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Reminder (Optical strain sensing)
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- Fibre Bragg grating (FBG)

- Long period grating (LPG)

- Chirped fibre Bragg grating

I

Distributed

sensors

- Raman scattering

- Rayleigh scattering

- Brillouin scattering

- Tilted fibre Bragg grating

Sensing technology Transducer Type Sensing Length Spatial Resolution Physical Effects Measured

Raman Distributed 1to 37 km lcmtol1l7 m Temperature

Brillouin OTDR (1) Distributed 20 to 50 km ~1lm Temperature and Strain

Brillouin OTDA (2) Distributed 150-200 km 2cmto2m Temperature and Strain

Rayleigh Distributed 50-70 m ~1mm Temperature and Strain m
Bragg Local ~ 100 single points 2 mm (Bragg length) Temperature and Strain \\\JK
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Rayleigh example

B: FINAL - progressive pressure

Total Deformation

Type: Total Deformation

Unit: mm
Time: 105
24/05/202410:27

0.022397 Max
B 0.019%09
0.01742
— 0.014931
—1 0.012443
— 0.0099543
— 0.0074657
0.0049771
H 0.00243886
0 Min
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Rayleigh example
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Reminder about Fiber Bragg Grating

Working principle
e Discrete strain measurements e Multiple sensors on a
e Integrated strain over the grating single array
% (1= )+ (ot CIAT e Immune to magnetic fields
Ap e No k factor variation

pe = 0.22 photo sensitivity of germanosilicate fiber
Eqx = axial strain

a = Thermal expansion coefficient of fiber

(s = Thermo-optic coefficient of fiber

e Curvature limitations

e Delicate compared to
accelerator structures

e Apparent strain with
temperature
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Context of the hands-on session

Strain measurements on the beam pipe during pumping
operation at room temperature to assess FEA model
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Reminder (FEA model)

What is the expected strain to be measured for a known force applied ?

Analytical calculations

b X h?
F=mxXg M, =F X1 Wy, = 6
M, 6xmxgxl
o=—=¢XE &=
Wp bx h? xE

IfF=2N =124 uym/m

FEA simulations

A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time:1s

240 mm 0.00018896 Max

0.00016797

A 000014697 B

0.00012598

000010498 °

v 8.398%e-5
6.2994e-5 @

14 2mm 4,1999e-5 Node 15307

2.100de-5

8.9468¢-9 Min

b 160 mm [ ] 20 mm
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DISCLAIMER

This procedure was developed only for education purpose...
Bonding process is not applicable for cryogenic application.
For specific application, do not hesitate to contact us

mme.mechlab@CERN.CH
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mailto:mme.mechlab@CERN.CH

Optical fiber bonding process

\ Sample \ Grating \ Fiber \ Fiber bondin N Fiber \ Optical
cleaning identification installation g protection connections

240 mm

-1 160 mm

Determine the final position of the
I »mm o grating with a marker first and with a pen
in a second time.

4
v
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Optical fiber bonding process

Grating Fiber Fiber bondin Fiber Optical
identification installation & protection ' connections
4 & 7 4 4 Y 4 4

240 mm

70 mm -1 160 mm °

to remove all the pen traces. Do it from
the cross to outside.

I Clean the surface with the chemical agent

mouau

NEREEnnmt
\DnnEnEw @

cooonny
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Optical fiber bonding process

Optical

N N N
. Fiber bondin .
installation . g 4 protection / connections :
p y 4 y 4 y y

—

240 mm

»

70 mm

160 mm

Unpackage the fiber and identify the
I omn grating position on the fiber.

v
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Optical fiber bonding process

N . - N
Fiber bonding - - Optlcg
Z / protection / connechons/
y A y

240 mm

—

Place the fiber and the grating on top of the

1 o R I 20mm cross and go down slowly. Ask to you
ah > colleague to install a fix point with Kapton
tape on the long side!

Tools requested
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Optical fiber bonding process

N Fib Optical A
_ ‘ iber ptica
// Fiber bondlng/// protection /// connections /

240 mm

—

70 mm -1 160 mm °

I Coating removal operation.
20 mm

This operation will be done by the helpers !
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Optical fiber bonding process

—

240 mm

N . - N
Fiber bonding - - Optlcg
Z / protection / connechons/
y A y

70 mm

— 160 mm °

and clean again the specimen.

I Clean the fiber to remove burned dusts

Du‘it
yourself
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Optical fiber bonding process

—
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Optical fiber bonding process

Fiber Optical '
protection 4 connections -
4 v A v

1) Lift-up the fiber to place, place the Loctite activator and one drop of glue on the cross.

2) Place back the fiber in the glue with a small tension with your hand.

