamic or Jonhg-term loading ur
ronmental influences and following changes in the wavelength\response after installation

env
hav

on the strain response at different vibration frequencies have’to-be revealed and considersg

App
spe

D.2

It is
the

For
a pi
whi
fixin
FBC
pos
cas
sho

portion of thelongation.

For
anc

to be considered for every type of applied FBG strain sensor.

test specimen or a measuring object with different coefficients of thermalcexpansio
5or and specimen materials. Determination of the resulting gauge factor of thé applied R

plex structure of a strain gauge.

b to be considered. If FBG strain sensors are subject to mechanical vibrations, influen

lication of FBG strain sensors is covered by a separate standard and/or industry-se
cific guidelines.

Recommended bonding process

important that the manufacturer recommends a bonding process including preparatio
area of adhesion and relevant materials (e.g. glue material).

Bragg grating fibres, the gaugé.length depends on the application. If users want to ach
e-determined gauge length)\they-shaHl should be very careful in selecting the procedurg
th the sensor is anchored/attached/embedded. In case of continuously-fixed sensors,
g length-shal should exceed the defined gauge length by a few tens of fibre diamete
b with a well-known ‘position on the fibre (or at least twice the accuracy of the FBG ma
tion for imprecise~marked FBG) to avoid shear-lag problems at the edges. In the spe
b of fracture o cracks within the gauge length of the sample, the final gauge length-s
ild be calculated from the gauge length at fracture by subtracting from the latter the el

FBG strain sensors with discontinuous structural contact according to 5.2, the typ
hofing points, the anchor diameter and/or dimensions, the epoxy to be used for fixing

temperature-induced strain of an FBG strain sensor significantly changes after application

h of
FBG
the

der

ces
d.

ctor

eve
e by
the
for
rker
Cific
thall
stic

of
as

1”2

wel

as the Ir\neifirm of EBG inside the strain transducer-shall should he recommended hy

the

manufacturer. Possible transversal effects to the FBG elements-shall should be excluded; long-
term stable protection of the fibre, for example against UV influence, has to be considered.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC SENSORS -

Part 1-1: Strain measurement —
Strain sensors based on fibre Bragg gratings

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote‘internat
-operation on all questions concerning standardization in the electrical and electronic fields:\Fo this end

im addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Rublication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt]
ay participate in this preparatory work. International, governmental and non-goverpinental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with the dnternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express, asynearly as possible, an internat
donsensus of opinion on the relevant subjects since each technical committee has representation frof
interested IEC National Committees.

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made.ifo ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible for’ the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC National* Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their national and regional publications. Any divergence bet
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |4

IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confo
Isessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of thel publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

= o 0 5 Z T

Attention is drawn_to-the possibility that some of the elements of this IEC Publication may be the subject of p
rlghts. IEC shall:aot be held responsible for identifying any or all such patent rights.

Intefnational_ Standard IEC 61757-1-1 has been prepared by subcommittee SC 86C: Fibre

sing
onal
and
orts,
[heir
with
sing
h for
hs.

onal
h all

onal
IEC
any

ions
veen
tter.

mity
any

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts| and

e or
and
IEC

hs is

htent

ptic

constitutes a technical revision.

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

a) update of cited standards;

b) clarification of definitions and test specifications.
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text of this International Standard is based on the following documents:

FDIS Report on voting
86C/1642/FDIS 86C/1650/RVD

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 lis
can

The
stal

e feconfirmed,
e Withdrawn,
e feplaced by a revised edition, or

e amended.

be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until

t of all parts in the IEC 61757 series, published under the general title Fibre optic sénsprs,

the

ility date indicated on the IEC website under "http://webstore.iec.ch” in the.data related to
the specific document. At this date, the document will be

th
of

IMPORTANT - The 'colour inside' logo on the.cover page of this publication indicatf
t it contains colours which are considered-to be useful for the correct understanding

its contents. Users should therefore pfint this document using a colour printer.

es
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INTRODUCTION

The IEC 61757 series is published with the following logic: the sub-parts are numbered as
IEC 61757-M-T, where M denotes the measure and T, the technology.
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FIBRE OPTIC SENSORS -

Part 1-1: Strain measurement —
Strain sensors based on fibre Bragg gratings

Scope

part of IEC 61757 defines detail specifications for fibre optic sensors using one or.more

fibor¢ Bragg gratings (FBG) as the sensitive element for strain measurements:).Generic

spe

cifications for fibre optic sensors are defined in IEC 61757.

Thig document specifies the most important features and characteristics of a fibre optic se

for

pro
cha
the

edures for their determination. Furthermore, it specifies basic performance parameters

FBG. This document refers to the measurement of static and,dyfnamic strain values

range of frequencies.

A blank detail specification is provided in Annex B.

2

The
con
For
ame

IEC
WW\

IEC

IEC

IEC
clas

IEC
test

Normative references

stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including
ndments) applies.

60050 (all parts), |International Electrotechnical Vocabulary (available
v.electropedia.org)

60068-2 (all parts), Environmental testing — Part 2: Tests

60793-2, Optical fibres — Part 2: Product specifications — General

s B singlé<mode fibres

61300=2 (all parts), Fibre optic interconnecting devices and passive components — B
and’ measurement procedures — Part 2: Tests

nsor

strain measurements, based on use of an FBG as the sensitive element; and defines|the

and

racteristics of the corresponding measuring instrument to read out the optical signal from

na

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

ies.
any

at

60793-2-50,.0Optical fibres — Part 2-50: Product specifications — Sectional specification for

asic

IEC 61754 (all parts), Fibre optic interconnecting devices and passive components — Fibre optic
connector interfaces

IEC

IEC

61757, Fibre optic sensors — Generic specification

TR 61931, Fibre optic — Terminology

IEC 62129-1, Calibration of wavelength/optical frequency measurement instruments — Part 1:
Optical spectrum analyzers

IEC 62129-2, Calibration of wavelength/optical frequency measurement instruments — Part 2:
Michelson interferometer single wavelength meters
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IEC 62129-3, Calibration of wavelength/optical frequency measurement instruments — Part 3:
Optical frequency meters internally referenced to a frequency comb

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

3

NOT]
not g

Terms and definitions

and IEC maintain terminological databases for use in standardization at the falioy
fesses:

SO Online browsing platform: available at https://www.iso.org/obp

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

FE Long period gratings, non-uniform gratings, angled gratings, and FBG in polarization maintaining fibrg
onsidered.

3.1

FB

pha
cate
tran|

Note]
diffe

Note

3.2
FB(
dev
mea

Note]

3.3

ﬁb:E Bragg grating

e diffraction grating integrated in optical single-made silica-based fibres, accordin
gory B of IEC 60793-2-50, to selectively reflect avery narrow range of wavelengths W
smitting others

1 to entry: To achieve this characteristic, periodically spaced zones in the fibre core are altered to
ent refractive indexes slightly higher than the core:

2 to entry: This note applies to the French language only.

b strain sensor
ce that uses one or more fibre Bragg gratings (3.1) as a sensitive element for sf
surements

1 to entry: Different canfigurations are possible (see 5.2).

Bra
}“Bre

wavelength(of the FBG (3.1), generally corresponding to the Bragg reflection peak

tra

Note] 1"t0”entry: |If referred to as an FBG strain sensor (see 3.2), it refers to the configuration prior to its installg

g wavelength

mission minimum, without applied strain under reference ambient conditions

ving

are

) to
hile

nave

rain

or

tion.

Note

2 to entry: g is the wavelength of the FBG strain sensor indicated by the manufacturer without any fu

mechanical and ambient specification.

3.4

reference wavelength

Ao

rther

wavelength response of an FBG after installation or at the beginning of measurement to the

affe

cting loading and ambient conditions
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3.5

FBG reflectivity

Repg

ratio of the incident optical power P to the reflected optical power P,g at Bragg wavelength ig
in a defined spectral window

Note 1 to entry: The power transmitted to the FBG strain sensor is less than the incident (input) optical power due
to losses in the fibre at the connector and even in the grating. The definition of the FBG reflectivity should therefore
use the incident optical power P, (see the equations in 7.4.2) that represents the measurable part at the connector

of a fibre optic sensor.

Note| 2 to entry: P, depends on the measurement device and has no absolute characteristic value. From the, uper’s

poin{ of view, the reflectivity is important if operational or installation conditions exist that influence the, refleftive
charfcteristic.

3.6
trarjsmission loss of an FBG sensor
losq of power of the transmitted optical signal passing along the optical fibre,the fibre Bragg
grafing and the components to connect an FBG strain sensor outside the KBG spectrum

Note] 1 to entry: When considering transmission loss in an FBG sensor configuration, -all parts that contribute tp the
reduftion of power, for example transmission losses due to joining and connecting.techniques, have to be considgred.
The {fransmission spectra of the grating can show a reduction of the grating transmissivity due to influences on grating
perfgrmance. Such propagation losses in the grating should be considered sgeparately. The entry only appli¢s to
wavglength multiplexed FBG strain sensors double-ended for in-series connection.

3.7
FBG spectral width

full width at half maximum (FWHM) of the reflection ‘peak or transmission minimum at Bragg
wavelength

Notel 1 to entry: The FWHM of an FBG spectrum is the“wavelength range of the spectrum over which the ampljtude
is greater than 50 % (3 dB) of its reflectance maximum value at /5 (see Figure 1).

Note] 2 to entry: This note applies to the Frernch’language only.
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Wavelength (nm)

1 543,75 1 545,00 1 546,25
-30 =
| |
L
3dB
J
|
—40 (= (2)
ﬂ = (3)
-50
E H’:l
4
% FWHM - |
= —
g —-60 Bragg wavelength }'
5]
E y
IEC
Key
(1) difference in intensity between Bragg peak and largest sideslobe (called "relative side-lobe level")
(2) recorded spectral distance (see 3.12) from the maximumvalue of one or both sides of the Bragg wavelgngth
(3) FBG signal-to-noise ratio SNRg; for (2)
Figure 1 — Characteristics of the Bragg grating reflectance spectrum
3.8
sidI-Iobes
refl@ction peaks on each side ofithe Bragg wavelength peak ig

Note| 1 to entry: Side-lobes are also called "side modes".
Notel 2 to entry: Side-lobes:shall be considered according to conditions of use (see Figure 1 and Clause A.2).

Note| 3 to entry: To_describe the transmission characteristics, the following features should be reported:
— maximum attenuation of the transmission spectrum due to parasitic optic effects (in dB);

- [naximum(attenuation of the transmission spectrum within the wavelength range /5 + 1 nm.

Note| 4 tolentry: The quality of the wanted signal is expressed by the signal-to-noise ratio (SNR). The wavelgngth
rangpseperted can deviate from those usually related to the SNR. In this case, it shall be explicitly reported.

3.9

relative side-lobe level

ratio of the maximum value of the amplitude of the specified field component in a side-lobe to
the maximum value in a reference lobe

Note 1 to entry: The reference lobe of an FBG is the peak power at the Bragg wavelength i5; peak power of the
largest side-lobe in the FBG spectrum is the related field component (see Figure 1).

Note 2 to entry: Relative side-lobe level is usually expressed in decibels.

Note 3 to entry: Some manufacturers indicate this term as side-lobe suppression ratio (SLSR).
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3.10

width level
relative amplitude difference between a local maximum and a specified amplitude, at which a
spectral feature is evaluated for a two-sided threshold crossing for purposes of defining that
local maximum as either a fundamental peak or as a side-lobe

Note

Note

1 to entry: The width level is applied as an evaluative relative threshold to a local maximum.

2 to entry: Width level is expressed in decibels.

3.1

pear\—wiu'th
widih over which a local maximum exhibits a two-sided spectrum crossing over a thres

defi

Note]
will b
as 3

Note
fund
than

Note]
trans
puls
the

Supp

Note]

3.17
FB(
SNR

ratip of the maximum amplitude of the Bragg wavelength peak to that of the coexistent s

lobe

Note

dep¢g
geng
impQ

Note]

rangg.

Note]

Note]

020

hed by the width level parameter

1 to entry: The quantity FBG spectral width is defined as the spectral width of the FBG fundamental mods
e equal to or greater than the peak detection algorithm’s peak width requirement when the width level is de
dB.

2 to entry: The peak width requirement is applied in conjunction with the width level parameter to disting
bmental peaks from side-lobes in an array spectrum where side-modes may be at_an absolute amplitude h
adjacent fundamental peaks.

3 to entry: When several sensors are used in a Bragg grating array, special attention shall be paid t
mission characteristic. If wavelength multiplexing is used, unintentiopal signal-crosstalk of the Bragg gr
s is possible. The Bragg grating wavelengths shall be designed with, asufficient distance of the Bragg pea
hvailable spectrum to avoid overlapping of the Bragg wavelength. Parasitic reflexions, if relevant, sha

ressed.

4 to entry: Peak width is expressed in nanometres.
b signal-to-noise ratio

FBG

amplitude at a wavelength distance of 1 nm under unloaded conditions

1to entry: SNRggs shall not be confused with the side-lobes of an FBG caused by the inscription procesq

nding on the grating number, grating distance A and the change in the refractive index of the FBG. Noi
rated by the measurement device; side-lobes are generated during inscription of the grating and have
rtance for the use of an FBG,a$ strain sensor (see Figure 1 and 3.7).

2 to entry: The value:d~nm" is still valid even if the central wavelength of an FBG is extended to the vi

P

3 to entry: FBG signal-to-noise ratio is expressed in decibels.

4 to entry:~This note applies to the French language only.

nold

and
ined

uish
gher

the
hting
ks in
| be

ide-

and
e is
jreat

sible

equation
AL
Z = (1 - p)Ag
Note 1 to entry: FBG strain sensitivity describes the response of an FBG to uniaxial strain deformation A¢ o

the

f the

grating area. The strain response is represented by the photo-elastic coefficient p. For practical use, the gauge factor
k is introduced as a linear approximate for (1 - p). In this case, the sensitivity can be considered as a linear function
for a uniformly non-integrated stretched grating area (see 7.6), i.e. only the optical fibre and coating are deformed.

Note

2 to entry: Frequently, this term is defined, for practical reasons, as the peak shift (A2 in nm) over the
introduced strain change (Ae in um/m) related to a specified reference wavelength 2.
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3 to entry: Strain sensitivity can be superimposed by temperature-induced deformation of the optical fibre.

4 to entry: If the strain sensitivity gets a non-linear characteristic because of the set-up of for example a s
ducer, higher order terms may be used. The calibration function and the parameters have to be defined.

3.14
gauge factor

k

train

ratio of the relative change in wavelength AA/l; to a mechanical strain Ae introduced to an FBG
strain sensor and expressed by the dimensionless gauge factor £ measured by the manufacturer

Note

Note
vary
FBG
fibre

Note]
mea
systg
strai

3.1¢

gauge length

A
PR
Ae

1 to entry: The gauge factor k is used by manufacturers to express the strain response of their products|

2 to entry: The gauge factor £ considers all influences of the FBG strain sensor on the strain sensitivity. |
with the selected structural form of the strain sensor (e.g. Bragg grating fibre with Special protecting lay
strain gauge) and therefore has to be distinguished from the strain sensitivity of the Bragg grating in the of
(see 3.13).

3 to entry: The gauge factor k for an FBG strain sensor assumes a linear characteristic. Considering the w
urement system (sensor, device, cabling), it can be separately defined for'the components of the measure
m. It is only valid for defined conditions. In the case of a non-linear characteristic (e.g. by creeping effect i
h transfer), the gauge factor & is considered as linear within a defined permissible error.

can
Br or
tical

hole
ment
h the

the

length within which a strain will cause a change inthe measured value of the FBG strain sefpsor
Notel 1 to entry: The gauge length depends on the EBG’strain sensor configuration (see 5.2).

3.1

minimum operating radius of curvature

minjmum radius that an FBG may be bent without change of the specified performgnce
parameters

3.17

strgin range

<FBG sensor> maximum strain range that the FBG can measure when excited according to

stat|

Note

ed mechanical€aonditions without change of the specified performance parameters

1 to entry: {_Fhis could include axial tensile strain and compression.

ified

Notel 2 to entry.” Outside the strain range, the FBG strain sensor may not be physically damaged, but the speq
measurement performance may be affected.

3.18

FBG period

A

distance between the periodically varying refractive index zones (grating planes) in the fibre

and

Note

expressed by A
1 to entry: The FBG period defines the Bragg wavelength (see 3.3) by the equation
A tBx8
2 X ngt
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3.19

fatigue behaviour

change in sensor properties as a result of permanent (long-lasting) alternating stress or
permanent stress under reference ambient conditions

Note 1 to entry: The relevant sensor properties specifying fatigue behaviour are the zero point displacement
(see 3.20) and the change in the reflection spectrum of the FBG strain sensor as a function of the number of load
cycles.

