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FBG Sere

Section I: Fundamentals

What is a sensor?
A sensor is a device which converts any physical measurand of
interest (pressure, temperature, stress, etc.), into an alternative
form of energy (e.g. electrical or optical signal) which can be
subsequently processed, transmitted and correlated to the
measurand of interest.

It's the means to an end...
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Why Do We Need Sensors?

In any given process or operation, a system needs to
perform a given function which requires to qualify and/or
quantify the condition of one or multiple parameters.

These parameters are, in general, physical measurands
which need to be measured and processed so that the
system can carry out its function.

Systems sometimes also require to convert one type of
stimulus (measurand) into another type of energy
(response). Hence, sensors are also used as transducers.

Typical Structure of an Optical Fiber

Over 30 years of R&D, testing
Product development and
broad commercial use in
telecom industry!

* Lighl is Guided
bi Tolal
Internal Re Mac lion

' " co re > r c H d

FBG Sensors Shwfcourse A Mendez

Advantages of Fiber Optic
Sensors

Galvanic isolation

EMI immunity

Intrinsically safe
Passive: no need for electrical power

Possibility of remote, multiplexed operation

Small size and lightweight

Integrated telemetry: fiber itself is a data link

Wide bandwidth

High sensitivity

Fiber Optic Sensor:
Basic Configuration

SOURCE-LED LASER

OPTICAL FIBER

COMPONENTS TRANSDUCER

E=EO cos(kz -cot)

Sensing is based on detecting a change in one or more
of the light wave properties:

phase
-equency
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Basic Optical Modulation
Techniques Fiber Sensor Types

INTERFEROMETRIC
- Measure optical phase difference between two lightwaves (Sagnac,

Michaelson, MachZehnder)

INTENSITY
- Alteration of the guided light power

RESONANT
- Measure optical resonant frequency of an optical cavity (Fabry-Perot)

POLARIMETRIC
- Measure state of polarization of guided lightwave

SPECTRAL INTERFERENCE
- Measure frequency of lightwave interfering with a periodic structure:

Fiber Bragg Grating (FBG)

FBG Sensors Shwfcourse A Mer

Classification of Fiber Sensors

DIRECT
(intrinsic)

INDIRECT
(extrinsic)

HYBRID

LASER

" ~

LAOEB

LASER

SOJRCE

DSTSCIOR

™™AL <

1 1

: 1
i 1

1

i

Fiber itself is the
transducer

Transdw
icts on the fibei

Fiber carries
lightin and out
of the device

Fiber Sensors Configurations
Single-point sensor \>\-

Multi-point (quasi-distributed) sensor
Sensing element

Distributed sensor
Multiple sensing points

Continuous sensing element

12
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Section II: Fiber Bragg Grating
Sensor Working Principles

Fiber Bragg Gratings:
Operating Principle

A Fiber Bragg Grating is a periodic change of the refractive index in
the core region of an optical fiber.

grating period ~ 1/2000 mm

..-optical fiber

<-»-> i

:

fiber core
(diameter5-10fjm)

refractive index

Fiber Bragg Gratings:
Operating Principle

Photo-Imprinted
Grating

Reflected
Signal

Input Spectrum

Transmitted
Signal

Transmitted Spectrum Reflected Spectrum

Fiber Bragg Gratings:
Transmission & Reflection Spectra—Sin

H

ivi i-1 ^'3? is "i 'sir

I r
rP
tL
r Transmission
r"i "~i i i i

KH1EB tbJB hi 'rti ' *— ' £PFri 11 it n. '
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>
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X
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\
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Fiber Bragg Gratings:
Fiber Arrays & WDM AddressAddressing

Broadband Input

- 1 ^ • ,
Input • » -
signal f . _

Reflected
signal

S<1 Jfi*s

I

2n A, V ^ Aj J.s= 2n Ag

J'u X JL
A , * 2 ^ 3

Output Spectra

Each grating sensor is at different fiber location and allocated a separate
central wavelength and spectral operating window band.