3) Ask again to you colleague to install the second Kapton tape to keep the tension on the fiber.
4) Apply a pressure during 2 minutes on the glue and the grating with your finger and the Teflon layer (é

Do it
_ yourself

e
£ e

B A / Y 7 4 /e

E

| . &
ools requeste “’%"
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Optical fiber bonding process

; N
Optical
connections y
y y

Add Kapton tape to keep the fiber in a safe position, take care to the extremity of the
specimen (sharp angles are very dangerous for fibers)

Tools requested

05/06/2024 | PRACTICAL SESSION - Static strain Measurements




Optical fiber bonding process

1) Clamp your specimen on the table
2) Connect the FC-APC connectors to one channel of the interrogator (Take care to the

orientation of the connector)
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Take a deep breath
and enjoy your measurement now !
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Software settings

* In the software, click on the “Optical Functions” and launch a
new scan When all the f/bers are connected

catmanAP V5.6.2 [University versio - 7 X
DAQ chan Video DAC jobs Visualizatio Dataviewer Sensor EasyScript editor Cockpit @ @Analyze measurement data %Design mode %Window‘ @Help'
% i [f], ( 0 \i’ ﬁ |:| Update autornatic IIy ¥ min |0 Auto scaling QResetzoom
o 1 1
v o4 [Jde max | 101 [] Mark data points E Export...
To Mg Lock Unlock peak Range per | Update
devicel scan heaks mapping peak Mark peaks SEVE
ew Ca n onfigurstion Spectrum
I B Analyze spectra of device FS22DI1_1 Command window R
Optical spectrum of fiber CH2 20/03/2024 14:53:20
CH2 ‘ |'|
100% i
|| = send
0% ~

ngth

Choose a channel _
per person

Signal stre
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Software settings

* In the software, back to “DAQ Channels” and start the
measurements

DAQG channels Video DAG jobs Visualization Dataviewer Sensor database Optical functions EasyScript editor Cockpit
" H a - = - . cr-;
=Ji Rename E E F/J:: % {4 Adaptation @ ftx) A Edit "3/‘ o
'7 Sample ~ : [}Edit X Delete
[ Active Display Configure TEDS Sensor gy Execute MNew . Configure Assign  Additional
wg Live update - i filter . . B VY . _S Auxiliary channel i functions
Channel Sample rates/filter Sensar Zerobalance Computation channels Limitwvaluesfevents Special
Configure DAC channels Devices: 1 Hardware channels: 3 [Live update active]
] Channel name Reading Sample ratelFilter SensarFunction Ferovalue Limit value monitoring
1 |4 -
FS22D1_1 [10.0.0.150]
5 % FS22DI_1_NTP_TIME & 1710951057.7469 (kv 50 Hz / Filter: Off MTP time stamp 0.0000 s
] ‘f F322DI1_1_DIAG_SECQ_MUMBER & 1.0000 kb 50 Hz/Filter: Off Data packets received 0.0000
7 | & ‘E FS22DI_1_CH_2 Sensor_1 & 1530.0806 nm k50 Hz/Filter. Off Q COptical fiber sensar 0.0000 nm
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Measurements B

1) Add the mass support and measure the initial wavelength

of your grating after the bonding process in free-free

conditions :
A0 = nm

2) Please to measure the wavelength of your grating with a
different mass centered on the central point of the

m

specimen :

nMm

A400g = n

= nm

HINT : Do not hesitate to build an Excel spreadsheet with all your values, calculations and answer to the questions !
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Measurements B

3) Assuming no temperature fluctuation during the
measurement, please to calculate the strain measured by the
Bragg grating with masses applied at the extremity ?

4) Calculate the sensitivity of the sensor.

5) Please to share your results with your colleagues in your
group. Compare your results with the analytical calculations
and the FEA simulations.

6) Change slightly the supporting conditions of your specimen
and repeat the measurement at 200 g, what we should
conclude ?

HINT : Do not hesitate to build an Excel spreadsheet with all your values, calculations and answer to the questions !
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Additional questions...

7) A colleague from the Vacuum group ask me to perform the
same measurements at 1.9 K and inside a strong magnetic
field (12 T), could you confirm that our measurement system
is applicable for a correct measurement ?

_ Applicable Not Applicable

1.9 K temperature
12 T Magnetic field

8) If this system is not compensated for temperature, could you
propose some solutions ? (assuming the request to perform
only a bending strain characterization)
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Additional questions...

9) Please to repeat 5 times the 200g measurement and note
the values.

10) Please to calculate the average strain value for 200 g mass
with the repeatability associated according to ISO5725.

11) Please to share your results with your colleagues in your
group. From all your measurements and the measurements
of your colleagues, please to calculate the reproducibility of
the measurement technique according to ISO5725.
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e hope you enjoyed the

e practical session
T Thankyoufor your attentionand work done
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Optical Fiber (Acrylate Coating)

Corning® SMF-28® Ultra 200 Optical Fiber

Product Information

Corning’s SMF-28® Ultra 200 optical fiber is a single-mode fiber with a reduced coating diameter that
leverages the latest technology of Corning® SMF-28® Ultra optical fiber. SMF-28 Ultra 200 shares the
same advanced optical performance as SMF-28 Ultra fiber and is designed for use in applications where
space is at a premium. SMF-28 Ultra 200 fiber enables maximized fiber count per cable and minimized
cable outer diameter while maintaining superior optical and mechanical performance. It has bend
performance that exceeds Recommendation ITU-T G.657.A1, and is compatible and fully compliant with
Recommendation ITU-T G.652.D.
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