3.20
zero point

H 't' ] 1 £ 4 1 4 bialk.
Inl I ' vamutc Ul A 1T1TCdadour eiIiTeTit belc W witivintT a

L _£foll H % 1 £
L IUIIUVVIIIH MMICAaour TITITIit vadiuTo Aartc |U|U||Uj

Note| 1 to entry: The zero point is also called null set.

Notel 2 to entry: The zero point shall be recorded for all types of measurements (static, dynamic). In)case of off-line
measurements, where recording devices are switched-off or disconnected, continued measurement shall be refefable
to the zero point.

3.21
temperature influence on an FBG strain sensor
chapge in Bragg wavelength (3.3) of an FBG strain sensor subject to\thermal excitation only

Notel 1 to entry: The temperature-induced strain is observed as an apparent strain.

Note| 2 to entry: The term "temperature sensitivity" is not used because”it refers to temperature measurement,
whelleas the characteristic considered here is related to the "temperature: compensation” of the signal.

3.23
birgfringence
optical property of an optically anisotropic material having orientation-dependent refradtive
indices that leads to different propagation velocities of light in different propagation directigns

Notel 1 to entry: Birefringence is a property of optical materials.

Note]2 to entry: For fibre optic sensors,.the term "birefringence" is correctly used when optical fibres|with
bireffingent property are used, for example-PANDA and bow-tie fibres.

rization dependence
depgendence of the Bragg wavelength which occurs when transverse loading causes a fibre's
inally circular cross.section to become elliptical with the result of splitting the back-refle¢ted
Bragg spectra into two)unequally reflected or transmitted waves which produces a double peak

1 to entry= “Polarization dependence of the Bragg wavelength can also occur during the writing of the [fibre
Braglg grating\if-the writing laser is not correctly focused in the centre of the core but is instead focused on one|side
in the cladding. In this case, asymmetry in the refractive index of the glass due to asymmetry of the expose is created.

Note| 2\to/entry:
wav

Polarization dependence of Bragg wavelength can also lead to measurement uncertainty of Bragg
fathand FBG Teftectivity:

3.24

signal-crosstalk

wavelength influence when using spectrally adjacent sensors in the wavelength-multiplex
operation

4 Symbols

For the purposes of this document, the following symbols apply.

h thickness of the deformed object of measurement

I optical power intensity of the reference fibre

ref
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k gauge factor &

I, L length

L, original length of the object of measurement

Ly length of the object of measurement after deformation

Lg length of the free fibre inside a strain transducer

Lg length between the anchoring points of the FBG strain sensor to the object of
measurement (gauge length)

n refractive index of the waveguide

Nt effective refractive index of the Bragg grating (see 5.1)

De effective photo-elastic constant

P photo-elastic constant

Py incident optical power

Pig optical power of the FBG

Rekg reflectivity of the FBG

R ds reflectivity of the FBG reference fibre

s distance of the fibre sensor from the surface afthe object of measurement
SMRpgG signal-to-noise ratio of the FBG

T temperature

x mean value

x; ith measured value

X physical parameter (e.g. temperature, strain or pressure)

a thermal expansion coefficiént of the fibre material

Agm thermal expansion coefficient of the load-carrying material of the strain gauge

asy thermal expansion-coefficient of the test sample

AL AL = - g, FBG.peak wavelength shift under the given strain Ae

e strain (hereialways observed in the direction of the fibre axis)

€ strain applied to the test sample

Enlie temperature-induced strain (thermal output)

€oF flexural strain at the surface of the object of measurement

£0%s strain measured by7a2 g;\)plied FBG strain sensor (for bent objects of
meastementsee 7623

&p strain at the surface of a flexural beam

gp‘ strain of a flexural beam measured with an attached sensor of finite thickness

&g apparent strain

A0 reference wavelength

B Bragg wavelength

ABref Bragg wavelength under reference ambient conditions

A FBG period

& thermo-optical coefficient


https://iecnorm.com/api/?name=d9fe5b5cdf1998bbe3389f446bdb6c84

5

5.1

- 16 - IEC 61757-1-1:2020 © |IEC 2

logarithmic strain

Structures and characteristics

Fibre Bragg grating (FBG)

020

Fibre Bragg gratings are phase diffraction gratings inscribed into optical waveguides. They are

Acc
refr

peak is essentially determined by the number of grating periods and the magnitude of

refr

Acc
effe

temperature. The Bragg wavelength iz "changes (is "shifted") with changes in the FBG pe

A, G

The
the
dec

whereg

ical waveguide.

hges in the refractive index of the fibre core which is susceptible to these. The interfek,
ern is an image in the fibre core of a periodically changing refractive index. Incident
sported light along the fibre is additively superposed for a certain wavelength at these po

, this wavelength (denoted Bragg wavelength 1) is attenuated according to-FBG reflecti
re 2 including the subfigures a) to d) shows the principle of a fibre Bragg grating in

value of the reflected Bragg wavelength g is determined from the-Bragg condition:

g =2xngg XA

prding to Equation (1), the Bragg wavelength iglof the FBG depends on the effeq

hctive index modulation.

prding to Equation (1), the FBG is susceptible to changes in the FBG period and in
ctive refractive index, which may~éssentially be affected by changes in strain

r with changes in the effective refractive index ngg.

wavelength is shifted t6 higher values when the glass fibre grating is placed in tensio
temperature increases. The opposite process occurs for compression and a tempera
rease. These effects\on the quantities ng¢; and A are described in Equation (2):

A g 1 e 1 OA
}'B oX Neff oX A 00X

X

uce
nce
and
ints

structive interference); this spectral part of the incident light is reflected. In the\transmitted

ity.
an

(1)

tive

hctive index of the FBG and the FBG period A.he spectral width of the Bragg wavelenpgth

the

the
and
riod

n or
fure

(2)

is a physical parameter (e.g. temperature, strain, or pressure).
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a) FBG refractive index profile and build-up
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b) Incident light spectrum c) Reflected spectral part of the d) Transmitted spectral par{ of
incident light the incident light
Key
An | maximum refractive index modulation in the grating
n, refractive index of the fibre core
n, [refractive index of the cladding
ngy |effective refractive index of the grating
Figure 2 — Operation principle‘of a fibre Bragg grating in an optical waveguide
Fibre Bragg gratings are emplayed in strain measurements in such a way that only the changes
in sfrain along the fibre axis(and temperature changes are relevant (the effect of the temperature
inflyence as a perturbing term is treated in 7.12).
It follows that the general variation of the Bragg wavelength is given by:
on oA
Ng =2x| A= 4y = |xAL +
oL oL
(3)

2 et + g A )ar

N 0T

The first term in Equation (3) describes the effect resulting from the mechanical deformation
(0A/0L) and the elasto-optical reaction (dn/0L) of the optical waveguide. The second term in

Equ

ation (3) describes the temperature effect on the quantities ng¢ and A.

The term (0A/0T) describes the effect of the thermal expansion of the Bragg grating on the
grating period A. The thermal effect on the refractive index of the optical fibre, on the other
hand, is expressed by the term (9ng/97).

In practice, the effects of strain and temperature are approximately described by the linear

rela

tionship expressed in Equation (4):
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Nig (7)

P =(1—p€)g+(a+§)AT (4)

Customary FBG, which are subject to both thermal and mechanical variations, react to these
combined effects with a resultant change in the Bragg wavelength. The measured wavelength
change does not permit discrimination between the variations in strain or in temperature; special
measures are required to separate the two values (see 7.12).

Since each Bragg gratlng mtegrated as a sensor in a fibre can have its own resultant Bragg
: = . . several
tem erature or straln sensors may be |dent|f|ed and read out inan optlcal flbre Flgure 3 shaws
an gxample of sensor signals (Bragg wavelengths) from a sensor fibre with numerous sequential
arrgnged Bragg gratings (FBG array).

A

15
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5.
O.
54
-10

Optical power (dBm)

W

1 2
1495 1505 1515 1525 15835 1545 1555 1565 1575 1585 13595

Wavelength (nm)
IEC

o
-

Figure 3 — Example of a reflection spectrum of a fibre Bragg grating array

To |characterize the FBG, the following parameters shall be measured and repofted
(see Figure 1):

— |ength of the fibre Bragg-grating (FBG);

— Bragg wavelength in nm (see 3.3 and 7.2);

— feflectivity in % (see 3.5 and 7.4);

— FBG spectral width (FWHM) in nm (see 3.7 and 7.3);
— felative side-lobe level in dB (see 3.9).

Additional-chiaracteristics shall be reported upon request of the customer:

— Tfibretype according to category B of IEC 60793-2-50;

full spectrum;

material parameters of the cladding material;

operating temperature range (see 7.10);

stability under environmental influences;

type of inscription process (e.g. inscribed before coating, during drawing process, recoated,
inscribed through the coating);

signal-to-noise ratio in dB (see 3.12);

grating profile (e.g. uniform or apodized);

polarization induced uncertainty of Bragg wavelength in pm (see Annex C);

polarization induced uncertainty of FBG reflectivity in % (see Annex C);
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5.2

polarization induced uncertainty of FBG spectral width in pm (see Annex C);
distance between consecutive FBGs of an FBG array;

accuracy of the markers indicating the position of the FBG in the fibre;
pre-tensioning of the FBG strain sensor;

water resistance capability.

FBG strain sensor configuration

The FBG strain sensor can be made of various materials and with various forms:

bs a segment of optical fibre with one or more FBG strain sensor(s) (in the following deng¢ted
Bragg grating fibre). Several successively arranged FBG are also called an FBG array;

as an FBG strain sensor where the connecting fibres of the FBG element are(fixed to|the
bbject of measurement at anchoring surfaces/points of a defined distance (cemmonly cqlled
an extensometer or strain transducer);

as an FBG embedded in a protective material which constitutes a transition zone betwjeen
he sensor element and the object of measurement. The transitiomyzone is usually flgt or
blanar, commonly called an FBG strain gauge, a patch or a pad.

The| manufacturer should define the length used for the determifation of the gauge factor. In

cas

b of an extensometer or strain transducer (see Figure 4),)the gauge length is defined

between the two attachment points (Lg in Figure 4); however, in the set-up of many strain
tranfsducers, the fibre is glued to the anchors, which have a size of some millimetres or

cen
cali

5.3

imetres. The free fibre length L might be different from Lg; this leads to a problem in
bration. Users should know which length for calibration was used by the manufacturer.

FBG strain FBG temperature
Optical fibre sensor sensor

NN W

A

Protective tube
Anchoring
point B

Anchoring L
point A — F -

Lead in
fibre

IEC
Figure 4 — Gauge length between two attachment points

Measuring point and installation

The| ptecedure of bonding the FBG strain sensor to a structural component and its coupling to
a photonic device is called an FBG strain sensor installation. Independently of the particular
material and form, the FBG strain sensor is attached to or embedded in the object of
measurement in one of the following ways:

continuous structural contact: the FBG strain sensor and the object to be measured have
friction-locked bonding on a continuous surface; the FBG strain sensor is intended to
measure the averaged strain or one component of the strain experienced by the object at
the continuous surface;

discontinuous structural contact: the FBG strain sensor and the object to be measured have
friction-locked bonding at distinct anchoring surfaces/points (set of anchoring
surfaces/points) with a non-bonded gap in between; the FBG strain sensor is intended to
measure the averaged strain or one component of the strain experienced between the
anchoring surfaces/points.
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The connecting leads or cables exiting the FBG strain sensor shall be placed so that neither
the object of measurement is obstructed nor the measurement signal interfered with.

5.4 Gauge length

The gauge length is the length of an object of measurement over which the sensor gathers
information. In the case of a strain sensor, it is the length within which a strain will cause a
change in the measured value of the FBG strain sensor. The gauge length depends on the FBG
strain sensor configuration.

In ti
anc
between the two attachment points or sequence of points on the surface.

For|an FBG strain gauge, the gauge length is the length over which the applied straip is
avefaged, converted and measured. This gauge length is usually not the same as the fijbre
Bragg grating length.

5.5| Strain and reference strain

Thel| strain ¢, which is commonly quoted in strain metrology, isitiermed technical strain jand
desfribes the extension or contraction AL, referred to its original length Ly, of an objegt of

medsurement when subjected to a known mechanical or thetmal stress.

T (3)

When measuring consecutive deformations resulting from multiple loadings, diverse refergnce
sysfems may be required to calculate the\strain. The strain components are referred to|the
respective initial length of the object of;smeasurement established after previous loading. This
strajn value is designated the logarithniic or "true" strain ¢, and for small variations in strajin it
is approximately calculated as:

o= [T ©)

Thel FBG within\the FBG strain sensor registers the strain applied to the element via|the
profective codting, the supporting material or the bonding medium. The strain measured by|the
FBG@ strain sensor can be affected by the plastic/inelastic behaviour of such materials.

PNS.

5.6 Reference wavelength

Diverse evaluation methods and different devices result in different wavelengths being recorded
for the same filter function of the Bragg grating. In the context of this document, therefore, the
result of the wavelength measurement after installation of the FBG strain sensor with the
specified device will be denoted the reference wavelength /.

The reference wavelength does not necessarily have the same value as the Bragg wavelength
specified by the manufacturer of the FBG. Because of the very small difference between the
reference wavelength and the Bragg wavelength, either wavelength value may be used in the
following equations without introducing significant error.
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If the reference wavelength is measured when the measurement cycle is started, this
wavelength measurement can be considered as the zero point measurement value (see 3.20).

5.7 Stability behaviour
5.7.1 Drift and creep

Stability, in general, is the ability of a measurement system to maintain its metrological
characteristics and meet other specifications over the intended time of operation. Stability, in
the context of this document, describes the property of the applied FBG strain sensor to keep
its optical characteristics constant over a period of use determined by the objectives, or to show
only a small permissible deviation.

Var{ations in the measured value might occur:

— Wwhen the materials concerned are subject to long-term stress (creep);
— without loading stress (zero point drift).
Thig may be caused by the slow progress of chemical or physical/dégradation within|the

matgrials used (e.g. ageing), or by a change in the initial physical conditions (e.g. temperafure
or hjumidity).

Crepp is a quantity that depends on the materials employed{.the set-up of the sensor and|the
typg of operation, and can only be determined experimentally: According to current experiere,

the |error contribution as a consequence of creep remains irrelevant within the scope of|the
givgn uncertainty of measurement for the gauge factork, when the bonding material specified
by the manufacturer is used.

Driff is a slow change of the metrological characteristics of the measurement system. The (drift
errgr of an FBG strain sensor is negligibly small, according to the state of the art; hence for|this
document, no further specification is required. However, if drifts are generated by for examjple,
a mpdified production process or inadeguate recoating material, the drift should be stated.

5.7.2 Shape stability of the Bragg grating peak

For|correct operation, no significant variations in the shape of the spectral response should
occpr. The spectral response and stability of an FBG element depend on the manufactufring
pro¢ess and subsequent.treatment of the grating. During further processing of the FBG int¢ an
FBG@ strain gauge, orran'FBG strain sensor, variations can occur in the spectral response, which
may lead to deterioration of the required stability characteristics in consequence. A spectfum
is gcceptable when the side-lobe maxima are at least 5 dB below the main peak. [The
spegification gfithe FBG applies to the condition of the FBG strain sensor on delivery.

578 Hysteresis

Hys| 3 ) ) i
does not return to its original state, or does SO foIIowmg a tlme delay, once the input Ioad has
been removed. This means that the output value for an elasto-plastic deformation behaviour
does not depend only on the input value but also on rate-dependent processes.

When the strain (or temperature) changes, the silica-based FBG’s peak commonly shifts without
showing a hysteresis effect. Coatings of silica-based FGB strain sensors, or protective material
in which FBG strain sensors are embedded, constitute a transition zone between the sensor
element and the object of measurement (according to 5.2), which may cause hysteresis effects.
If hysteresis occurs for repeated or cyclic conditions within the specified operation strain range
of the sensor, the amount of hysteresis should be described.
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5.8 Test specimen

Here, flexural beams, plates or other objects are designated as test specimens upon which the
FBG strain sensors are installed in order to determine and verify their properties. The concept
"standard test specimen" is used in connection with calibration and testing. For the general
description of measuring procedures, the concept "object of measurement” is used.

5.9 Indication of the measured values

The variations in the Bragg wavelength induced in the FBG are scanned by a connected
measuring device (measured values) and processed for metrological use (result of
megsurement). It is customary for the measuring device to supply the optical input signa| for
the sensor and also to record the sensor response signal.

5.10 Zero point related measurement

The| concepts "zero point measurement" and static or quasi-static measurement, respectively,
denpte all measurements where the measured value refers to an initial value (the zero pgint,
see|3.20).

The| following influencing factors shall also be considered:

— grift in the measuring instrument;
— nethod of evaluation:

Jiverse evaluation methods (measuring devices) caf result in different offset quantities with
respect to the zero point. In case of replacement of the measuring device, the zero ppint
pffset between the old and the new instrument should be determined correspondingly;

— ¢reep of the applied sensor.
The|scanning procedure of the FBG strain<sensors shall take place in a route neutral manper,

so that the characteristics of the connecting leads and of the optical connectors or splices do
not pffect the zero point. Nevertheless{dntermittent zero point checking is recommended.