Fiber Bragg Gratings:
FBG Arrays —Multi-Point Sensing

.•fleeted Signals • v /'<^m

th nswelengths J \ .
?., and ^ : -^___^

MIL

C rat ings •'

ec Optic ^ 7 ^ !

Spool with FBG Sensor Array - 100s of FBGs
positioned at discrete points along a single fiber.

\

Fiber Bragg Gratings:
Transmission & Reflection Spectra —FBG Array

-_J:i IIR: nsi
8. Irmr S£MS:H1GH 1 WO: SUPLiftUTu

" Transmission

Reflection

Fiber Bragg Gratings:
Benefits & Characteristics

Advantages

Wavelength Encoded
Self-referencing
Linear Output

Small and Lightweight
WDM & TDM Multiplexing
Mass producible
Durable
Single- & Multi-Point Sensing

Disadvantages
• Thermal Sensitivity

• Transverse Strain Sensitivity

• Lack of Standards

• Limited Suppliers
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FBG Formation
UV Exposure Time & Strength

— Increases spectral width
— Increases peak reflectivity

FBG Length
— Increases peak reflectivity

FBG Sensors Shwfcourse A Mer

FBG Spectral Characteristics

Bragg Condition -} XB = 2neff A

Index Modulation -> no(z) = no + 8n sin (2TCZ/A)

Peak Reflectivity -* R(XB) = tanh2 (KL)

Coupling Coefficient -} K=7lT|8n/A,B

r| Overlap integral of guided mode

@

A

2 3 ICTP Winter Colle

FBG Sensors Sho

FBG Types

Type I
Most common type, characterized by a
monotonous growth.

Type II
High power, single-pulse written
gratings. Also known as "damage"
gratings because of the core-cladding
interface damage introduced.

Type Ma
Start initially as a Type I grating, but
reflection then decreases followed by
a subsequent growth.

T) ... „!-
En i

ID"' fl
Typ

1 •
•

1 /

•

Tfp\ II
. . . i . .._.

!

10 20 30 40 SO

Pulse energy (mJ)
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FBG Fabrication:
Photosensitivity Mechanisms

Without Hydrogen Hydrogen Loaded
Positive index Negative index Core-cladding
change (Type I) change (Type II a) '"'"rface damag,

(Type II)

Positive index
change, OH group
formation

Index change: 1CH-10-3 Index change: up to 10"2

(Nonlinear dependence of index on fluence) (Linear dependence of index on fluence)

Oxygen deficient defect-related
structural transformation of glass

Writing wavelengths: 240 nm, 330 nm,
also 193 nm

Introduces birefringence when writing
with polarization across the fiber

Photochemical reaction
of hydrogen with Ge-0
bonds

Writing wavelength: <310 nm
(the shorter the better)

Requires hydrogen outgassing
which changes index by ~ 1 &3

After D. Starodubov

FBG Fabrication:
Fabrication Process

Photosensitive Fiber (Ge, B)

Photosensitization (H2 Loading)

UV Laser Photo-Imprinting

FBG Fabrication:
Fabrication Steps

Hydrogen Loading

Coating Stripping

Laser Writing

Apodization

Thermal Annealing

Recoating

Testing

FBG Fabrication:
Intra-Core Fabrication Methods

• Phase Mask
• Interferometric
• Direct
• Draw Tower
• Reel-to-Reel
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FBG Fabrication:
Phase Mask Technique

Phase masks are surface relief
1 gratings etched in fused silica,

that creates an interface pattern.

