Commissioning of the Fiber-Optical-Sensor
(FOS) environmental and structural monitor
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Outline

— FOS monitor (basics)
— First cases of use:

_ Temperature, humidity and vibration
monitoring of the Belle-Il vertex test beam @
DESY (January 2014).

~ast (1Khz) thermal monitoring of power
oulsed ILD DEPFET dummy ladder (l.Garcia
talk)

— Summary
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— Part of a JRA activity to produced a thermo-
mechanical infrastructure.

— Specifically: Temperature, displacement (vibrations)
and humidity using Fiber Bragg Gratings sensors.

— Development approach, integration of:
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1. Light, robust, passive, small foot-print =
non invasive integration

Sensor grating period A ~ 250 .. 500 nm

g Sensor diameter 125 pm
Sensor length 1.. 8 mm

Optical single-mode fibre:
Fibre core diameter 5.. 10 gm
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2 . Easy to multiplex (tens of sensor per optical
fiber)

Bragg wavelength 25 = 2:A-n Input light
(broad-band, A-scan)

W/

spectral interrogation
Measurands: T T T “
e.q., temperature T, strain €, hydrogen c(H.)
Algl/h = An(T)/n + AT-a.-(1-p) + &(1-p]
~10 pm/K ~1 pm/pe p: photo-elastic interaction,

c: thermal expansion coefficients
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3 . Many other advantages with respect with
conventional monitoring technologies.

General attributes of fibre optic sensors:
Immunity against, i.e., applicable in
Electro-magnetic fields, high voltage, lightning
Explosive or chemically aggressive + corrosive media
High and low temperatures
Nuclear / ionising radiation environment (to be specified)
Light-weight, miniaturised, flexible; low thermal conductivity
Non-interfering, low-loss, long-range signal transmission ("Remote Sensing")

Specific FBG attributes:

Multiplexing capability ("Sensor Networks")

Embedding in composite materials ("Smart Structures")

Wavelength encoded — transferable measurement, neutral to intensity drifts
Mass producible at reasonable cost

Durable to high strain 5..6% ("Draw Tower Gratings", with any kind of coating]
High and low temperatures (4 K .. 900 °(C)

ivan.vila@csic.es, AIDA 3th Annual meeting, Vertexing Session. 6



— First access :Belle Il PXD-SVD common test beam at DESY
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PXD — SVD Integrated test beam set-up ‘.'b

Integration into the PCMAG I FCA
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— For the read out, AIDA thermo mechanical set-up dynamic
interrogation unit at DESY (SM130-200) used

— Readout integrated in EPICS (dedicated driver over
Ethernet ). The integration went very smooth ready since
the January 6t
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Dry box sensors vs Humidity

— Comparing the
WaVE|ength Shlft Of mf;@::@::f::%::}::@::@::f::E:j::@::@::i:f::f::§::E::i:f:j::@::§::§:f:i::§::§::i:f: 1383 pm/%RH

e - 1.486 pm/%RH

ambient sensors oL e o
(naked fibers) vs. : e
commercial
Humidity sensors
inside the dry box.
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— Excellent linearity
and sensibility after = e
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te m pe ratu re Relative Humidity in % RH
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The idea is to monitor online PXD-SVD relative displacement
using an application custom tiny CFRP structure with FBG

sensors embed

ded.

Fibre in

N

Locked part

jress

Contact surface

FBG sensors
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Contact boll
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— An specific calibration set-up at IFCA using a Michelson
interferometer.

Readout of L-shape compared with true position (interferometer)

etro reflector
Beam spliter

L-shape  Contact surface

ivan.vila@csic.es, AIDA 3th Annual meeting, Vertexing Session.

15



urement(Destiamator) (nm)
ra ra ra a
2 2 ~ ~
(s3] [s5] 51 Sy

[~
=1
T

Calibration over a range of 1mm
Resolution (readout resolution) 0.5 um.
Accuracy (diff. Between inter & L-shape) = 2 um

Simple temperature compensation
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No sensitivity to environmental conditions
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— The FBG-based FOS structural and environmental
monitor delivered.

— Able to monitor temperature, humidity,
vibrations, displacements.

— First cases of use for the Belle-Il and ILC
community

— Will be used on the monitoring of integrated
Belle-Il vertex mock-up (June and September)

— Available to the community (please contact us)
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THANK YOU!
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