—

5.11 Non-zero point related measurement

For|non-zero point relatedor periodic dynamic measurement, the measured values are[not
referred to a fixed initial value. This only applies to the amplitude measurement of a peripdic
osclllation.

5.12 Production set

An FBG setsisf‘a batch of FBG produced in the same manufacturing process.

5.13 _FBG strain sensor standard type

An FBG sfrain sensor standard type Is a baich of FBG sirain sensors with identical physical
properties (geometrical dimensions, manufacturing process, materials used, post-processing,
Bragg wavelength).

5.14 FBG strain sensor series

A series is a batch of FBG strain sensors for which the materials used and the manufacturing
processes are identical, but which may show differences in their Bragg wavelength or
dimensions.
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6 Features and characteristics to be reported

6.1 Construction details and geometrical dimensions

The features to be quoted shall be referred to the appropriate sensor configuration according
to 5.2. The pertinent configuration shall be named.

The geometrical data for length, width, height and distance of the sensitive element from the
object of measurement, as well as the relevant dimensions for assembly, shall be reported by
the manufacturer.

6.2| Configuration of the FBG strain sensor

The| configuration of the FBG strain sensor according to 5.2 shall be reported by |the
manufacturer. If more than one configuration is reported, the features and  characterigtics
megsured according to Clause 7 shall be given for every configuration.

6.3| Temperature and humidity range

Thelmanufacturer shall report the temperature and humidity ranges, for 'storage, installation jand
opefation.

6.4| Connecting requirement

It shall be indicated whether or not the sensor is syupplied with an optical connector. (If a
conhector is used, the type shall be indicated according to IEC 61754 (all parts). The smallest
radius permitted for laying the connecting leads shall be stated. When the sensor is conne¢ted
to the leading cable, compatibility regarding the.diameter of the mode field shall be ensufed.
Splice losses occur through faulty matching. If there are splice losses, the producer shall inform
abopt the fibre parameters and this additien@al attenuation. If the FBG strain sensor carn be
operated from one side only, the manufacturer shall mark the side to be used for the connection.
Thig can be the case when FBG arrays-with a high reflectance are employed.

7 |Features and characteristics to be measured

7.1| Sampling and statistical evaluation
7.1/ Sampling
Thel|following sampling methods shall be used according to the intended scope of testing:

— fandom sampling;
— type testing;
— peties testing;

— Individual sample testing.

Many of the FBG strain sensor properties (see further properties of FBG strain sensors in
Annex A) can only be determined on an installed sensor. A statistical evaluation shall be
performed in this case. The number of sample sensors as well as the date of the evaluation
should be noted.

7.1.2 Random sampling

The requirement for performing random sampling is the assumption that the characteristic
follows a Gaussian distribution. All sensors chosen for characteristics testing shall belong to
the same production set. A significant number of samples (at least five) shall be selected. The
result of a random sampling test is valid for one production set.
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3 Type testing

The type test is a random sampling test as in 7.1.2. Here, the result of testing at least five
specimens of this type is declared valid for all production sets.

7.1.

4 Series testing

The series test is a random sampling test as in 7.1.2 whereby the result is determined for a
single specimen out of a sensor series and declared valid for the whole series.

The
arit
the

result of the series tests, type tests and random sampling tests jis’expressed as
metic mean value with its corresponding standard deviation. The farm of the statemer
standard deviation shall be specified.

hall

the
t of

If sgnsors X4 to X, are tested, then the characteristic is quoted as the mean value x of the n

dete

The

7.1

The
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7.1

All't

J7 Sample conditioning

B8 Ambient test conditions

rmined values x4 to x, of the sensors.

th the test shall’be performed; exposure of at least 6 h in such environment should
pted anyway.
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psts,shall be performed at specified temperature and relative humidity conditions; the va!

.9 Required type of test for individual characteristics

required type of test for individual characteristics is given in Table 1.

(7)

(8)

sensors selected for testing shall be allowed to reach equilibrium with the environment in

be
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Table 1 — Required type of test for individual characteristics

Design-specific features and characteristics Type of test

Operating temperature and humidity ranges Series test

Bragg wavelength Individual sample test
FBG spectral width Series test
Reflectivity Type test

FBG strain sensitivity Series test

FBG gauge factor Series test

Makimum strain range at ambient conditions (see 7.1.8) Series test

Fatjgue behaviour Series test

Mirlimum operating radius of curvature Series test
Temperature-induced strain response Series test

7.2] Bragg wavelength ig

7.2 General

Thel| following characteristics of an FBG spectrum shall bedneasured as requested by [this

document or as requested by the customer:

— PBragg (peak) wavelength in nm;

— FBG spectral width in nm;

—  FBG reflectivity in %;

— felative side-lobe level in dB;

— FBG signal-to-noise ratio in dB;

- N0 A_p, first poles (minima) of the Bragg grating reflection peak (see Figure 5);
— polarization induced uncertainty of Bragg (peak) wavelength;

— polarization induced uncertainty of FBG spectral width;

— polarization induced uncertainty of reflectivity.

- Spectrum CH1 (11)

-3

Reflectivity R (dB)

Amplifude (dB)

:..‘|.i i '

(AT BN

]
1
! Wavelength /. (nm) 1568 1569 1570 1571
1
1

Wavelength (nm
FWHM gth (nm)

-0 +0

1572

IEC

NOTE The value /; follows from the mathematical algorithm of the device. The spectral resolution, scan rate and

software-implemented filters of the device determine the precision of the peak wavelength.

Figure 5 — Reflection spectrum of a FBG (calculated (left)
and measured spectrum (right))
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7.2.2 Measuring procedure

For FBG with a lower reflectivity (Rpgg < 50 %), the Bragg wavelength shall be measured in
reflection. For FBG with a higher reflectivity (Rpgg > 90 %), on the other hand, it shall be
measured in transmission. In fact, for highly reflecting FBG (Rggg > 90 %), the maximum of the

Bragg wavelength peak becomes progressively more difficult to determine exactly. In this case,
the transmission minimum shall be used for Bragg wavelength measurement. For intermediate
values of reflectivity, either configuration can be used.

Alternatively, in case of a symmetrical spectral response, the Bragg wavelength shall be
caldurated as -off

All agg
wavielength of the FBG shall be measured with sufficient spectral resolution andr€ported. [The
megdsurement method used and the corresponding uncertainty (spectral resolution) should be
reported. In case of polarization effects, special measurements have to be carried |out
(seg¢ Annex C).

7.23 Evaluation

No particular evaluation is necessary.

7.24 Reporting

The| measured or calculated Bragg wavelength and/the measurement procedure shall be
reported. When requested by the customer, the typical FBG spectrum shall also be reported.

o

7.3| FBG spectral width
7.3 Measuring procedure

Thel FBG spectrum of the FBG strain sensor shall be measured with sufficient spegtral
res@lution. The measurement shall’be performed when the FBG strain sensor is unbent.

Becpuse local inhomogeneous variations in the state of strain within the FBG can cause spegtral
widtih to change, strain measurements shall consider this possibility. Changes in the spegtral
widfh can occur when:they are used as FBG strain sensors. The causes for a variatioh in
spegtral width can be_found

— In the installation itself, where different forces (strain states) were introduced;
— Where délamination occurs;

— Wwhepran effective inhomogeneous strain occurs at the measuring point.

Thelconstancy of the spectral width has important influence on the measurement uncertdinty
when using mathematical evaluation principles for ig determination. The spectral width can be

affected by different influencing quantities, for example temperature, maximum possible strain
and continuous oscillation behaviour.

The spectral width can also be strongly influenced by the state of polarization of the illuminating
optical source if birefringence exists in the fibre at the location of the FBG. Taking
measurements of the spectral width for a range of polarization states of the optical source often
provides strong indication of the condition of the sensor.

Although polarization dependence may result from either inhomogeneity during the original
manufacture of the FBG, inhomogeneous bonding of the FBG into the strain sensor device or
inhomogeneous bonding of the strain sensor device to the host structure, they all should be
considered undesirable and will degrade measurement accuracy (see 5.7).
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7.3.2 Evaluation

The measured FBG spectrum shall be evaluated according to the definition (see 3.7, and Figure
1, and Figure 5). The spectral width shall be determined from a reflection spectrum, whereby
the difference of the two wavelength values at the 3-dB drop-off is taken from both sides of the
reflection maximum. Alternatively, the transmission spectrum shall be used with appropriate
spectrum evaluation.

7.3.3 Reporting

The typical spectral width shall be reported. When requested by the customer, the FBG

spe

7.4
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The
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7.4.

The
defi

Intensity (dBm)

Ctrum shall also be reported.

FBG reflectivity

1 Measuring procedure

FBG spectrum of the FBG strain sensor shall be measured with ,sufficient spectral
lution. The measurement shall be performed when the FBG strain sensor is unbent.
2 Evaluation
measured FBG spectrum (see Figure 6 as an example) shall)be evaluated according to|the
nition (see 3.5):
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Figure 6 — Determination of Rpgg from the FBG reflection spectrum (left, Equation (9))

7.4,

and transmission spectrum (right, Equation (10))

3 Reporting

The typical reflectivity shall be reported. When requested by the customer, the FBG spectrum
shall also be reported.
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7.5 FBG strain sensitivity
7.5.1 General

The strain sensitivity describes precisely the response of the FBG strain sensor to the applied
strain. The functionality may be non-linear. The strain sensitivity is commonly determined by
tensile strain test. The sample shall be loaded by uniaxial tensile strain using appropriate tools
to uniformly stretch a fibre segment with the fibre grating on it. Tensile test provides the exact
strain characteristics of an FBG loaded by uniaxial strain. For calibration procedures, the
resolution of the reference measurement system should be at least 5 times better than the
specified measurement resolution of the sensor under test. It shall be ensured that the
mMedSUTement Uncertaimty of the Teference measurement SyStenm aitows exciuding syStematic
megsurement deviations. If the measurement uncertainty of the testing facility is worse,"it\ghall
be documented.

The| elongation of the specimen under test may be measured by a precise extensometer) for
example Fabry-Perot or another type of interferometer. It is also common to use a refergnce
strajn gauge applied to the surface of the test specimen at a place where sample deformation
is the most representative of FBG deformation. This method, however, *suffers from strain
transfer error that might be caused by choice of an inappropriate method of fixing, primarily|the
adhpesive. The use of a physically and application-independent referénce system such as imfage
correlation or speckle pattern interferometric system is recomfmended. Optical non-corJtact
megsurement methods allow the measurement of surface diSplacements of all parts of|the
applied sensor (sensor with coating, fixing material, sample.material). The choice of the opfical
method depends on the requirements with respect to strain range, strain resolution, [and
env|ronmental conditions.

Strgin sensitivity ascertainment can also be used<tio determine the gauge factor k£ of strain
senpgor samples (see 7.6). If the strain sensor is*attached to a material to be evaluated, and if
the [tensile test facility is equipped with a measurement system (e.g. digital image correlation
sysfem or a system based on speckle interferometry that is physically independent of|the
evaluation methodology to determine the strain response), the influences of involved matefials
such as coating, adhesive, etc., on thegstrain sensitivity characteristics can be evaluated.

Parficularly in the case of long-term-strain measurements, determination of the strain sensit|vity
shopld consider the influencecof temperature and humidity effects. Testing under combined
meghanical, thermal and environmental loads is recommended.

7.5 Tensile test - set-up

A tgst sample clamped in a load-bearing facility that introduces uniaxial tensile strain (see
Figyre 7) shall.be'used for determination of the strain sensitivity. The sensor under test ghall
be Installed-centrally (applied sensors on a sample, test piece) in the principal directiop of
stress. Thé.sample should be well-aligned and fixed in grips which allow the force-applicaltion
axig to, coincide with the strain direction of the sensor to be characterized. The grips shall|not
intr(fduce bending in the sample during loading.

Tensile testing machine should meet the requirements of ASTM E8/E8M or ISO 7500-1, or a
corresponding standard.
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Figure 7 — Example set-up of a tensile test-facility

r set-ups may be used for the tensile test facility. The-operation principle and the stang
ertainty of that facility should be documented and provided upon request.

3 Measuring procedure tensile test

strain sensitivity shall be determined by~applying uniaxial strain to the sensor sample.

n specified for the sensor. This should be performed in at least three stretch and rele
surement cycles.

brence ambient conditions shall prevail during the measurement with a temperature stab

perature stability shall be’improved if special requirements for the sensors to be tested
ent. After proper sterage, the FBG strain sensor shall be installed on the standard
cimen or in the testing device under standard conditions, according to the manufactur
ructions.

installation conditions (type of bonding) for the determination of the strain sensitivity s
mechanieally as close as possible to the installation conditions for the operation of
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4 Evaluation

The strain change A¢ shall be determined from the measurements of length and change in
length. This is done according to Equation (5). The strain sensitivity is calculated according to
3.13 as:

—=(1-p)xAe (11)
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The FBG strain sensitivity is often a function with a complex shape (particularly at the extremes
of temperature or strain). The FBG strain sensitivity represented by (1 — p) need not be the
same as the gauge factor, because the gauge factor is only a linear approximation to the FBG
strain sensitivity that only considers the response for the FBG strain sensor over a narrow
(manufacturer specified) operating range.

7.5.5 Reporting

The strain sensitivity characteristics (functional correlation between relative change in
wavelength Ai/i, and the introduced strain A¢) as well as the measurement procedure shall be
repnrfnrl

7.6| Gauge factor &
7.6/ General

Galge factor k is introduced as a linear approximate for practical use. In caencrete terms,|the
strajn sensitivity of any strain sensor need not be linear but can deviate from a linear functjion.
Forjan easy statement of the strain measurement result, the gauge factor is used under defined
conflitions. The use of the gauge factor has been established in past‘decades. Manufactufrers
proyide it for their strain sensor products and define for specified, application conditiond an
uncgrtainty for which the gauge factor is valid. The manufacturef-shall ensure the stability of
the lgauge factor for all specified conditions and that all specified environmental and long-term
inflyences on the strain sensitivity are within the uncertaintysband of the gauge factor.

A common practice to determine the gauge factor k ef'strain sensor products is the four-point
bending test. Depending on the availability of thedesting facility, both the four-point bending
test| method and the tensile test method can belused. Specific requirements concerning|the
matgrial onto which the sensor is installed have to be considered for the choice of testing
method.

Parficularly in the case of long-term strain measurements, determination of the gauge facfor &
shopld also consider temperature and-humidity effects. Testing under combined mechanjcal,
theimal and environmental loads.jsrecommended. The determination of gauge factor £ should
be referred to a strain sensitivity measurement to define permissible error. This uncertdinty
ban{d takes into account deviations from the strain sensor characteristics.

7.6.2 Bending test set-up

A flexural beam shall"be used for the measurement of the gauge factor £ of applied sfrain
sengors. The sensor under test shall be installed on the beam in the principal direction of stress.
A fqur-point bénding test set-up should be used to provide linear strain and stress distribution
in the middle)of the beam and constant bending moment between the inner points of load
application=>This avoids inhomogeneities in the beam material influencing the sensor dug to
chapging/bending moment. The sensors shall be installed centrally on the flexural beam.
Appropriate test facilities are proposed by ISO 14125.

Bending shall be generated by controlled displacement, and not by using weights, in order to
avoid creep effects of the flexural beam. The loading device (see Figure 8 and subfigures) shall
be rigid. As little torsion as possible shall be generated in the flexural beam. The strain ¢, to be

induced into the sensor under test shall be in the strain range between -1 000 um/m and
+1 000 um/m, where a tolerance of 100 um/m is permitted, whereas the strain limits should be
chosen according to the material of the flexural beam. The strain shall remain in the permissible
elastic range, which is 70 % of yield strength (Rp ;) for metallic materials. The yield strength

of other materials should be defined according to relevant standards, for example 1ISO 527-4 or
ASTM D3039/D3039M, or shall be defined by tests. The strain ¢, shall be determined with a

measurement uncertainty of 0,5 % at maximum. Within the operating range of the flexural beam,
the strain shall not exceed an uncertainty value of 0,5 %.
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Figure 8 — Test layout for the 4-point bending testywith scheme
of lateral force and bending moment curves

Tes} facilities should allow introducing static strain over several load steps.

The| bending of the flexural beam shall be measdred by a displacement measurement
(seg Figure 9).

IEC

Key

(1) surface under compression

(2) surface in tension

Figure 9 — Determination of the strain via displacement measurement

The surface strain for the measurement on the concave side of the flexural beam can be
expressed as:

N E— (12)
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The surface strain for the measurement on the convex side of the flexural beam can be
expressed as:

h
fp=—5—— (13)

a—+p2 —h
Py

Because the FBG strain sensor is placed at a distance s from the surface of the flexural beam
(see_Figure 10), the measured strain egqq in the FBG shall be corrected

The| corrected strain gp' at the flexural beam is given by:

' O,5><h

-7 14
gp 0,5xh+s *foss )

IEC

Key

0,5h| distance of the flexural beam surface<ftom the neutral axis

s distance of the sensor from the surface
(1) flexural beam with marked neutral axis
(2) sensor under test attached-on the surface

Figure 10 —~Whole-surface applied sensor on a bended flexural beam

7.63 Measurement procedure
The| gauge factor £ of an FBG strain sensor shall be determined in one of the following ways:

a) ppplyihg strain to a flexural beam upon which the sensor under test is installed, or

b) aft;\r‘hing the sensar under test at two points with a distance of IU which are displaced ax aIIy

relative to each other during the measurement.