Excimer laser source
(KrForArF)

Mounted FBG phase mask

Phase mask

- 1 order +1 order

Optical fiber

FBG Fabrication:
Holographic Side-Exposure Technique

Coherent UV
Beams

FBG Fabrication:
Draw Tower Technique

Silica Ge-dopedfor
high photo-sensitivity

Fiber recoating

- Single laser pulse writing

- Large FBG array count

- High mechanical strength

- Close FBG spacing - 1cm

- Low reflectivity < 15%

FBG Fabrication:
Direct Write Technique

CCD I L \
Camera I P A

Attenuator i

fs Laser

Index modulation on fiber's core

From
LED ' n u n o

Translation stage

- Direct index tailoring
- Widely variable pitch achievable

To
OSA
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FBG Fabrication:
Reel-to-Reel

- Automated stripping, recoating & winding
- Continuous Write Sequence
-1520-1570nm X range (0.5 nm spacing)
- Arrays with 100s of FBGs
- No Contamination—hands free
- Color Coded sensor regions
-100% inspection

33 ic

FBG Fabrication:
Photosensitive Fiber Types

Standard Mode Field

Photosensitive Clad

High NA
(3 5 M m MFD

Fiber Grating Spectrum

Alter B. Morey

FBG Se'rSors ^ho^Course A Mer

FBG Fabrication:
Apodization

Tapering of the amplitude of the
refractive index modulation

along the FBG length.

DC Apodization

• Increases n at FBG edges.

• Eliminates Fabry-Perot modes on
short Aside.

AC Apodization

• Tapering of modulation envelope.

• Eliminates out-of-band reflections.

Fiber Bragg Gratings:
Key Parameters

• Optical

- Wavelength spacing

- Full Width Half Max (FWHM)

- Isolation
— Apodization

• Mechanical

— Proof test level
- Strip length
— Recoat quality
— Recoat material (acrylate or polyimide)
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Sensor Response

Fiber Bragg Gratings:
Strain Response

Ipput spectrum

returned signak

under high T or £

with no effect

FBG

FBG Sensors Shwfcourse A Mer

Fiber Bragg Gratings:
Strain Response

Resonance condition: 2 n A

w/axlal Strain: A>.B = 2(n.AA + A. 8tl)

L&ngtb change -* ' ' N- Strain-optic effect

Fractional change in wavelength

R - Pockel's (strain optic) y - Poission's ratio
y coefticienls

) !•" p = O.22

Fiber Bragg Gratings:
Temperature Response

Thermal Thenmo-optic
expansion coefficient

a i

I
ST

= 0.0107™

Wavslength 1

/

J

--

!

-

T

„...,..,
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Fiber Bragg Gratings:
Pressure Response

A/\R;XR = ALA + an/n = c2 +• zin/n

= £z - j [e, (P,, i P,2) ! € ;P

= 0.715 62 -0.418 6,

^ 0 . 0 2 9 2 ^
&P psi

, ' 41

2 | Js.7.70-

0 100 « 0

1 iitfTi
"•• P i t ••
1- 1 ••

: ifl ::

PBSSu" S i " ™ ™° " "

grn ||

in..
FCBTGPSn"S,CS°S.u,,, A M,nd,«

FBG Strain & Temperature Gage
Factors

AA= kAP)A

@ 1550nm wavelength, then:

Fs

LJ_

= AA/As =

= AA/AT =

P

£

A

A

= 0.79 A

= 6.3x10"6

=

A =

1.2

10

pm/|J8

pm/°C

FBG Response as a Function of A

1!

n
Slrain (|JE)

! ri

flfl

0.6

0.4

0.2

0.0

-O.2

-0.4

^ 0 -20 0 20 40 60 60 100

Temperalure Change (°C)

LongerX results in GREATER sensitivity!

FBG Strain Gradient Effects

i iiimmii

A non-uniform strain field acting
along an FBG will produce "chirping"
of the grating giving rise to a pulse
broadening and/or superposition of
multiplereflection peaks.
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FBG Transverse Effects

=>

in L n i o i n m L D i o o

Wa v ele n g t h (n m)

Any transverse strains,
Acting on the fiber, will
develop an unwanted
FBG reflection peak.

FBG Dual-Axis Strain Sensing

I

In a birefringent fiber (Panda, e
core) two separate, orthogonal
FBGs will be formed—one for
each polarization axis present
in the fiber.