The load can be introduced continuously or step-wise. Step-wise load introduction is
recommended to avoid changes in the strength properties of the tensile test sample or the beam
material. The number of load steps shall be defined according to the load range that the sensor
has to perform. The strain range should be varied in at least 5 equidistant steps from the
minimum to the maximum strain specified for the sensor. This should be performed in at least
three stretch and release measurement cycles. Approaching and constant controlling the load
steps should be displacement-controlled to avoid creep effects.


https://iecnorm.com/api/?name=d9fe5b5cdf1998bbe3389f446bdb6c84

IEC 61757-1-1:2020 © IEC 2020 - 33 -

Reference ambient conditions shall prevail during the measurement, with a temperature stability
of at least +0,5 K to avoid temperature-induced change of the sample’s Young-modulus. The
temperature stability shall be improved if special requirements for the sensors to be tested are
present. After proper storage, the FBG strain sensor shall be installed on the standard test
specimen or in the testing device under standard conditions, according to the manufacturer's
instructions.

The installation conditions (type of bonding) for the determination of the gauge factor & shall be
mechanically as close as possible to the installation conditions for the operation of the sensor.

The
pos|tive and negative directions. The prior-load shall produce a level of strain that lies-by at
leagt 10 % over the strain used for the measurement of the gauge factor k. If a sensor\cannot
be Ipaded in a negative direction, then only positive prior-load should be applied.

The| flexural beam with the FBG strain sensor shall be adjusted to the zero position;|the
megsured value Ay shall be recorded.

A positive strain of 1 000 pm/m + 100 um/m shall be generated.

Thel measured values and ¢, shall be recorded. The test specimen shall be unloaded

pos
and|the value 4, recorded again.

A ng¢gative strain of =1 000 um/m = 100 um/m shall‘be generated.

Thel measured values

and &,¢4 shallbe recorded. The test specimen shall be unloaded
neg
and|the strain as well as the value ig'shall be recorded again for the purpose of a plausihility
chefgk.

Tesling the gauge factor fop-anegative strain can be waived if the sensor design is not suitable
for {he determination of negative loading.

If tHe FBG strain sensor is also usable for negative strain, then the gauge factor k£ shall be
determined for the-negative strain range as well. The nominal strain shall have a valug of
1000 um/m £ 400" um/m.

7.6.4 Evaluation

If thesreference strain is to be determined by a displacement measurement, then the strain ghall
initi%mmmmmmmmm. one

according to Equation (5).

If a bending strain is applied, initially the distance of the Bragg gratings from the surface shall
be corrected. The mean value shall be calculated from these corrected values.

The gauge factor k for FBG that behave symmetrically with regard to positive and negative
strain is determined using the following expression:

Ml A
_ %o pos %0 neg

|A8| +|A8| (15)
pos neg
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7.6.5 Reporting

The strain gauge factor £ and the measurement procedure shall be reported.

7.7 Maximum strain range at room temperature
7.71 General
Maximum strain range is reached when one of the following criteria apply:

— the gauge factor k of the FBG strain sensor under the appropriate strain deviates by more
han the specified uncertainty,

— thelargest side-lobe in the spectrum does not lie at least 5 dB below the Bragg peak\(seq (1)
n Figure 1);

— the spectrum shows a structure no longer amenable to evaluation.
7.7 Test set-up

The| same test methods as recommended for the measurement of strain’sensitivity should be
usefl (see 7.5) to determine the maximum strain range at room temperature.

A flexural beam or a tensile strain test sample with known strain“behaviour shall be usef to
gengrate a defined strain. In the main stress axis, the straify ¢g shall be adjustable betwjeen

=100 000 pm/m and +100 000 um/m, where a tolerance%of +2 000 um/m is permitted. [The
uncertainty of the set strain shall have a maximum value‘of 1 %. The strain shall continuopsly
be fdjustable. The load can be introduced continuously or step-wise. In case of continuous
loaging, the strain rate shall be adjusted in such advay that changes in the strength propeities
of the tensile test sample or the beam materialkare avoided. Step-wise load introductiop is
recommended to avoid changes in the strengthiproperties of the sample or the beam material.
In case of stepwise loading, strain steps should be adjusted at least in steps of 5 000 pnm/m.
Within the operating range of the flexural beam or the tensile strain test sample, the strain ghall
havg a variation £ 0,5 %.

7.73 Measuring procedure

Aftdr proper conditioning, the\EBG strain sensor shall be installed on the flexural beam or|the
tengile strain test sample ) under standard conditions according to the manufactuner's
instfuctions. The installation on the beam shall be carried out such that the FBG strain sefsor
can|be compressed and*tensioned. If the FBG strain sensor is only suitable for positive strain,
then the FBG strain sensor shall only be loaded in the positive strain direction, or the ter]sile
testimethod shalt.be used.

The| sensors shall be connected to the measuring instrument, and the zero points and speftra
shall berecorded.

be reached. The positive and negative strain at the beam or the tensile strain at the tensile test
specimen shall be calculated based on a mechanics equation for deflected flexural beams or
measured separately using a reference measuring procedure according to 7.5.

If the testing equipment is not able to achieve a strain under which the abort criterion is reached,
the maximum strain value obtained in the test shall be reported as maximum strain.

7.7.4 Evaluation

By transforming Equation (11), the expression for the strain ¢ is obtained:
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k (16)

In case of using a flexural beam to determine the strain in a surface-attached FBG strain gauge,
the thickness of the fixing material that causes a distance of the FBG strain sensor from the
bent surface of the object of measurement shall be taken into account. The bending strain eqg

of the object of measurement is then estimated by using the following equation (see 7.5 and
Figure 11)

7.7.6 Reporting

The

ran

7.8
7.8.

An
con

For
sha
<5

thrgughout the whole period of the experimient to < 1 % of the set strain amplitude.

7.8.

The|

d)

repirted. The FBG strain sensor spectrum for the unloaded state and forthe maximum st

0,5%xh

EOF = ————¢,
OF 0,5xh+s

0ss

maximum strain range determined using the recommended bonding technique shal

e shall be reported when requested by the customer.

Fatigue behaviour
1 Test set-up

ppparatus shall be used which can generate a sinesshaped alternating load with lod
stant strain. The strain amplitude shall be adjustable.

surface-applied sensors, the local constancy-of the strain over the usable bending surf
| be £ 5 % of the amplitude. During the experiment, the variation in strain levels shal
O of the set amplitude. The apparatu§’sshall keep the mechanical zero point st

2 Measuring procedure
measuring procedure is as.follows.

The FBG strain sensor(shall be installed on the test specimen under standard condit
paccording to the manufacturer's instructions. The test conditions shall be recorded.

The test specimenwith the FBG strain sensor shall be dynamically loaded either by uniz
fensile testing Or,4-point bending. At the beginning of the test, the zero points and spe
shall be recorded.

The test-specimen shall be burdened by a sinusoidal load of appropriate amplitude
frequency. The amplitude, frequency and number of load cycles shall be recorg
Throughout the entire experiment, the load amplitude shall be kept constant. A tempera
meéasurement, or a suitable compensation, shall ensure that thermally induced zero p

17)

be
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ienlacamante dao naot ocellr orara takaen into-account
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Up to the maximum number of load changes, the test shall be interrupted after certain
loading cycles in order to assess the quality of the spectrum and the variation in the zero

point. Typically, after 10, 30, 100, 300, 1 000, 3 000, 10 000, 30 000, ... up to 107 |

oad

cycles, the intermediate measurements should be performed. It shall be checked whether

the sensor still correctly measures the time dependent strain behaviour (amplitude
function).

and
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Figure 11 — Test specimen with applied FBG strain sensor

3 Evaluation

gue strength is given when the measured amplitude, after a_certain number of load cydles,

is reproduced such that its value varies during the experiment only within the gauge factor %

tole

The
of s

7.8.4 Reporting

Loading conditions and the number of load cycles achieved shall be reported.

7.9
7.9.

The
usin
gau
the
the
mea
test
of ¢

rance. Fibre fracture is a failure criterion.

zero point variation is determined as a functiom)of’the number of load cycles and the Igvel
frain under constant experimental conditions:

Minimum operating radius(of curvature
1 Measuring procedure

FBG strain sensor shall be placed in the loading equipment and bent at a given radius (e.g.
g a tube of known-diameter). If the structure of the sensor permits (e.g. for FBG strain
ge), the test shall.be performed in the direction of the fibre and at 90° to it. During tesfing,
sensor shall exhibit an acceptable spectrum according to 5.1 and Figure 1. After the fest,
FBG strain,sensor shall be examined visually for delamination, and the spectrum shal| be
sured andichecked for significant distortion. If the sensor is still fully operational after|this
and recognizably undamaged, then the given radius shall be reported as the smallest radius
Lrvature. The test should be repeated at least three times.

NO

Significant spectral distortion is present Iif the implemented evaluation algorithm of the used measurement

instrument is no longer able to determine the one-to-one Bragg wavelength after these bending tests.

7.9.

2 Evaluation

This experiment requires no specific evaluation.

7.9.
The

3 Reporting

smallest radius of curvature for which the FBG strain sensor is still functional shall be

reported as the minimum operating radius of curvature.
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7.10 Temperature and humidity ranges
7.10.1 General

FBG strain sensors have temperature and humidity limits which shall not be exceeded to ensure
safe operation. One should distinguish between temperature and humidity ranges for

— storage and transport,

— installation,

— operation.

of materials that show degradation effects due to temperature and humidity influences. (Bragg
grafings, polymer and other synthetic materials). Thus, FBG strain sensors are suitable to pnly
a limited extent. The individual temperature and humidity ranges are defined as follews:

Terrr“tperature and humidity limits are a consequence of the fact that FBG strain sensors corfsist

e [or storage and transport:

he temperature and humidity range for storage and transport is the range in which the non-
bpplied, delivered, packed FBG strain sensor can be stored for.‘at least one year gfter
Helivery. In this period of time, the technical specification shall not vary.

e [or installation:

he temperature and humidity range for installation is the“range in which the FBG strain
sensor can be installed and the specifications according'to the data sheet are maintained.
Professionally performed installation is a prerequisite!

e For operation:

[he temperature and humidity range for operation is the environmental range in which|the
FBG strain sensor installed according to the manufacturer’s instructions can operate, jand
ts specifications stated in the data sheet@re maintained for the period of operation.

7.10.2 Measuring procedure

Thel| test to determine the temperature and humidity range for storage and transport shall be
cariffied out in an appropriate climate chamber at the lower and upper limits of the speclfied
ranges for a period of at least\4/10 of the designated lifetime of the sensor or an adequate
agejng technique. The FBGstrain sensor shall then be tested by measuring and evaluating| the
FBG spectrum under load within the specified strain range.

Thel|test to determiné the temperature and humidity range for installation shall be carried odit in
an appropriate climate chamber at the lower and the upper limits of the specified ranges. [The
FBG strain sensor shall be installed on a test sample according to the specification, with
appfopriate bonding material recommended by the manufacturer, at the lower and the upper
limi{s of the.specified ranges. The FBG strain sensor shall then be tested by measuring [and
evaluating\the FBG spectrum under load within the specified strain range.

Thetesttodetermimethetemperatureand—Humidity Tange for operationmstattbecarriedout in
an appropriate climate chamber at the lower and the upper limits of the specified ranges. The
FBG strain sensor shall be installed on a test sample with appropriate bonding material
recommended by the manufacturer. The test shall be carried out for a period of 1/10 of the
designated lifetime for short term use; in case of long-term sensor use, an accelerated test
under elevated conditions according to IEC 61300-2 (all parts) and IEC 60068-2 (all parts) for
a period of two months shall be carried out. The FBG strain sensor shall then be tested by
measuring and evaluating the FBG spectrum under load within the specified strain range.

NOTE This is a simple proof test of the specified data by the manufacturer. This test cannot substitute specific
durability tests for specific applications (e.g. long-term monitoring of a bridge).

7.10.3 Evaluation

No particular evaluation is necessary.
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7.10.4 Reporting

The determined temperature and humidity ranges and related test conditions for storage,
installation, and operation shall be reported.

7.11 Other environmental influences

Other environmental influences such as radiation (e.g. sun exposure or exposure to y-radiation),
biological or chemical attacks might affect the sensing characteristics of the fibre Bragg grating.
This could occur by increasing the transmission loss by changing the transmission
characteristics of the fibre, by changing the material characteristics of the coating used, or could
lead to ageing effects.

If these environmental influences are relevant, corresponding measuring procedures. shall be
applied, and the behaviour shall be clarified.

7.12 Temperature-induced strain response
7121 General

Temperature-induced strain usually occurs in FBG strain sensors because they can have ciluite
conjplex structures whose material can undergo thermally induced deformations, and thus
caupe the Bragg grating to experience a strain.

Thel effect of a thermal influence on the intrinsic spectral besponse of an FBG is described in
3.18 and 5.1, Equation (4). The temperature-induced-strain response of an FBG strain sensor
is determined by

— the thermal expansion of the material forming)the complex sensor structure, and

— the change in refractive index of the FBG'Wwith temperature.

by the recording device. This leads te~a zero point error. In order to add the two contributions
toge¢ther, conversion into wavelength or strain is necessary. The sum of temperature gradient

and|thermal expansion results in_the apparent strain &g:

Both contributions affect the Bragg wavelength of the FBG and consequently the strain indicTted

AT
k

Ssz(angAT)+g"x%+ax 18)

Thel first term_dn\the sum describes the expansion of the load-transferring material of|the
conjplex sensar-due to the effect of temperature. The second term describes the temperatpre-

indyced strain and is denoted Enet - The temperature-induced strain is fibre-specific and has a

typital’ value of 7,8 x 1076 x k=1 (valid for wavelengths in the range of 1 550 nm and standard
sindle-mode glass fibre, e.g. SMF 28). The thermal expansion a of the bare fibre material (third
term in Equation (18)) can be neglected. However, for silica fibre in any plastic coating, the
thermal expansion could rise substantially with temperature due to the temperature dependency
of the thermal expansion coefficient; and for most polymers, Young-modulus drops even faster
with temperature. In fact, temperature effects of FBG strain sensors will be strongest at low
temperatures and gradually reduced at elevated temperatures. The magnitude of this effect
depends on the type of polymer and its glass transition temperature.

Considering thermal expansion details, it is possible to represent the apparent strain for many
standard applications as a relative change in wavelength:

ﬁ:kx(agmmr)wxu (19)

2
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For a strain measurement, the measured values obtained shall be corrected to achieve the final
result. The indication at the recording device is the sum of the apparent strain and the
mechanically induced strain. Usually, the aim of the measurement is the mechanically induced
strain. In order to obtain this, the apparent strain shall be subtracted from the recorded strain
values.

7.12.2 Test set-up

The temperature-induced strain is determined in a temperature chamber, an oven or a
thermostat in the expected temperature range without introducing strain. The leading cable shall
be suitable for the required temperatures. The FBG strain sensor should be attached in the
sanfe manner as commonly used for later installation. Materials with a well-known coeffigient
of thermal expansion and an adequate temperature correction for this material should_be, used.

Thel thermal coefficient of expansion of the FBG strain sensor material shall‘be’ known or
spegified by the manufacturer.

The| required equipment for the temperature measurement of the test specimen shall have an
uncertainty better than 0,2 K.

7.12.3 Measuring procedure

At lgast five FBG strain sensors shall be investigated. The ndmber of test samples as welll as
the femperature steps shall be reported. The number of test specimens shall be reported. [The
temperature steps should be chosen adequate to the temperature range, and the numbgr of
cycles should be recorded.

Thel FBG strain sensor located in an appropriatextemperature-controlled unit is heated to|the
highest temperature. Next, the temperature shallbe varied either in progressive steps or linefarly
in sich a way that thermal equilibrium is reached before the measured strain value is recorded.
At {emperatures between 0 °C and 10Q °C, condensation on the sample shall strictly] be
avolded. It is recommended that the measurements be carried out at decreasing temperatures.
The| temperature and Bragg wavelength change of the FBG strain sensor shall be recorded
during this process.

7.12.4 Evaluation

The|temperature-indueed strain ¢ is simplified according to the relation:

netf

&
= % —ogm xAT 20)

neff k

Here, Ugm 1S the coefficient of thermal expansion of the Toad-transferring material of the FBG
strain sensor.

The mean value and the standard deviation shall be determined from the individual measured
values. For the complete statement of the measured result, the mean value and the standard
deviation are required.

7.12.5 Reporting

The temperature-induced strain shall be reported with its tolerance value and represented
analytically or graphically. For linear functions, the statement of a coefficient is permitted.
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7.13 Proof test and lifetime considerations
7.13.1 General

Long-term grating stability and thus reliable strain sensor function can have serious
implications, given potential applications that are critical to optical fibre sensors. The term
"lifetime" (or better "service life") describes usually the period of time during which a machine,
tool, or device can be operated properly within the specified performance. The service life ends
with the failure of the considered object. The term "failure rate" is alternatively used for the
lifetime of an FBG strain sensor to express its reliable function for the intended use under
defined operating conditions.

Thelservice life is determined by a number of optical, mechanical and environmental influenges.

— Pptical influences: regardless of any pretreatment prior to UV excitation of the @ptical fipre,
some thermal decay of the grating occurs over time, even at room temperatores The extent
o which this decay occurs depends on the fibre and grating type, whereas all grating types
vritten in non-hydrogenated fibre are stable at room temperature over“many years. [The
bresence of hydrogen may lead to an increase of the optical loss in the FBG and reduce|the
pptical transmissivity. One approach to stabilize the grating, called ‘accelerated ageing, is
o pre-anneal the grating at a temperature that exceeds the -anticipated servicegble
emperature of the grating strain sensor.

— Mechanical influences: these can be divided into two main 'categories:

p) intrinsic cause, determined by the glass strength-'in the elastic region (without
considering any flaws or defects);

b) extrinsic causes, initiated by damages during the manufacturing process of the fibre
(flaws, micro cracks on the surface) or during preparation for use as strain sengors
(mechanical damaging of surface protecting layers).

— Environmental influences: these can lead to attacks during storage and operation,| for
bxample by aggressive media, UV radiation, temperature shocks that can act as sources of
stress fracture, breaking the materialtbonds and causing failure of the FBG strain sensor.

For|lan FBG strain sensor use, manufacturers set in their specifications limits in strain [and
physical loading to exclude damaging mechanical influences — and thus to ensure the expected
FBG@ service life.

In ofder to ensure the expected service life without getting early failure (infant mortality) duge to
phytical defects that influence the mechanical performance, the FBG strain sensor should be
pro¢f tested by using. mechanical test methods to weed out large flaws.

If allifetime (quantified in days, months, years) of an FBG under a constant or varying seryice
stress under\well-defined environmental conditions is to be estimated, accelerated agg¢ing
experiments are required to evaluate the long-term grating reliability and/or the fatigue
behEviour accurately. However, it is not possible to quantify the expected lifetime exgctly

bechuse’ of its probabilistic nature due to statistically distributed defects.

7.13.2 Measuring procedure

In order to avoid infant mortality of FBG strain sensor samples, proof tests should be applied
according to IEC 60793-1-30.

In order to estimate the lifetime of an FBG strain sensor, static and/or dynamic strength tests
according to IEC 60793-1-31 or IEC 60793-1-33, depending on the intended use, should be
made.

Design of the testing machines, samples preparation and strain rates are proposed by
IEC 60793-1-30, IEC 60793-1-31 and IEC 60793-1-33. In case of an intended axial tensile
loading of an FBG, the tensile strength of FBG strain sensor samples should be applied
according to IEC 60793-1-31 to get statistical data on fibre strength. In order to estimate the
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failure probability (or survival probability) for FBG under complex loading condition, dynamic
and static tests according to IEC 60793-1-33 should be applied. These tests provide values of
the stress corrosion parameter n used for reliability and lifetime calculations in IEC TR 62048.

7.13.3 Evaluation

Testing results should be evaluated by means of statistical quality control distribution methods.
In literature, two approaches have emerged for analysing and predicting grating decay using
accelerated ageing data: the ageing curve and the power-law approaches. Both are based on
similar physical principles, using probabilistic methods.

The|power-law approach for empirically derived crack growth is considered the most reasonelable
experimental procedure to represent the fatigue behaviour. The expected lifetime is expressed
in terms of measurable parameters. The measuring procedures are based on static angd/or
dynpmic fatigue tests described in IEC TR 62048 developed for optical glass fibreg in
telecommunication. Because the strength values in glass fibre Bragg gratingsyare statistigally
distfibuted, a two-parameter Weibull probability distribution is preferably used'to describe|the
suryival (or failure) behaviour of the FBG strain sensors. IEC TR 62048 describes how|the
parameters n and B are obtained from the fatigue testing results. The s€ervice lifetime or seryice
failyre rate can then be calculated from the determined failure probability or survival probabllity.

From Weibull's empirical law, the flaw distribution is given by the equation:

Iog[ln T1(a)j — nlog [%j 21)

F(o) is the cumulative failure probability and is;defined as the probability of breakage bglow
stress level o; therefore, 1 — F(o) is the probability of survival. For a group of N samples,|the
cumulative probability of failure is calculated*by F = (i — 0,5)/N, where i = 1, 2, 3, ... N. Equation
(21) represents the coordinates of the axes of the Weibull curve. The slope of the curve is cqlled
the Weibull shape parameter n, whichtepresents the sharpness of the distribution and is used
in IFtime models of optical fibresy Using these parameters, the lifetime can be calculated

depgnding on the applied testing“method for various stress levels ¢ as a function of faijure

probbability F (see IEC TR 620438).

7.13.4 Reporting

For|proof tested FBG-strain sensors, the maximum stress or strain for which the sensor works
religbly shall be stated.

If lifetime was)calculated/estimated, the applied testing method (proof testing, static or dyngmic
fatigue testing) should be reported. The mechanical load limits ensuring the expected lifefime
shal|l be'specified. Lifetime can be stated for defined mechanical and environmental conditipns.

8 Recommendations for use of FBG measuring instruments

In order to characterize FBG strain sensors, measuring devices shall be employed that will
determine the variation in the Bragg wavelength with sufficiently high accuracy. Demands on
the accuracy of measuring devices depend on demands on the quality standard by the FBG
strain sensor type. In this respect, a distinction shall be made between highly sophisticated and
less sophisticated devices (e.g. based on tuneable laser and optical filter, using optical
spectrum analyzer, optical wavelength and power meter). Devices shall be calibrated according
to the manufacturer’s instructions, to other recognized suitable calibration methods, or to
appropriate calibration methods proposed by IEC 62129-1, IEC 62129-2 or IEC 62129-3. The
stability, linearity, sampling rate of the spectrum and SNR of the measurement device shall be
of adequate high performance.
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In case of suspected polarization effects, it is recommended to verify these polarization effects
by using polarization measuring equipment.

For a better assessment of applied FBG strain sensors (see also Annex D) or any FBG strain
sensor configuration according to 5.2, an optical measurement unit should indicate or record
the complete spectrum of the reflection or transmission signal. From this data, the Bragg
wavelength, the reflectivity and the spectral width (see 7.2 through 7.4) may then be
determined. The spectral resolution of the measurement unit is of particular significance. It is
affected by the spectral width of the light source (e.g. for a laser, FWHM) or by the spectral
resolution of the monochromatic device.

In grder to be able to compare measuring results of different measuring devices, inform;Jtion
abopt the sampling and calculation method used should be available.
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Annex A
(normative)

Further properties of FBG strain sensors

General

In this document, all the essential characteristics and features relevant to metrological practice
have been taken into account. The user has therefore been given the opportunity, for proper
installation, to reliably operate the measuring site and to evaluate results correctly.

In addition, there are further properties of sensors that shall be considered for partic
parameters and under special conditions. These include:

The

vavelength drift;

Creep;

c (&)

k (T);

he effect of nuclear radiation;
JV resistance;

resistance to micro-biological and chemical attacks.

manufacturer of the fibres shall exclude drift processes. For appropriately produced F

driff processes are of minor importance. They «€an simply be detected by a zero p
megsurement at an elevated temperature.

The
con
the

that

optical signal of the fibre Bragg grating<€an be influenced by mechanical effects on
hecting leads. Thus, for embedment, orfor situations where large transverse forces ac
fibres, polarization effects may occur: Polarization effects lead to zero point displacemé
become significant for the zero point related measurement of small strains.

Specific application conditions™fer FBG strain sensors, for example embedment of the H

stral
due
spe

in sensor into orthotropje’¢composite structures, can lead to perturbation of the FBG spe
to transverse pressure‘influences. Such perturbations have to be avoided by, for exam
Cial design of the sénsor coating. If this is not possible, the amount of perturbation ha

be ¢stimated, considéred and evaluated.

Ino
use

A.2

rder to decide'whether a strain transducer is applicable under specific situations, the ep
H and theleoating material should be noted.

Extended explanation of FBG side-lobes for different conditions of use

ular

BG,
oint

the
t on
bnts

FBG
ctra

ple,
to

oxy

Side-lobes shall be considered for two different conditions:

a)

b)

for a single FBG used as sensor, where it can be assumed that the wavelength of

the

fundamental peak is calculated as the arithmetic mean between the two points, 3 dB down

from the maximum power (see Figure 1), and

for an array of FBGs, where each peak can be at a very different power level, with some

fundamental peaks from one FBG below the level of side modes on other FBGs.

Condition 1: Single FBG strain sensor

Side-lobes can be defined as any feature of the FBG reflection spectrum (see Figure A.1) that

a)

resides outside of the spectral domain comprised by the fundamental FBG peak,
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b) exhibits downward concavity, and
c) exhibits a two-sided threshold crossing at a defined width level in dB (see 3.10) below that

local spectral maximum.
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Figure A.1 — Side-lobes in the case of a single FBG strain sensor

Condition 2: FBG as a part of an FBG strain sensor-atray

ntal

more complex spectrum of serially multiplexed FBGs, ambiguity between fundam
to

In g

peaks and side-lobes of similar spectral infensity (see Figure A.2) shall be eliminate
defipitively distinguish between desired (fundamental peaks) from undesired (side-lobes].
the generic case of multiple complex peaks at varying levels of attenuation, a clear definition of
"spectral peak" is necessary to understand the difference between the fundamental and sjde-

lobg peaks.
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Figure A.2 — Fundamental peaks and detected side-lobe peaks
in the case of serially multiplexed FBGs

bctral peak" (see Figure A.3) is defined as,any feature of the FBG reflection spectrum t

exhibits downward concavity, and

bxhibits a two-sided threshold cte$sing at a defined width level in dB below that |
spectral maximum.
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Figure A.3 — Spectral peaks in the case of serially multiplexed FBGs
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The desired fundamental peak can be discriminated from the undesired side-lobe peaks by
addition of a second parameter, the width level (see 3.10). This parameter is used to set the
width requirement for the fundamental peak identification in conjunction with the width level
parameter described above. For a given pair of parameters, only spectral features with a
bandwidth evaluated at a level of "width level" down from the peak of a value greater than the
width will be considered to be a peak. Figure A.4 gives an example, assuming width level and
width values of 3 dB and 0,1 nm, respectively. A sensor feature will only be identified as a
fundamental peak if the width of the signal at 3 dB below the local spectral maximum exceeds
0,1 nm. These parameter values will identify as fundamental peak spectral features with 3 dB
bandwidths of 0,240 nm, for example, but identify as side-lobes spectral features that might

have 3 dB bandwidths of 0,04 nm, 0,05 nm, or 0,06 nm.
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Figure A.4 — Parameters to.identify fundamental peaks and side-lobes

Using these defined parameters,a system can identify fundamental peaks at power levels equal
to of lower than that of side-lobés from adjacent FBG (see Figure A.5).
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Annex B
(informative)

Blank detail specification

B.1 General

020

The blank detail specification aims to assist the manufacturer in the choice of necessary and
practical statements, and assist the user in the comparison of FBG strain sensors from different

ma
ma

rela

B.2l Mechanical setup of the FBG strain sensor

w
(%)

be made. With reference to this document, an FBG strain sensor and, if appropriate,

;lufacturers. Pertinent to the sensor model concerned and the application, further statemsd
ed measuring equipment should be described by the following parameters.

construction details and geometrical dimensions (6.1);
configuration of FBG strain sensor (5.2 and 6.2);

connecting requirements, for example connector type, patchcord length, patchcord ty
minimum bend radius (6.4);

Hiameter of the sensor fibre (cladding diameter);

Hiameter of the fibre coating;

coating material type;

bonding materials, for example proposed glues for surface gluing;

jauge length in mm (5.4);

ree fibre length in mm if different from_gatige length (see Figure 4 in 5.2);
listance of the fixing points (optional)in mm;

mass in g or kg;

position of the FBG in the fibre (markers on fibre) and accuracy information of th
markers;

bigenfrequency of a strain*transducer.

Operational-characteristics of the FBG strain sensor

Bragg wavelength ig (7.2);
-BG straindsensitivity (7.5);
paugesfactor k (7.6);

ibte type of FBG;

bnts
the

pe,

ese

ibre type of lead in fibre (loSSes due to, €.g., core diameter mismaich);
temperature-induced strain of the FBG strain sensor (7.12) in pm/m/K;
FBG spectral width (7.3) in nm;

FBG reflectivity (7.4) in % or dB;

maximum insertion loss in case of FGB strain sensor array in dB;
side-lobe suppression in dB;

signal-to-noise ratio with attendant spectral distance (3.12) in dB;
index profile (e.g. apodization);

recommended storage conditions of unused sensors, for example humidity, temperat
UV-radiation;

environmental conditions for which the characteristics are specified;

ure,
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— pre-strain in um/m if the fibre sensor is pre-strained in case it is used with a strain transducer
or a patch;

— hysteresis for strain transducers (5.7.3);
— linearity for strain sensors with very high accuracy requirements.

B.4 Limiting parameters of the FBG strain sensor

— maximum strain range (7.7) in pm/m

e for strain in positive direction;

p for strain in negative direction;

— maximum number of load cycles for given oscillation amplitude and frequgncy
fatigue behaviour) (7.8);

— Mminimum operating radius of curvature (7.9);
— |ifetime at 10 000 pm/m strain;
— |ifetime at 30 000 pm/m strain;

B.5| Temperature data of the FBG strain sensor

— storage temperature range in °C;
— [|nstallation temperature range in °C;
— pperation temperature range in °C.

B.6| Further information of the FBG strain sensor given upon request

— practical hints for applications (reference to handling regulations);
— gensor rigidity in the direction of meastrement for defined geometrical dimensions;
— permitted relative humidity in % at ambient temperature;

— Jield strength at a specific temperature in N/m2.

o
N

Key performance data of the FBG measuring instrument

— pasic operating principle (e.g. swept laser, spectrometer, filter);

— method of peak etermination (e.g. spectral fit, maximum/minimum value, interpolafion,
mean of 3 dB values, false peak detection);

— ptability of the Bragg wavelength measurement (instrument stability);
— fepeatability of the Bragg wavelength measurement;

— fecommended FBG type such as profile of FBG strain sensor (e.g. apodized), fibre type,
cote diameter;

- ragg wavelength measurement range;

— range of FBG peak detection;

— sampling rate in samples per second,;

— maximum number of sensors per channel/per instrument;
— Bragg peak shift resolution in pm;

— dynamic range in dB;

— available optical power budget;

— minimum detectable FBG signal-to-noise ratio;

— required/suggested calibration interval;

— number of channels;
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simultaneous measurement or time delay between sensors on one fibre and the sensors at
different channels;

operating conditions (e.g. temperature range and humidity range, vibration and mechanical
shocks, altitude);

power consumption;

power supply (e.g. 12 VDC, 110/230 VAC);

special needs for power supply (grounding, stability of source);
size and weight of the instrument;

4 £
meTrractc,

Helivered/recommended DAQ software;

D
~

lexibility of DAQ software (open source, DLL for individual programming, unchangeabl
bvailability of the characteristic FBG spectrum according to Figure 1;

connector type/fibre type used in the instrument;

nformation about the light source (maximum power and spectral charaeteristics);

aser safety instructions (under regular operation and under fibre, break conditions);
ifetime (of instrument/light source);

ecommended service interval,

Hocumentation about performance tests/calibration.
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Annex C
(informative)

Polarization effects

It should also be considered that optical spectrum analyzers can have polarization induced
uncertainties that degrade the accuracy of absolute wavelength and power measurements to
levels that may make them unsuitable for FBG strain sensor measurements. These
uncertainties result from unavoidable two-dimentional asymmetry of bulk-optic diffraction
gratings and other optical components used in their construction. Measurement of polarization-
indyced uncertainty parameters (including Bragg wavelength, spectral width and %BG

reflgctivity) may be determined by repeating the basic spectral measurement at least 10 times.
Dur|ng each individual spectral scan, the measurement system used should be of\the same
type to ensure that the polarization state of the launched laser remains constant.