FBG Sere

FBG Dual-Axis Strain Sensing:
Double FBG Approach

AA Ml
Increasing axial strain

AA

Peaks shift.

Peak separation
widens...

Fiber's axes of
polarization

Dual overlapping

FBG Strain Rosette:
Polyimide patch packaging

Conventional foil strain rosette
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Other FBG Types

Types of Fiber Gratings

TYPES

Simple FBG

LPG

Chirped FBG

Tilted FBG

CHARACTERISTICS

Uniform grating spacing—meets Bragg condition

Longer grating periods—couples light into cladding

A tapered or graded grating period—reflects
multiple wavelengths

Gratings written at an angle to the fiber axis

Chirped FBG

fiber
core

grating period, A

Bragg
condilion chirped

fy> = 2 nvxi ,, gralirvg

nun 1111

A varies along grating length

reflectivity, R

linear
chirp

Tilted FBGs (TFBG):

Transmission of a TFBG with slight tilt (< 4°)

1545 1550 1555 1560

Wavelength (nm) A l t e r J A l b e r t
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Tilted FBG:
Resonances & Fiber Modes

Long Period Grating (LPG)

Sensing based on interaction with cladding modes

Transmission Spectrum

1 JOB 145O 3 500

Wavelength, nm
54

55O I GOO

i

A Different FBG Approach:
Surface Relief Grating

• Grating is photoiithographicaiiy defined
• D-shape optical fiber use as platform
• Surface relief etching defined on fiber's flat region

Surface Relief Grating:
Operating Principle

Grating depth ~100nm

Surface relief acts as a periodic
grating

Coupled light interferes with relief in
the same way a regular FBG does.

SRFBG can be re-coated or
protected via glass sheath.

SEM of Actual Fiber Grating

D. Selfndge et a I. BYU

Page 14



Surface Relief Grating:
Fabrication Process

• Start with a D-shape fiber

• Etch section of fiber

• Spin photoresist onto fiber

• Expose photoresist

• Develop photoresist

• Transfer pattern into glass

v ^
j Unetched fiber .

«\ \ 1
/ Etched fiber

«\ \ 1
/ Coated with Photoresist i

j Grating in photoresist t

j Etched grating l

FBG Thermal Decay

The reflectivity of a grating disappears as temperature increases
as a result of defect annealing and structural relaxation

100

90

80

70

60
HBtlacliuily

|%) 5fl

m
30

X

10

\

•m o D o ^ ^ ^

T̂ 19"C * / \ -

\ / IJ4SS 1.5630 1,5639
V V j T=7M-C

1.5SM 1J6« 1-S6W \
T-»< °C \

200 400 GOO 800
TBftipflC) After B. Morey

i

High Temperature FBGs:
Alternative Types

• Chemical Composition Gratings (CCGs)
(Acreo, Sweden)

• FBGs written on N-doped, pure Si fibers
(Business Unitech, Russia)

• Surface Relief Etched Gratings
(Brigham Young University

Multiplexing
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Wavelength Division Multiplexing
(WDM)

- Each FBG is written at a different X
- Number of sensors limited by X band available

[LS]
Emitted light Reflected light

Etalon

CPU MIL
Remaining light

Alter K. Sugclen

Time Division Multiplexing
(TDM)

Pulsed
Source Coupler #1 *2 *3 A #n-1 #n Sensor Array

time

#1 #o #:2 #3 #n-1 #n
j Interrogator |

time

Multiplexing based time-gating
Low reflectivity FBG sensors required, to avoid cross-
coupling
Each FBG sensor is at same or near same X
Sensor identification based on travel time

sS2o r
r
S

C
Shor tCou r S e A h

Spatial Division Multiplexing
(SDM)

• Optical switch used to select sensor channels
• Channels can be serially multiplexed
• Control signal required for optical switch

Optical
Switch.