There are two options: a) a fixed number of states of polarization covering. uriformly the| full
Poimcaré sphere can be chosen for each of the 10 separate measurements;.b) it is also comimon
to nE[se randomly selected states of polarization of the laser. For thé most usual techrfical
reqlirements, the influence of polarization effects can be considered by indication of|the
sengors’ repeatability. If motion or relocation of leading cables ishexpected, the influencg of
polgrization changes has to be considered. In this case, integration of a depolarizer into|the
optical path is recommended. If measurement uncertainties due’/to polarization effects capnot
be accepted, polarization-maintaining optical fibres have to ‘be’used.

NOTE A feature of most modern polarization controllers is to provide random polarization states.
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Annex D
(informative)

Applied FBG strain sensors

General

020

All clauses of this document specifying FBG strain sensors refer to unapplied sensors. If FBG
strain sensors are applied to an object of measurement, the influence of the measuring object

has

The

to g test specimen or a measuring object with different coefficients of thermalcexpansio

sen
stra
stru

Additionally, operational influences from static, dynamic or Jonhg-term loading ur
ronmental influences and following changes in the wavelength\response after installation

env
hav

on the strain response at different vibration frequencies have’to-be revealed and considersg

Application of FBG strain sensors is covered by a separate standard and/or industry-se

spe

D.2

It is
the

For

a prie-determined gauge length\they should be very careful in selecting the procedure by w

the

to be considered for every type of applied FBG strain sensor.

sor and specimen materials. Determination of the resulting gauge factor of thé applied R
in sensor should, therefore, follow the estimation used similarly in 7.12 for the com
cture of a strain gauge.

b to be considered. If FBG strain sensors are subject to mechanical vibrations, influen

cific guidelines.

Recommended bonding process

important that the manufacturer recommends a bonding process including preparatio
area of adhesion and relevant materials (e.g. glue material).

Bragg grating fibres, the gaugé.length depends on the application. If users want to ach

sensor is anchored/attached/embedded. In case of continuously-fixed sensors, the fi

temperature-induced strain of an FBG strain sensor significantly changes after application

h of
FBG
blex

der

ces
d.

ctor

eve
hich
ing

length should exceed the defined gauge length by a few tens of fibre diameter for FBG with a

wel
imp
frac

caldulated from_the gauge length at fracture by subtracting from the latter the elastic portio

the

For
anc
wel

-known position on the' fibre (or at least twice the accuracy of the FBG marker positior
fecise marked FBG) to avoid shear-lag problems at the edges. In the specific cas
ture or cracks(within the gauge length of the sample, the final gauge length shoulg

elongation,

FBG strain sensors with discontinuous structural contact according to 5.2, the typ
hofing points, the anchor diameter and/or dimensions, the epoxy to be used for fixing

for
b of

be
n of

of
as

D

as the Ir\r\cifinn of FBG inside the strain transducer should be recommended hy

the

manufacturer. Possible transversal effects to the FBG elements should be excluded; long-term
stable protection of the fibre, for example against UV influence, has to be considered.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CAPTEURS FIBRONIQUES -

Partie 1-1: Mesure de déformation —
Capteurs de déformation basés sur des réseaux de Bragg a fibres

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation~comp
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC¢a“pour obijg
favoriser la coopération internationale pour toutes les questions de normalisation dans(les” domaine
I'Electricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internation
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) e
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études
tfavaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisa
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEE,  participent également
tfavaux. L'IEC collabore étroitement avec |'Organisation Internationale de, Nofmalisation (ISO), selon
nditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions techriques représentent, dans la mesu

nt représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr
mme telles par les Comités nationaux de I'lEC. Tous les_efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsab
dventuelle mauvaise utilisation ou interprétation qui en est{faite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale, des\€Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications natior]
t régionales. Toutes divergences entre toutes~Rublications de I'lEC et toutes publications nationale
regionales correspondantes doivent étre indiquées-en termes clairs dans ces derniéres.

[IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de’conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certific
indépendants.

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

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat3
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de |
our tout préjudice cause’en cas de dommages corporels et matériels, ou de tout autre dommage de qug
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
u au crédit qui lui est accordé.

attention est)attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées-est 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'
e droits 'de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droit
revets et averti de leur existence.
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La Norme internationale TEC 61757-1-T a eté éfablie par le sous-comité 86C: Systémes et
dispositifs actifs a fibres optiques, du comité d’études 86 de I'lEC: Fibres optiques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2016 dont elle constitue
une révision technique.

La présente édition inclut les modifications techniques suivantes par rapport a I'édition
précédente:

a) mise a jour des normes citées;

b) clarification des définitions et des spécifications d'essais.
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

86C/1642/FDIS 86C/1650/RVD

Le 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 rédigeé selon les Directives ISO/IEC, Partie 2.

Undg

fibroniques, peut étre consultée sur le site web de I'lEC.

liste de toutes les parties de la série IEC 61757, publiées sous le titre général Capig

puUrs

Le qomité a décidé que le contenu de ce document ne sera pas modifié avant la dat€ de stalfilité
indifjuée sur le site web de I'lEC sous "http://webstore.iec.ch"” dans les données relativeg au
docpument recherché. A cette date, le document sera
e feconduit,
e Bupprimé,
e femplacé par une édition révisée, ou
e Bmendé.
IMPORTANT - Le logo "colour inside"” qui se-trouve sur la page de couverture de celte
publication indique qu'elle contient des couleurs qui sont considérées comme utiles

a
CO|

Inséquent, imprimer cette publication en utilisant une imprimante couleur.

une bonne compréhension de sonZ,contenu. Les utilisateurs devraient, par
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INTRODUCTION

La série IEC 61757 est publiée avec la logique suivante: les sous-parties sont numérotées
IEC 61757-M-T, ou M représente la grandeur a mesurer et T la technologie.
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CAPTEURS FIBRONIQUES -

Partie 1-1: Mesure de déformation —
Capteurs de déformation basés sur des réseaux de Bragg a fibres

Domaine d'application

020

La

brésente partie de I'lEC 61757 définit des spécifications particuliéres pour des capteurs

fibrgniques utilisant un ou plusieurs réseaux de Bragg a fibres (FBG, fibre Bragg gratings)

con
pou

Le g
ser
défi

parametres et les caractéristiques des performances de base de I'appareil utilisé pour mes

le s
défq

Undg

2

Les
exid

Pour les références non datées, la derniére édition du document de référence s'appliqu

conm

IEC
I'ad

IEC

IEC

IEC
inte

IEC

me élément de détection pour les mesures de déformation. Des spécifications~genéri
I les capteurs fibroniques sont définies dans I'lEC 61757.

résent document spécifie les caractéristiques les plus importantes d'un,capteur fibroni
ant a mesurer des déformations en utilisant un FBG comme élément de détection,
hit les procédures permettant de déterminer ces caractéristiques.¢ll 'spécifie également

gnal optique provenant du FBG. Le présent document porte §ur'la mesure des valeury
rmations statiques et dynamiques sur une plage de fréquences.

spécification particuliére-cadre est fournie a I'Annexe-B.

Références normatives

documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,

pris les éventuels amendements).

60050 (toutes les parties),“Vocabulaire Electrotechnique International (disponibl
esse www.electropedia.org)

60068-2 (toutes les parties), Essais d'environnement — Partie 2: Essais
60793-2, Fibres optiques — Partie 2: Spécifications de produits — Généralités

60793-2-50; Fibres optiques — Partie 2-50: Spécifications de produits — Spécifica
rmédiaire pour les fibres unimodales de classe B

61300-2 (toutes les parties), Dispositifs d’interconnexion et composants passifs fibroniq

-M

ues

que
et il
les
Lirer
5 de

des

ences du présent document. Pour les;féféerences datées, seule I'édition citée s’applique.

%

D
Q-

tion

ues

cthrodes forrdarnmerntales o essars et de mesures — Partic 2 Essars

IEC 61754 (toutes les parties), Dispositifs d’interconnexion et composants passifs fibroniques

—In

IEC

IEC

terfaces de connecteurs a fibres optiques
61757, Capteurs fibroniques — Spécification générique

TR 61931, Fibres optiques — Terminologie

IEC 62129-1, Etalonnage des appareils de mesure de longueur d’onde/appareil de mesure de
la fréquence optique — Partie 1: Analyseurs de spectre optique
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IEC 62129-2, Etalonnage des appareils de mesure de longueur d’onde/appareil de mesure de
la fréquence optique — Partie 2: Appareils de mesure de longueur d'onde unique a
interférométre de Michelson

IEC 62129-3, Etalonnage des appareils de mesure de longueur d’onde/appareil de mesure de
la fréquence optique — Partie 3: Fréquencemetres optiques faisant référence en interne a un
peigne de fréquence

Guide ISO/IEC 99, Vocabulaire international de métrologie — Concepts fondamentaux et
généraux et termes associés (VIM)

3 |Termes et définitions

Pour les besoins du présent document, les termes et définitions de. [FIEC 61757,
I''EC 60050 (toutes les parties), I'EC TR 61931, le Guide ISO/IEC 99 (VIM),ainsi que|les
suifants, s’appliquent.

L'IS|O et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adresses suivantes:

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

NOTE Les réseaux a longue période, les réseaux non uniformes{les réseaux en angle et les réseaux de Brdgg a
fibrep de maintien de polarisation ne sont pas considérés.

3.1
réseau de Bragg a fibres
FBG
résgau de diffraction de phase intégré dansides fibres optiques unimodales en silice, conformes
a la|catégorie B de I'lEC 60793-2-50, poiir réfléchir de maniere sélective une plage trés étnoite
de Ipngueurs d'onde et en transmettre.d'autres

Note] 1 a l'article: Pour obtenir cette caractéristique, des zones espacées périodiquement dans le cceur de la(fibre
sont|modifiées pour avoir des indices(de réfraction différents, Iégérement supérieurs a ceux du ceceur.

Note| 2 a I'article: L’abréviation 'FBG" est dérivée du terme anglais développé correspondant "fibre Bragg grating".

3.2
capteur de déformation a FBG
disgositif qui utilise’ufiou plusieurs réseaux de Bragg a fibres (3.1) comme élément de détegtion
pouf les mesures de déformation

Notel 1 a I'article/ Différentes configurations sont possibles (voir 5.2).

3.3
longuedr d'onde de Bragg
’lBref

longueur d'onde du FBG (3.1), correspondant généralement a la valeur minimale de
transmission ou a la valeur maximale de réflexion de Bragg, sans déformation appliquée dans
des conditions ambiantes de référence

Note 1 a l'article: Si elle se rapporte a un capteur de déformation a FBG (voir 3.2), elle fait référence a la
configuration avant son installation.

Note 2 a I'article: A est la longueur d'onde du capteur de déformation & FBG indiquée par le fabricant sans autre
spécification mécanique ni ambiante.
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longueur d'onde de référence

Ao

020

réponse de longueur d'onde d'un FBG aprés l'installation ou au début de la mesure dans les
conditions ambiantes et avec la charge appliquée

3.5

réflectivité d'un FBG

Rege
rapport entre la puissance optique incidente P, et la puissance optique réfléchie P,g a la

long

Note]
incid|
conv
en’7

Note]

de I
cara

3.6
per

fibr
spe

Note]
cont
racc
reprq
cony,
aux

3.7
larg
larg
tran

Note]
laqu

Note
maxi

ueur d'onde de Bragg /g dans une fenétre spectrale définie

1 a l'article: La puissance transmise au capteur de déformation a FBG est inférieure a la puissance op
ente (puissance d'entrée) en raison des pertes dans la fibre au niveau du connecteur et dans.le résea
ent donc que la définition de la réflectivité d'un FBG utilise la puissance optique incidente Py(voif les équa

4.2) qui représente la partie mesurable au niveau du connecteur d'un capteur fibronique.

2 al'article: P, dépend du dispositif de mesure et n'a pas de valeur caractéristique’apsolue. Du point dg

Litilisateur, la réflectivité est importante si des conditions opérationnelles ou d'installation qui influencen
Ctéristiques de réflexion existent.

e de transmission d'un capteur a FBG

perle de puissance du signal optique transmis traversant la fibre optique, le réseau de Bragg a

s et les composants servant a connecter un capteur de.déformation a FBG a I'extérieu
ctre du FBG

1 a l'article: Pour les pertes de transmission dans une _configuration de capteur a FBG, toutes les partie
ibuent a la réduction de puissance, par exemple des pertes de transmission dues aux technique
brdement et de connexion, doivent étre prises en considération. Les spectres de transmission du réseau pel
senter une réduction de la transmissivité du réseau due aux influences sur les performances du résed
ent de considérer séparément de telles pertes de'propagation dans le réseau. Cette entrée s'applique seule

eur spectrale d'un FBG
eur a mi-hauteur (FWHM) dé-la valeur maximale de réflexion ou de la valeur minimale
smission a la longueur d'onde de Bragg

1 a l'article: La largeurra mi-hauteur d'un spectre d'un FBG est la plage de longueurs d'onde du spectr
lle I'amplitude est supérieure a 50 % (3 dB) de la valeur maximale de sa réflectance a Ag (voir Figure 1).

2 a l'article: L'abréviation "FWHM" est dérivée du terme anglais développé correspondant "full width af
mum”.

ique

ions

vue
t les

r du

B qui
5 de
vent
u. |
ment

apteurs de déformation a FBG multiplexés enllongueur d'onde a deux extrémités pour les connexions en série.

de

P sur

half
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Longueur d'onde (nm)

1 543,75 1 545,00 1 546,25
=30 -
1 | ]

3 dB
J
|
40 (1) = (2)
1 ﬂ = 3)
=50

’E‘ [
0 FWHM =
o !
\© —
% -60 Longueur d'onde de Bragg I"
5
IS y
IEC
Léggnde
(1) différence d'intensité entre la valeur de créte de Bragg et.le/plus grand lobe latéral (appelée "niveau rglatif
d'un lobe latéral")
(2) distance spectrale enregistrée (voir 3.12) par rappert a la valeur maximale d'un ou des deux cbtés de la

longueur d'onde de Bragg

(3) rapport signal/bruit du FBG, SNRg, pour (2)

Figure 1 — Caractéristiques du.spectre de réflectance d'un réseau de Bragg

3.8
lobes latéraux
valdurs de créte de réflexion.de chaque c6té de la valeur de créte de la longueur d'ondg de
Bragg ig

Note| 1 a I'article: Les lobesvlatéraux s'appellent également "modes latéraux".

Notel 2 a I'article: Les lobes latéraux doivent étre considérés en fonction des conditions d'utilisation (voir Figure 1

et Afticle A.2).

=

Note| 3 a I'article; Afin de décrire les caractéristiques de transmission, il convient de consigner dans un rappoft les
éléments suivants:

- 'affaiblissement maximal du spectre de transmission provoqué par des effets optiques parasites (en dB);

(P ST H 4 H 1l " ot H H <l I 1 ol oLl da—cla ) )
arratosSSeme Tt maAmar aua—SpectreaeransmiSSton—tansSTa prageueTongueurs—aonae—ae =1 N

Note 4 a l'article: La qualité du signal souhaité est exprimée par le rapport signal/bruit (SNR, signal-to-noise ratio).
La plage de longueurs d'onde consignée peut étre différente de celles généralement associées au rapport
signal/bruit. Dans ce cas, elle doit étre consignée de maniére explicite.

3.9

niveau relatif d'un lobe latéral

rapport entre la valeur maximale de I'amplitude de la composante du champ spécifié dans un
lobe latéral et la valeur maximale dans un lobe de référence

Note 1 a I'article: Le lobe de référence d'un FBG est la puissance de créte a la longueur d'onde de Bragg 4g; la

puissance de créte du plus grand lobe latéral dans le spectre d'un FBG est la composante du champ associé (voir
Figure 1).

Note 2 a I'article: Le niveau relatif d'un lobe latéral est généralement exprimé en décibels.
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Note 3 a l'article: Certains fabricants appellent ce terme le rapport de suppression des lobes latéraux (SLSR, side-
lobe suppression ratio).

3.10

niveau de largeur

différence d'amplitude relative entre un maximum local et une amplitude spécifiée ou une
caractéristique spectrale est évaluée pour un seuil sur les deux c6tés d'un lobe dans le but de
définir ce maximum local soit comme une valeur de créte du fondamental, soit comme un lobe
latéral

Note 1 a l'article: Le niveau de largeur est appliqué comme un seuil relatif d'évaluation d'un maximum local.

Note| 2 a I'article: Le niveau de largeur est exprimé en décibels.

3.11
largeur de créte
distance entre les points ou le seuil défini par le parametre de niveau de largeurCroise les deux
co6tés du lobe correspondant

Note] 1 a Il'article: La largeur spectrale d'un FBG est une grandeur définie comme la| largeur spectrale du mode
fondgamental du FBG. Elle est supérieure ou égale a I'exigence sur la largeur de la valeur-de créte de l'algorithme de
détegtion de valeur de créte quand le niveau de largeur est défini comme 3 dB.

Notel 2 a I'article: L'exigence sur la largeur de créte est appliquée conjointemeént avec le parametre de nivegu de
largqur pour distinguer les valeurs de créte du fondamental des lobes latéraux’dans le spectre d'une rangée o[l les
modes latéraux peuvent étre a une amplitude absolue supérieure aux valeurs de créte du fondamental adjacent.

Notel 3 a I'article: Lorsque plusieurs capteurs sont utilisés dans une rangée de réseaux de Bragg, la caractérisfique
de transmission doit faire I'objet d'une attention particuliére. Si leslofigueurs d'onde sont multiplexées, il est posgible
de voir apparaitre une diaphonie de signal involontaire des impulsions du réseau de Bragg. Les longueurs d'onde du
résepu de Bragg doivent prévoir une distance des crétes de Bragg suffisante dans le spectre disponible pour §viter
un clhevauchement de la longueur d'onde de Bragg. Les réflexions parasites, le cas échéant, doivent étre supprimées.

Notel4 a 'article: La largeur de créte est exprimée en(nanométres.

3.11
rapport signal/bruit du FBG
SNRrG

rapport entre I'amplitude maximale”’de la valeur de créte de la longueur d'onde de Bragg et
I'anplitude des lobes latérauxcexistants a une distance de longueur d'onde de 1 nm dans|des
conflitions sans charge

Note| 1 a I'article: Le SNRZz ne doit pas étre confondu avec les lobes latéraux d'un FBG générés par le processus

d'insgription et qui dépendent du nombre de réseaux, de la distance des réseaux A et de la variation de l'indide de
réfralction du FBG. Le.bruit est généré par le dispositif de mesure. Les lobes latéraux sont générés pendant
I'insgription du réseau et sont importants quand il s'agit d'utiliser un FBG comme capteur de déformation
(voir|Figure 1 et3/7).

Note| 2 a I'asticle: La valeur "1 nm" reste valide méme si la longueur d'onde centrale d'un FBG s'étend dans la glage
des longueurs d'onde visibles.

Notel3 a l'article: Le rapport signal/bruit du FBG est exprimé en décibels

Note 4 a I'article: L’abréviation "SNR" est dérivée du terme anglais développé correspondant "signal-to-noise ratio".

3.13
sensibilité aux déformations d'un FBG
rapport entre la variation relative de longueur d'onde 41/1; pour une variation de déformation

donnée Ag, défini par I'équation suivante

AL
—=(1-p)Ae
5, U=p)
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Note 1 a l'article: La sensibilité aux déformations d'un FBG décrit la réponse d'un FBG a une déformation uniaxiale
Ae de la surface du réseau. La réponse a une déformation est représentée par le coefficient photo-élastique p. Dans
la pratique, le facteur de jauge k est introduit comme une approximation linéaire de (1 - p). Dans ce cas, la sensibilité
peut étre considérée comme une fonction linéaire pour une surface de réseau étirée non intégrée uniformément (voir
7.6), c'est-a-dire que seuls la fibre optique et le revétement sont déformés.

Note 2 a I'article: Pour des raisons pratiques, ce terme est fréquemment défini comme le décalage de créte (Al en
nm) sur la variation de déformation introduite (4¢ en um/m) par rapport a une longueur d'onde de référence spécifiee

-

Note 3 a l'article: La sensibilité aux déformations peut se superposer a une déformation provoquée par la
température de la fibre optique.

tage
ction

rapport entre la variation relative de longueur d'onde Al/i, et une variation de déformation

médanique As appliquée a un capteur de déformation a FBG, exprimé“par le facteur de jauge
k, s@ns dimension, mesuré par le fabricant

A
poto
Ae

Note] 1 a l'article: Le facteur de jauge k est utilisé par les fabri€ants pour exprimer la réponse a une déformatign de
leurqd produits.

Note| 2 a I'article: Le facteur de jauge k tient compte de, toutes les influences du capteur de déformation a FBG sur
la sgnsibilité aux déformations. Il peut varier avec la-férme de la structure choisie pour le capteur de déformation
(par [exemple une fibre a réseau de Bragg avec une\couche de protection spéciale ou une jauge de déformation a
FBG) et doit donc étre distingué de la sensibilitétaux déformations du réseau de Bragg dans la fibre optique |(voir
3.13).

Note| 3 a I'article: Par hypothése, la caractéristique du facteur de jauge k pour un capteur de déformation a FBG est
linédire. En considérant I'ensemble du systeme de mesure (capteur, dispositif, cablage), le facteur de jauge |peut
étre |[défini séparément pour les compesants du systéme de mesure. Il est valide uniquement pour des condifions
définfies. Dans le cas d'une caractéristique non linéaire (par exemple par effet de fluage dans le transfeft de
défofmation), le facteur de jaugelk est considéré comme linéaire avec une erreur admissible définie.

3.1%
longueur de jauge
longueur sur laquelle une déformation entraine une variation de la valeur mesurée du capteur
de déformationa\FBG

Notel 1 a 'article® La longueur de jauge dépend de la configuration du capteur de déformation a FBG (voir 5.2).

3.11
ray j intnal

rayon de courbure minimal qu'un FBG peut supporter sans variation des parametres de
performances spécifiés

3.17

plage de déformation

<capteur a FBG> plage de déformation maximale que le FBG peut mesurer lorsqu'il est excité
en fonction des conditions mécaniques indiquées sans variation des parametres de
performances spécifiés

Note 1 a l'article: Les déformations peuvent inclure des compressions et des tractions axiales.

Note 2 a l'article: En dehors de la plage de déformation, le capteur de déformation a FBG peut ne pas étre
endommagé physiquement, mais les performances de mesure spécifiées peuvent étre affectées.
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3.18

période d'un FBG

A

distance entre les zones d'indice de réfraction variant périodiquement (plans des réseaux) dans
la fibre, exprimée par 4

Note 1 a l'article: La période d'un FBG définit la longueur d'onde de Bragg (voir 3.3) par I'équation

At x8
2 X ngge
ou
ke | =1,2,3
3.1

comportement en fatigue
variption des propriétés d'un capteur en raison de contraintes alternativés permanentes|(de
longue durée) ou de contraintes permanentes dans des conditions ambiantes de référence

Note| 1 a I'article: Les propriétés d'un capteur spécifiant un comportement en fatigue sont le déplacement du point
zéro|(voir 3.20) et la variation du spectre de réflexion du capteur de déformation a FBG en fonction du nombie de
cyclgs de charge.

3.20
point zéro
valdur initiale d'un cycle de mesure servant de référence a toutes les valeurs des mesures
suifantes

Notel 1 a 'article: Le point zéro s'appelle également efsemble vide.

Note| 2 a I'article: Le point zéro doit étre enregistré pour tous les types de mesures (statiques, dynamiques). Dans
le cgs de mesures hors ligne, lorsque les dispositifs d'enregistrement sont arrétés ou déconnectés, les megures
suiv@ntes doivent pouvoir faire référence au point zéro.

3.21
influence de la température sur un capteur de déformation a FBG
variption de longueur d'onde’de Bragg (3.3) d'un capteur de déformation a FBG soymis
uniquement a une excitation thermique

Note| 1 a I'article: La défermation provoquée par la température est observée comme une déformation apparente.

Note] 2 a I'article: <Le‘terme "sensibilité a la température" n'est pas utilisé parce qu'il fait référence a la mesure de
la tepnpérature, tandis que la caractéristique considérée ici est liée a la "compensation en température” du signal.

3.23
birdfringence
propriété optique d'un matériau optiquement anisotrope dont les indices de réfragtion
dépendent de l'orientation ce qui entraine différentes vitesses de propagation du rayonnement
lumineux dans différentes directions de propagation

Note 1 a l'article: La biréfringence est une propriété des matériaux optiques.

Note 2 a l'article: Pour les capteurs fibroniques, le terme "biréfringence" est utilisé correctement lorsque des fibres
optiques biréfringentes sont utilisées, par exemple les fibres PANDA et nceud papillon.

3.23

dépendance par rapport a la polarisation

dépendance de la longueur d'onde de Bragg qui se produit lorsqu'une charge transversale fait
devenir elliptique la section nominalement circulaire d'une fibre, entrainant une séparation des
spectres de Bragg rétroréfléchis en deux ondes réfléchies ou transmises de fagon inégale, ce
qui produit une double créte dans les spectres
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Note 1 a l'article: La dépendance par rapport a la polarisation de la longueur d'onde de Bragg peut également se
produire pendant I'inscription du réseau de Bragg a fibres si le laser d'inscription n'est pas correctement focalisé au
centre du cceur, mais s'il est focalisé sur un c6té dans la gaine. Ceci crée une asymétrie de l'indice de réfraction du
verre due a l'asymétrie de I'exposition.

Note 2 a l'article: La dépendance par rapport a la polarisation de la longueur d'onde de Bragg peut également
mener a une incertitude de mesure de la longueur d'onde de Bragg, de la largeur spectrale et de la réflectivité d'un
FBG.

3.24
diaphonie de signal

influence de la longueur d'onde lorsque des capteurs dont les spectres sont adjacents sont
utilisés_dans I'nlné-rnfinn de mlllfiplpyngp de Inngumlrc d'onde

4 |Symboles

Pour les besoins du présent document, les symboles suivants s’appliquent.

h épaisseur de lI'objet a mesurer déformé

I'e intensité de la puissance optique de la fibre de référencé

k facteur de jauge

L, L longueur

Ly longueur initiale de I'objet a mesurer

Ly longueur de l'objet a mesurer apres une défermation

Lg longueur de la fibre libre a Il'intérieur d'on’ transducteur de déformation

Lg longueur entre les points d'ancrage du capteur de déformation a FBG de I'objjet
a mesurer (longueur de jauge)

n indice de réfraction du guide‘d‘ondes

Mot indice de réfraction du résgau de Bragg (voir 5.1)

De constante photo-élastique efficace

p constante photo-élastique

Py puissance optique incidente

P B puissance.optique du FBG

Regg réflectivité-du FBG

R ds réflectivité de la fibre de référence du FBG

s distance entre le capteur de la fibre et la surface de I'objet a mesurer

SNREgq) " rapport signal/bruit du FBG

T température

X valeur moyenne

x; i®Me valeur mesurée

X paramétre physique (par exemple la température, la déformation ou la
pression)

a coefficient de dilatation thermique du matériau de la fibre

Ugm coefficient de dilatation thermique du matériau portant la charge de la jauge

de déformation

sp coefficient de dilatation thermique de I'échantillon d'essai

AL 44 = A- Ay, décalage de longueur d'onde de créte du FBG sous une déformation
donnée 4e¢
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déformation (toujours observée ici dans la direction de I'axe de la fibre)
déformation appliquée a I'échantillon d'essai

020

Enese déformation provoquée par la température (puissance thermique)
(5}
€OF déformation en flexion a la surface de I'objet @ mesurer
£0SS déformation mesurée par un capteur de déformation a FBG appliqué (pour
les objets de mesure courbés, voir 7.6.2)
&p déformation a la surface d'une poutre de flexion
gp‘ déformaiion dune pouire de flexion mesurée avec un capteur atfaché
d'épaisseur finie

&g déformation apparente

A0 longueur d'onde de référence

Y longueur d'onde de Bragg

2Bef longueur d'onde de Bragg dans des conditions ambiantes de référence

A période d'un FBG

é coefficient thermo-optique

Q déformation logarithmique
5 [Structure et caractéristiques
5.1 Réseau de Bragg a fibres (FBG)
Les|réseaux de Bragg a fibres sont des réseaux de diffraction de phase inscrits dans des guides
d'orjdes optiques. lls sont fréquemment produits en utilisant un rayonnement lumineux
ultraviolet (par exemple par un laser.excimere a 248 nm). La fibre est exposée a un diagramhme
d'inferférence de ce rayonnement ultraviolet (UV). Des traitements photosensibles aux|UV
produisent alors des variations-de l'indice de réfraction du cceur de la fibre qui est sensible [aux
UV.| Le diagramme d'interférence est une image dans le cceur de la fibre dont l'indicqd de
réfraction varie périodiquement. Le rayonnement lumineux incident et transporté le long de la

(int
réfl

La

fibr; est ajouté par superposition pour une certaine longueur d'onde au niveau de ces pd

rférence constructive). Cette partie spectrale du rayonnement lumineux incident
chie. Dans le rayonnement lumineux transmis, cette longueur d'onde (appelée longd

d'orlde de Braggwg)'est atténuée en fonction de la réflectivité du FBG. La Figure 2, constiluée

des|schémas@) a d), représente le principe de fonctionnement d'un réseau de Bragg a fi
danp un guide d'ondes optique.

ints
est
eur

res

aleur‘de la longueur d'onde de Bragg réfléchie 1z est déterminée a partir de la conditiovr de

Bragg:

g =2xngg X A

(1)

L'Equation (1) montre que la longueur d'onde de Bragg ig du FBG dépend de l'indice de

réfraction efficace du FBG et de la période du FBG A. La largeur spectrale de la valeur de créte
de la longueur d'onde de Bragg est essentiellement déterminée par le nombre de périodes du

rés

eau et par I'amplitude de la modulation d'indice de réfraction.
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Selon I'Equation (1), le FBG est sensible aux variations de la période du FBG et de I'indice de
réfraction efficace du FBG. Les variations peuvent étre essentiellement causées par des

variations de la déformation et de la température. La longueur

d'onde de Bragg Ag varie (elle

est "décalée") avec des variations de la période du FBG A ou avec des variations de l'indice de

réfraction efficace ngg.

La longueur d'onde est décalée vers des valeurs plus élevées lorsque le réseau a fibres de
verre subit une traction ou un échauffement. Le processus inverse se produit en cas de
compression et de refroidissement. Ces effets sur les grandeurs ng s et A sont décrits dans

I'Equation (2):
10 1 On 1 OA
- )‘B — eff el (2)
g OX  ngg 0X A X
ol
X estun parametre physique (par exemple la température, la déformation ou la pression)
Mcore Période du réseau 4 _An 104
n el
o 1T,
A
A \
N
— N e
S D
n n n n,>n
| 2 3 17" pn
a) Profil d'indice de réfraction d'un FBG et accumulation
Rayonnement Rayonnement Rayonnement
lumineux d'entrée lumineux réfléchi lumineux transmis
E) o) Longueur d'onde de Bragg Q
2 % P [
2 ( 5 SO 1 m o ||\
= . = =
4 g y) g yl
IEC IEC IEC
b) Spectre du rayonnement c) Partie réfléchie du spectre du d) Partie transmise du specfre
lumineux incident rayonnement lumineux incident du rayonnement lumineux|
incident

Légende

An - modulation maximale d'indice de réfraction dans le réseau
n indice de réfraction dans le cceur de la fibre

n, indice de réfraction de la gaine

ny indice de réfraction efficace du réseau

Figure 2 — Principe de fonctionnement d'un réseau de Bragg
a fibres dans un guide d'ondes optique
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Des réseaux de Bragg a fibres sont utilisés dans des mesures de déformation de telle sorte
que seules des variations de déformation le long de I'axe des fibres et des variations de
température aient un effet (I'effet de I'influence de la température comme élément perturbateur
est traité en 7.12).

Il s'en suit que la variation générale de la longueur d'onde de Bragg est donnée par:

(3)

Le premier terme de I'Equation (3) décrit I'effet d'une déformation mécanique! (61/0L) 4t la
réagtion élasto-optique (dng/dL) du guide d'ondes optique. Le second terme de-I'Equatior] (3)

décrit I'effet de la température sur les grandeurs nqg et A.

Le ferme (94/0T) décrit I'effet de la dilatation thermique du réseau de’Bragg sur la période du
résgau A. D'autre part, I'effet thermique sur I'indice de réfraction deMa‘fibre optique est expiimé
par |le terme (Ong/0T).

Dans la pratique, les effets des déformations et *de la température sont dégrits
approximativement par la relation linéaire exprimée dans I"Equation (4):

N (2.7)

P :(1—p8)e+(a+§)AT (4)

La ¢outume veut que les FBG, qui sonfisoumis a des variations thermiques et mécaniqles,
réagissent a ces effets combinés avec:¢omme conséquence une variation de la longueur d'onde
de %ragg. La variation de longueur.d'onde mesurée ne permet pas de différencier les variations
de déformation des variations de température. Des mesures spéciales sont donc nécessajires
poufr distinguer les deux valeufs*(voir 7.12).

Puigque chaque réseaude-Bragg intégré comme un capteur dans une fibre peut avoir sa prgpre
longueur d'onde de Bragg différente des autres, en utilisant un multiplexage par répartition en
longueur d'onde, plusieurs capteurs de déformation ou de température peuvent étre identifiés
et Iys dans une fibre optique. La Figure 3 donne un exemple des signaux (longueurs d'onde¢ de
Bragg) d'un capteur provenant d'une fibre de capteur avec plusieurs réseaux de Bragg dispgsés
en géquence(rangée de FBG).