Source Coupler

Demodulation &
Data Acquisition

Sensor Arrays

Switch Control Signal

Sensor Interrogation
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FBG Interrogation Methods

' Direct Spectroscoplc

M i nialure CC D spectramete t
Fourier Transform spectrometer

• Fatlametrlc Uttering

Edge Utters
WDM couplers

Fabry-Perots
Acausto-optic fitters

1 Interferomelric detection

Fibsr interferometers
Planar tOCs
Fiber FTS

Slmphf limited resolution
(can be enhacett)

Simple, low resolution

Simple, high resolution,
inherent WDM capabilities

More complex, very high
resolution.

FBG Interrogation:
Ratiometric Detection

component

output

FBG Interrogation:
Tunable Fabry-Perot Filter

Detector

Ftef. FB3(T=const.)

Optical FBG Interrogator:
Micron Optics si425-500

MICRON
OPTICS

Features
• 250 Hz Scan Rate

• Integrated Optical Source and PC
• Measures 512 Multiplexed Sensors
• Convenient Ethernet Interface
• Four Optical Channels

Accuracy
• 1pm Resolution

• Super high resolution:
(<0.2/je, 0.02-C)

• Continuous x Calibration
• 2pm Repeatability
• 1520 to 1570 nm range
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Optical FBG Interrogator:
Micron Optics sm130

Features
• Small size & lightweight

• Ideal for Field Use

• 1KHz real-time interrogation

• 80nm wavelength range

• 1-16 channels

• Super high resolution (< 0.2|ae, 0.02°C)

Multiple sensors (> 200/channel)

MICRON
OPTICS

FBG S e n s o r s S h o ^ C o u r s e A M e n d

Optical FBG Interrogator:
Ibsen I-MON

Min i ^FBGspadng

Wavelength range

Resolulicr -1Z :2r -put:•:'-.&-;'

=, . ; ;> ! , : . . . ; . : v|.: ^

Wstftatfhdnfl1"1

rftnam rang^

hfeteJ.fet«

Pcwsrcoigirrplbi

SE3(L(W>:D!

Waght

i m i:25-1581

! 1

pm gnorras.

van ipnux)

CB 3D

CBm -Wb-Ift

w mua

m 7D.4SH:

S 150

•c Jiitoss

L'-J 1 - ' ^ ' 1 • .-• 4- - • 1 • - . • • _ • ; \ ; . i ^ — &

"BG * r ,a .™ *

Optical FBG Interrogator:
Axsun SpectralEye

Handheld FBG interrogator

II

Mln

S 1527

HIH—-

Max

1 1M7

Jn

Units

—di~
pm

C.

Mir.

Z t W X 1 ^ k g 4 b i n r r l

FBG Sensors Short!

FBG Interrogation:
Frequency Response
Measurement [) I kHz

1 Rf^piifw lime}

Afi'ln.Hi •"
fields

Duloclinn

L *•*•••• J

nuiniiLH-iiijL few Lar̂ e

l-v .nlnMjuctuna

i runTL-mijna] OSA)

pmnsf

afhiehtuiidJitEi.

luiublc filler drven

wnue

Wiv«lettgili jwecpin^ hy mechanical

| m ^

erpcMfofeta
irolkyaMt.

• Impact (laniape
dElcclion

- Hydrophnnn
• Atomic emlwion

Cimvcision of wavelength shift iflio

1 wiihoul mwhjiniuj
jh (ifUkal nitenjig
movijig jails
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Wavelength Spacing
Considerations

(±2SO0fislrain)

| N , 6 (36 nm source BW>

AXB = i t.Snm {±

N . 15 (36 i\m source BW)
Alter A. Kersey

FBG Sensor Overlap

FBG #1 FBG #2

In the overlap state, demodulation system is not able to
discriminate between each gratings'peak

FBG Sensors Shwfcourse

Temperature Compensation

FBG Thermal Compensation:
Dissimilar thermal expansion coefficients

Silica tube Mela tube
(low CTE) grating (high CTE)

rr̂  i, A^ nter

Simplest passive athermal
design would beto use
packaging materials with null-
differential thermal expansion
or complementary CTEs

epoxy

IBMr 1

J

n o e f 1 1 • 1 • 1 • • • 1 1 • 1 1 • 1 1 i • • •

-» a M •« eo TO

By Yoffeet al,

7 6 ICTPWinter College
FBG Sersors Short Course A Mendez
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FBG Thermal Compensation:
Dual Wavelength Technique

1 \, 1—
L_k_l—

I"
___

onm

l.t 11

: : !

r
OfHieal

coltocated EBaln. £

i

Tairperatura, T

1.,-aSOnm i j - t t K H O T

f

- . 1

-1

FBG Thermal Compensation:
FBG/LPG Combo Technique

UJO

1LP

FBG Thermal Compensation:
D u a l G r a t i n g T e c h n i q u e

Strain Relief Tube

Bragg Grating @ A1 Bragg Grating @ H,
(Strain Sensor) (Temperature Sensor)

Sensor Construction

±1 ,

5"

FBG 2 (T only) FBG 1 (CT + T)

Metal block (4130 SS)

Cross-section

0.5'

Optical fibei

*" UteLhane coaLiny
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Compensated Strain Sensor:
FBG Reflectivity Spectrum

2 -25

MOIA011 - Reflection Spectrum

\̂

FBG (1)

[\

N

n

1 p /\

J

A Temp only\1

"1 !
1530 1531 1532 1533 1534 1535 1536

Wavelength (nm)

Examples of Commercial FBG-
Based Sensors

Direct:
- Strain

- Temperature

Indirect
- Pressure

- Acceleration

- Displacement

- Humidity

- Chemical

Displacement meter

Novel FBG Strain Gage

Geiiei al Specifications:
Lot Number: FP1-0607001
Gage Type: Weldabk Strain Gage Patch
Gage Factor(FG): See Table
Gage Factor Tolerance: ± 1.0% at 21°C
Gage Length: 24mm
Operating Temperature Range: -40 to 120°C

(150nC Start Term)
Strain limits: -W- 2500 pmha
FatigueLife: > 20x10* cycles, ± 1000 (im/m
Uimeiisloiis'. ^ D Tnfii x o Tntn x 1 turn T -

Pigtail Leugtli: 1 in i 10 cm
ConnBrtors: (Optional) FC'APC „
Weitbt: 1.1 g

Optical Specific atious:
Fiber Type: SMF-28 Equivalent
FWrniBandividtfa: .25nm±_0an

Side Made Suppression: >L2dB

MICRON
OPTICS
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FBG Sensing Issues

Lack of FOS Standards
FBG Sensor Issues

There are no existing industry
standards for FBG sensors or the
instrumentation to interrogate them.

The accuracy of a particular
instrumentation system is dependent
on the "structure" of the FBG used.

A given FBG sensor will provide a
different level of performance
depending on the interrogating
instrument used.

FBG Sere

Lack of FOS Standards:
FBG Sensor Issues

Filter/Scanning
Laser

(Continued)

Zero
^/Crossing

Spectrometer — Mean
fi\ Calculation

Diverse FBG Instrumentation. Pixel

Differences in optical parameters effect the ability of the
interrogation system to accurately track wavelength changes

Different vendors use different interrogation techniques.
Hencedifferent response ranges, resolutions, sampling frequencies.

FBG Sensing:
Components Cost

FBG single sensor cost - $50 to $250 USD
- Better quality, higher cost

FBG array cost - $1,000 to $10,000+ USD
- Depending on # of elements
- Mechanical & optical characteristics
- Cabling

FBG packaged sensor cost - $250 to $2,500 USD
- Depends on type, functionality and environmental specs

Instrumentation - $10,000 to $50,000+ USD
- Varies depending upon capabilities
- Number of optical channels - increase cost
- Number of sensors per channel - increase cost
- Sampling speed-increase cost
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Section III: FBG Sensing
Applications Structural Health Monitoring