A

15
10

-10

Puissance optique (dBm)
o

b

1 495 1505 1515 1525 15835 1545 15855 1565 1575 1585 13595

Longueur d’'onde (nm)
IEC

o
-

Figure 3 — Exemple d'un spectre de réflexion d'une rangée de réseaux de Bragg a fibres
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Pour caractériser un FBG, les paramétres suivants doivent étre mesurés et consignés dans un
rapport (voir Figure 1):

longueur du réseau de Bragg a fibres (FBG);

longueur d'onde de Bragg en nm (voir 3.3 et 7.2);

réflectivité en % (voir 3.5 et 7.4);
largeur spectrale du FBG (largeur a mi-hauteur) en nm (voir 3.7 et 7.3);

niveau relatif des lobes latéraux en dB (voir 3.9).

H-rapport-a-ta—demande

oot T ot o o oo™

du ¢lient:

— |e type de fibre selon la catégorie B de I'lEC 60793-2-50;
— |e spectre entier;

— |es parameétres du matériau constituant la gaine;

— |a plage de températures en fonctionnement (voir 7.10);
— |a stabilité sous les influences de I'environnement;

— |e type de processus d'inscription (par exemple une inscription avant le revétement, pendant
e processus de dessin, lI'application d'un nouveau revétement; une inscription a travetrs le
revétement);

— |e rapport signal/bruit en dB (voir 3.12);
— |e profil du réseau (par exemple uniforme ou apodisé);

— incertitude induite par la polarisation de laJlongueur d'onde de Bragg en pm (voir
Annexe C);

— [incertitude induite par la polarisation de a réflectivité du FBG en % (voir Annexe C);
— |'incertitude induite par la polarisation de‘la largeur spectrale du FBG en pm (voir Annexel C);
— |a distance entre des FBG consécutifs d'une rangée de FBG;

— la précision des marqueurs indiguant la position du FBG dans la fibre;
— la traction préalable du capteur de déformation a FBG;

— |a capacité de résistance a-'eau.

5.2| Configuration d'un‘capteur de déformation a FBG

Un capteur de défgrmation a FBG peut étre constitué de différents matériaux et peut avoil les

diff¢rentes formes Stivantes:

— bin segment de fibre optique avec un ou plusieurs capteurs de déformation a FBG (appelé
fibre @réseau de Bragg" dans la suite du document). Plusieurs FBG disposés les uns aprés
es,aufres sont appelés "rangée de FBG";

) ; ) ] ) . ) ) ) ¢S a
I'objet a mesurer au niveau de points/surfaces d'ancrage a une distance définie (un tel
capteur est généralement appelé extensométre ou transducteur de déformation);

— un FBG intégré dans un matériau de protection qui constitue une zone de transition entre
le capteur et I'objet & mesurer. La zone de transition est habituellement plate. Elle est
généralement appelée jauge de déformation a FBG, plaque ou pastille.

Il convient que le fabricant définisse la longueur utilisée pour déterminer le facteur de jauge.
Dans le cas d'un extensometre ou d'un transducteur de déformation (voir Figure 4), la longueur
de jauge est définie entre les deux points d'attache (Lg dans la Figure 4). Toutefois, de

nombreux transducteurs de déformation sont préparés en collant la fibre aux ancrages dont la
taille est de quelques millimétres ou quelques centimeétres. La longueur de fibre libre Lg peut

étre différente de la longueur de jauge Lg. Ceci crée un probléme d'étalonnage. Il convient que
les utilisateurs connaissent la longueur utilisée par le fabricant pour I'étalonnage.
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Capteur de Capteur de
Fibre optique ~ déformation & FBG température a FBG
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Figure 4 — Longueur de jauge entre deux points d'attache

Point de mesure et installation

rocédure consistant a lier le capteur de déformation a FBG a un composant de la struc
e son accouplement a un dispositif photonique s'appelle l'installation du capteur
rmation a FBG. Quels que soient les matériaux et les formes-utilisés, le capteur

contact continu avec la structure: la liaison entre le captedr'de déformation a FBG et I'o
b mesurer est verrouillée par frottement sur une surface.continue; le capteur de déform
b FBG est destiné a mesurer la déformation moyenne QU 'une composante de la déform
subie par I'objet au niveau de la surface continue;

contact discontinu avec la structure: la liaison\entre le capteur de déformation a FB(
'objet a mesurer est verrouillée par frottement sur différents points/surfaces d'ancn
Histincts (ensemble de points/surfaces d'ancrage) avec un espace sans liaison entr

moyenne ou une composante de la“déformation présente entre les points/surfg
'ancrage.

fils ou les cables de connexionsortant du capteur de déformation a FBG doivent étre plg
lle sorte que I'objet a mesurer ne soit pas obstrué ou que le signal de mesure ne soit
urbé.

Longueur de jauge

pngueur de jauge-est la longueur d'un objet & mesurer sur laquelle le capteur collecte
fmations. Dans.le cas d'un capteur de déformation, il s'agit de la longueur sur laquelle
rmation provoquera une variation de la valeur mesurée du capteur de déformation a F
bngueur de jauge dépend de la configuration du capteur de déformation a FBG.

rmation a FBG est attaché ou intégré a I'objet a mesurer d'une des maniéres suivantes:

capteur et I'objet; le capteur de déformation a FBG est destiné a mesurer la déformat

ture
de
de

p.

bjet
tion
tion

N

5 et
age
b le
on
ces

cés
pas

es
une
BG.

au

s de“eas d'un capteur de déformation FBG a point fixe (par collage, soudure, fixatiorn

nive

in rf 'ancr istin la lon r dterminé

rla

distance de mesure L entre les deux points d'attache ou une séquence de points sur la surface.

Pour une jauge de déformation a FBG, la longueur de jauge est la longueur sur laquelle la
déformation appliquée est moyennée, convertie et mesurée. Généralement, cette longueur de
jauge n'est pas égale a la longueur du réseau de Bragg a fibres.

5.5

Déformation et déformation de référence

La déformation ¢, qui est généralement citée dans le domaine de la métrologie des
déformations, s'appelle "déformation technique" et représente I'extension ou la contraction AL,
par rapport a sa longueur initiale Ly, d'un objet a mesurer soumis a une contrainte mécanique

out

hermique connue.
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e=— (5)

Lors de la mesure de déformations consécutives résultant de charges multiples, différents
systémes de référence peuvent étre exigés pour calculer la déformation. Les composantes de
la déformation font référence a la longueur initiale respective de I'objet a mesurer établie aprés
les charges précédentes. Cette valeur de déformation est appelée déformation "logarithmique”
ou déformation "vraie", ¢, et, pour de petites variations de déformation, elle se calcule
approximativement par I'équation suivante:

dl L
o= | Tt (6)

Le FBG a l'intérieur du capteur de déformation a FBG enregistre la déformation appliquée a
I'élgment par I'intermédiaire du revétement de protection, du matériau de support ou du mdyen
de ljlaison. La déformation mesurée par le capteur de déformation a FBG peut étre affectée|par
le comportement plastique/inélastique de tels matériaux.

Lorgque des fibres a réseau de Bragg sont utilisées, un transfert"de déformation inapproprié
peuf donner lieu a des écarts, et la réponse de déformation par I'objet a mesurer est incorrelcte.

5.6| Longueur d'onde de référence

Differentes méthodes d'évaluation et différents dispositifs donnent différentes longueurs d'onde
enrggistrées pour un méme filtre du réseau de.Bragg. Ainsi, dans le contexte du présent
document, le résultat de la mesure de longueur d'onde aprés l'installation du capteun de
défgrmation a FBG avec le dispositif spécifié@st appelé "longueur d'onde de référence" 4,

La Ipngueur d'onde de référence n'a pas_nécessairement la méme valeur que la longueur d'onde
de Bragg spécifiée par le fabricant™du FBG. En raison de la trés petite différence entrg la
longueur d'onde de référence eta’longueur d'onde de Bragg, les deux valeurs de longyeur
d'onide peuvent étre utiliséestdans les équations qui suivent sans introduire d'erfeur
sigrificative.

Si Ia longueur d'ondesde référence est mesurée quand le cycle de mesure est lancé, cette

megure de longueur.d'onde peut étre considérée comme la valeur de mesure au point zéro (voir
3.20).

5.7| Comportement de la stabilité

5.7/ Dérive et fluage

Géf éldiﬁlllﬂllt, id btdlulilté Ubt i'aptituu'c u"uu bybielllc UIG IMesurc a CUIISTI VI sSes
caractéristiques métrologiques et a satisfaire aux autres spécifications sur la durée de
fonctionnement prévue. La stabilité, dans le contexte du présent document, décrit la propriété
du capteur de déformation a FBG appliqué a maintenir constantes ses caractéristiques optiques
sur une durée d'utilisation déterminée par les objectifs ou a présenter un petit écart admissible.

Des variations de la valeur mesurée peuvent apparaitre:

— lorsque les matériaux concernés sont soumis a des contraintes a long terme (fluage);
— sans contrainte de charge (dérive du point zéro).
Ceci peut étre causé par le développement lent d'une dégradation chimique ou physique a

I'intérieur des matériaux utilisés (par exemple le vieillissement) ou par une modification des
conditions physiques initiales (par exemple la température ou I'hnumidité).
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Le fluage est une quantité qui dépend des matériaux utilisés, du montage du capteur et du type
de fonctionnement. Il peut uniquement étre déterminé expérimentalement. Les expériences
actuelles montrent que les erreurs dues au fluage ne contribuent pas a l'incertitude de mesure
donnée pour le facteur de jauge %, lorsque le matériau de liaison spécifié par le fabricant est
utilisé.

La dérive est une variation lente des caractéristiques métrologiques du systéme de mesure.
L'erreur de dérive d'un capteur de déformation a FBG est négligeable dans I'état actuel de la
technique. Par conséquent, dans le cadre du présent document, aucune autre spécification
est
r la

FBG
Des
i'un
b et
peupent entrainer la détérioration des caractéristiques de stabijlité ‘exigées. Un spectre| est
acceptable lorsque les valeurs maximales des lobes latéraux sontiinférieures d'au moins § dB
par frapport a la valeur de créte principale. La spécification dw FBG s'applique a la conditiof du
capfeur de déformation a FBG au moment de la livraison.

5.7 Hystérésis

En science des matériaux, I'hystérésis décrit un-comportement particulier des matériaux dans
leqyel un matériau ne revient pas a son état initial ou revient a son état initial aprés un centain
temps lorsque la charge d'entrée a été retirée. Ceci signifie que la valeur de sortie pouf un
conportement de déformation élastoplastique ne dépend pas seulement de la valeur d'entfée,
maip aussi de processus qui dépendent.de la vitesse.

Qugnd la déformation (ou la température) varie, la valeur de créte d'un FBG a base de sjlice
sub|t généralement un décalage“sans présenter d'effet d'hystérésis. Des revétements de
capleurs de déformation a FBG a base de silice ou un matériau de protection dans lequel|des
capfeurs de déformation a FBG sont intégrés constituent une zone de transition entre I'élément
du gapteur et I'objet a,mesurer (selon 5.2), ce qui peut causer des effets d'hystérésis| Si
I'hystérésis apparait_pour des conditions répétées ou cycliques a l'intérieur de la plagg de
défgormation en fonetionnement spécifiée du capteur, il convient de décrire la quantité
d'hystérésis.

5.8| Spécimen d'essai

Ici, Hes '‘poutres de flexion, des plaques ou d'autres objets sont appelés spécimens d'essailsur
lesquels’les capteurs de déformation a FBG sont installés afin de déterminer et de verifier lgurs
propriéiés. Le concepl de "spécimen dessai normalisé” est ulilisé en associalion avec
I'étalonnage et les essais. Le concept d'objet a mesurer est utilisé pour la description générale
des procédures de mesure.

5.9 Indication des valeurs mesurées

Les variations de la longueur d'onde de Bragg induites dans le FBG sont mesurées par un
appareil de mesure connecté (valeurs mesurées) et traitées pour étre utilisées en métrologie
(résultat de la mesure). La coutume veut que I'appareil de mesure délivre le signal optique
d'entrée au capteur et enregistre le signal de réponse du capteur.
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5.10 Mesure en référence au point zéro

Les concepts de "mesure par rapport au point zéro" et de mesure statique ou quasistatique,
représentent toutes les mesures ou la valeur mesurée se rapporte a une valeur initiale (le point
zéro, voir 3.20).

Les facteurs d'influence suivants doivent également étre considérés:

— dérive de l'appareil de mesure;
— méthode d'évaluation:

pifferentes methodes d'evaluation (appareils de mesure) peuvent donner differg¢nts
Hécalages par rapport au point zéro. En cas de remplacement de I'appareil de mesurg, il
convient de déterminer le décalage par rapport au point zéro entre I'ancien etdle-hogyvel
Appareil;

— fluage du capteur appliqué.
La procédure d'analyse des capteurs de déformation a FBG doit se faire de .maniére neutre| de
sorfe que les caractéristiques des fils de connexion et des connecteurs optiques ou |des

épidsures n'affectent pas le point zéro. Il est toutefois recommandé de procéder a june
vérification occasionnelle du point zéro.

5.11 Mesure sans référence au point zéro

Pour les mesures dynamiques périodiques ou sans référence au point zéro, les valgurs
medurées ne font pas référence a une valeur initialer fixe. Ceci s'applique seulement |[aux
megures de I'amplitude d'une oscillation périodique.

5.12 Jeu de production

Un jeu de FBG est un lot de FBG produits:seton le méme processus de fabrication.

5.13 Type normalisé de capteur de.déformation a FBG

Un type normalisé de capteur de“déformation & FBG est un lot de capteurs de déformatign a
FBG dont les propriétés physiques sont identiques (dimensions géométriques, processug de
fabrication, matériaux utilisé€s;'post-traitement, longueur d'onde de Bragg).

5.14 Séries de capteurs de déformation a FBG

Ung série est unot-de capteurs de déformation a FBG pour lesquels les matériaux utilisés et
les processus-de: fabrication sont identiques, mais dont la longueur d'onde de Bragg ou| les
dimgnsions peuvent étre différentes.

6 |Caractéristiques a consigner

6.1 Détails de construction et dimensions géométriques

Les caractéristiques a indiquer doivent faire référence a la configuration de capteur appropriée
conformément a 5.2. La configuration appropriée doit porter un nom.

Les données géométriques pour la longueur, la largeur, la hauteur et la distance de I'élément
de détection de I'objet a mesurer, ainsi que les dimensions applicables de I'assemblage, doivent
étre consignées par le fabricant.
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6.2 Configuration du capteur de déformation a FBG

La configuration du capteur de déformation a FBG selon 5.2 doit étre consignée dans un rapport
par le fabricant. Si plusieurs configurations sont consignées, les caractéristiques mesurées
selon I'Article 7 doivent étre données pour chaque configuration.

6.3 Plages de températures et d’humidité

Le fabricant doit consigner dans un rapport les plages de températures et d'humidité pour le
stockage, l'installation et le fonctionnement.

6.4| Exigences de connexion

Les| exigences de connexion doivent étre indiquées que le capteur soit fourniavec| un
conhecteur optique ou non. Si un connecteur est utilisé, son type doitétre indiqué
conformément a I'lEC 61754 (toutes les parties). Le plus petit rayon admis pquy‘disposer les
fils [de connexion doit étre indiqué. Lorsque le capteur est connecté au cable principal, le
diameétre du champ de mode doit étre compatible. Une mauvaise adaptation entraine des pertes
au npiveau des épissures. S'il y a des pertes au niveau des épissures, lejproducteur doit donner
les [parameétres des fibres et les informations sur cet affaiblissement ‘supplémentaire. Si le
capfeur de déformation a FBG peut étre utilisé depuis un seul cotéple fabricant doit marquer le
coté a utiliser pour la connexion. Ceci peut étre le cas lorsque des rangées de FBQG de
réflectance élevée sont utilisées.

7 |Caractéristiques a mesurer

71 Echantillonnage et évaluation statistique
7.1/ Echantillonnage

Les| méthodes d'échantillonnage suivantes doivent étre utilisées en fonction de la poftée
soupaitée des essais:

— gchantillonnage aléatoire;

— gssais de type;

— essais de série;

— pssais sur des échantillons individuels.
Beaucoup des propriétés des capteurs de déformation a FBG (davantage de propriétés [des
capfeurs de défermation a FBG sont présentées a I'Annexe A) peuvent étre déterminées

uniquement sur un capteur installé. Dans ce cas, une évaluation statistique doit étre effectiiée.
Il cqnvient deynoter le nombre d'échantillons de capteurs ainsi que la date de I'évaluation.

71.2 Echantillonnage aléatoire

Les exigences relatives a |'échantillonnage aléatoire prennent pour hypothése que la
caractéristique suit une distribution gaussienne. Tous les capteurs choisis pour les essais des
caractéristiques doivent appartenir au méme jeu de production. Un nombre significatif
d'échantillons (au moins cinq) doit étre choisi. Le résultat d'un essai par échantillonnage
aléatoire est valide pour un jeu de production.

71.3 Essais de type

L'essai de type est un essai par échantillonnage aléatoire selon 7.1.2. Ici, le résultat des essais
d'au moins cinq spécimens de ce type est déclaré valide pour tous les jeux de production.
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