Stress/Strain Sensing FOS

Bondable

Hand Installation

Care required during

installation

Protection against

humidity and elements

Weldable Embeddable

Premanufactured, easy to install

Sensor encapsulated in stainless steel

container

Do not require protection against humidity or

the chemical environment of concrete

(embeddable sensors) S—BISC™,

Bridge Decks

FBG sensors used to monitor strain patterns (vibrations) and
strain distributions

- Monitor for structural decay

Bridges experience surface corrosion of steel girders along with
reinforcing concrete

- Salt for snow removal, and excess loading caused by increasing t ruck travel and
weight

FBG's provide cost effective monitoring solution, due to ease of
installation at long lengths, and long life expectancy
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Bridge Deck Supports

To date, multiple bridges
have been outfitted with FBG
sensor monitoring systems.

Monitor loads on the girders
during the construction and
over an extended period of
time.

Blue Road Research outfitted
Horse Tail Falls bridge with
FBG's by placing sensor
assemblies within the beams
to monitor internal stresses
of the bridge.

Historic Horse Tail Falls Bridge,

Oregon. Built 1922

Bridge Piles

Embedded FBG Sensors
Survivability of sensors
throughout installation
process

Traffic Monitoring

Vehicle classification,
weight in motion
Combined with video
cameras could allow
specific vehicle
identification

Left to Right: Minivan, SUV,
Car, Pedestrian

20 25 30 35

Tim* [ i ]

Composites
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Smart Structures - Materials with
Integrated "Nervous System"

Carbon Fiber Reinforced Polymer Composite
with embedded fiber optic Bragg grating sensor

graph: DaimlerChrysler

Embedding Process

Graphite epoxy
-Laminate

-Winding

Composite piles
Polyurethane
extrusion
Others

I

Pressure Vessel Monitoring

• Leak detection

• Fatigue and integrity
monitoring

Applied pressure and the measured wavelength vs

J.10

Ipeak
1554S _

154,4 |

15543 «

15542 |

1554,1 |

1554 S

1553 =

10CO 2X0 3000

lime (s)

Aerospace
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Aerospace Applications

Maintenance and repair of military aircraft
comprise more than 50% of total ownership costs!

Structural integrity
Wing Shape Design
Analysis
Acoustic Crack Emission
Hydrogen Sensing
Monitoring of:

- tail rotor loads
- fuel tank pressure
- cryotanks
- flight control
- position of landing gear, flap

and rudders

Wing Shape Monitoring

Use fiber optic sensors to
measure wing deformations

- Unmanned Aerial Vehicles
- Smart Wing program

Push and Pull Loading of Plate based on Frenet
Frame Matlab analysis with 12 Longitudinal Sensors

I

Acoustic Emission Crack
Detection
Advanced aircraft structures
susceptible to degradation and
damage over airframe's life
cycle.

Goal was to detection structural
cracks in Naval aircraft.

Structural cracks produces an
acoustic signal (stress wave).

First to detect pencil lead
breaks with FBG sensors

FBG

Navy Vessel Monitoring

British Research Vessel (R/V)
Triton

- Developed by the British Navy to
investigate design and performance issues

d with large-scale trimarans

R/V Triton is the only trimaran of
its type and size in the world

Install fiber optic structural
monitoring system alongside the
conventional electrical system

- Compare the performance of the fiber
optic system in a true working environment

Page 26



Vessel Monitoring

51 Fiber Bragg gratings were

installed on 13 individual

structural members for a 10-

day heavy weather sea trial

Primary sensors (100 Hz)

- Bending of stiffeners

- Deformation of bulkheads

Secondary sensors (1600 Hz)

- Wave impacts

Surface Mounted
Fiber 9ragg Grating

Flat Pack Mounted
to Dummy Block

Chemical & Bio-Medical Sensing

Hydrogen Sensing

Palladium-Coated FBG:

- A mechanical stress is induced in
the palladium coating when it
absorbs hydrogen.

- The stress in the palladium coating

stretches and shifts the Bragg

wavelength of the FBG.

FBG. Pd

IIIIIIIIIIIIIIIIIIIIIII

FBG Refractometer for
Monitoring Petrol Products

Analyte n A

Embedded side-polished

single mode fiber

OZ91,OZ98- Octane
numbers of Petrol
products
SPO- Spindle oil
LMO- Light machine oil
DAO- De-Asphalted oil
of Furfural extraction
product

n A * H 9
 B h a n o 1 ozgi QQ

H
 n

2 26%NaCI/H^) OZ98
Source: IPTH, Jena
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Patient Monitoring:
OFSETH Project

FBG sensors

Monitoring or cardiac
and respiratory rhythms
in healthcare patients

#

59 FBG Sensors
embedded into a
special textile

OFSETH Project

Electric & Magnetic
Field Sensing

FBG si'reor^ShortCourse A Mer

Piezo-Optic Voltage
Transducer

E ° 0
Deformation
due to E-field

Quartz or
piezoelectric material

Fiber with FBG

A FBG wrapped around a piezo measures the change in the disc
circumference. This is a measure of the field strength.

Magnetic Field Sensor
MAGNETOSTRICTiVE EFFECT

• FIBER BONDED TO
MAGNETOSTRICTIVE
TUBE OR MANDREL

• MAGNET0STH1CTIVE FILM
DEPOSITED ON FIBERS

• METALLIC GLASS STRIP
BONDED TO FIBERS

METALLIC GLASS CYLINDER

FBG is stretched
upon application of
A magnetic field

Page 28



H-Field Sensors:
FBG with Metglass strips

Current Sensors:
FBG with Metglass strips

Blrlp

:

FBG Sensors Shwfcourse A Mendez

Energy & Power Industry

Dynamic Thermal Rating:
Vibration Sensor

BGs and an inertial mass are used
:o detect line vibrations.
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Load Monitoring in Wind
Turbine Blades

FBG Strain /Temperature
Sensor Pads

Power Generator Monitoring
Temperature & dynamic strain (vibration) monitoring of

* Generator winding

• Current bushin

Oil & Gas Industry

Oil & Gas Industry:
FBG Sensing Applications
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Downhole Pressure Sensor
Multi-Point Sensing:
FBG Arrays for DTS Measurements

1-HSU
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_ /
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/ 1
' V

V
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FBG Sensors Shwfcourse A Mer

Downhole Acoustics:
Applications

Configuration:
> Interferometric measurement used to acquire acoustic

frequency and amplitude at each section (between two FBGs)

Laser di

time

Applications:
> Flow Regime Identification
> Sand Detection and Management
> Identify/monitor cross-flow between zones
> Apparent Flow Velocity (active or passive)
> Casing deformation measurement/monitoring

Downhole Acoustics:
(for Sand Detection or Flow Regime Identification)

Install (in annulus) through Install (production tube)
existing 14" tubing using coil tubing
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Conclusions
FBGs are small and robust optical devices that can be
used as effective single- and multi-point sensors.

FBGs are simultaneously sensitive to strain, temperature,
pressure & radiation effects.

Intrinsic temperature sensitivity is approximately 10x
stronger than strain sensitivity.

Strain sensitivity of an FBG is also affected by the
encapsulant, packaging and mounting used.

Temperature compensation of FBGs is needed in order to
ensure, repeatable & reliable strain measurements.

FBG Sensors Shor?Cc

Conclusions

FBG sensors are attractive due to their multiplexing,
self-calibrating, wavelength-encoded nature.

FBG sensors offer the possibility to perform on-
line, real time measurements and condition
monitoring of a variety of parameters.

Open ended architecture allows for additional optical
sensors to be applied as they are developed.

FBG performance is tied to the interrogation
techniques.

Conclusions

Many new unique applications.

Cover broad range of disciplines.

There is a need for industry standards.

Difficulties in market acceptance due to:
— Lack of standardization
— Lack of technology knowledge
— Inherent "fear" of fragility
— Lack of experienced installers and system integrators
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