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Structurernealthimonitoring

technique to monitor and assess
health of structures before
catastrophic damage occurs




Structurernealthimonitoring

technique to monitor and access
health of structures before
catastrophic damage occurs

- objectives
buildings, vehicles, machines

- physical quantities
vibration,acceleration and
displacement

- methods
electrical, optical




Optical’sensing

e non electrical operation

 immunity from electromagnetic interferences

e small size and broad bandwidth



EiverBragg grating 'sensors

sensntlve bo;h/é stram and fempera{ure - /
: z;/

need addltlonal equnpments to measure
vnbratlon and acceleratlon |

expensive (also due to expensive masks)

A. D. Kersey, M. A. Davis, H. J. Heather etlal, J. Lightwave tech. 15, 1442-1462 (1997).
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Couplinglightiomwayveguide

» core diameter : ~10 um
(for single mode waveguides)

= accuracy of alignments <1 um

- use of precise 3-dimensional stages



Couplinglightiomwayveguide

» core diameter : ~10 um
(for single mode waveguides)

= accuracy of alignments <1 um

- use of precise 3-dimensional stages

waveguide-waveguide coupling:
active or passive alignments

needs cost and time!



Waveqguidewirnngiby Use oiiemloseconalasers

femtosecond laser pulses coming from
a long cavity Ti:Sapphire laser
****************** 10 nJ, 55 fs, 25 MHz, 800 nm*

1.4 NA microscope
objectivelens | |1 & k=] | 5

—

—

—
A

a long cavity Ti:Sapphire laser

*C B. Schaffer, A. Brodeur, J F. Garcia, and E. Mazur, Opt. Lett. 26, 93-95 (2001).




Waveqguidewirnngiby Use oiiemloseconalasers

femtosecond laser pulses coming from
a long cavity Ti:Sapphire laser
****************** 10 nJ, 55 fs, 25 MHz, 800 nm*

1.4 NA microscope

objective lens index
offset matching
********* 0~170 um oil (n=1.5)
_____ Y
<
translation

*C B. Schaffer, A. Brodeur, J F. Garcia, and E. Mazur, Opt. Lett. 26, 93-95 (2001).




Waveqguidewirnngiby Use oiiemloseconalasers

femtosecond laser pulses coming from

a long cavity Ti:Sapphire laser

ffffffffffffffffff 10 nJ, 55 fs, 25 MHz, 800 nm*

1.4 NA microscope
objective lens

************* use of an index matching oil

- index - polishing and assembling prior
matching

assembling process

translation

*C B. Schaffer, A. Brodeur, J F. Garcia, and E. Mazur, Opt. Lett. 26, 93-95 (2001).



Vicroscope piciureroiwiredwaveguides

sodalime glass




Vicroscope piciureroiwiredwaveguides

connection loss below 2.0 dB at 632.8 nm
“optically” wired

separation loss and lateral offset loss?
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lrateral offsetioss
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lrateral offsetioss
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lrateral offsetioss
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lrateral offsetioss
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lrateral offsetioss

Loss (dB)

Offset (um)

discrepancy between the data and the theoretical curve




lLateral ofisetoss

refractive index profile near filed profile

-20 -10 0 10 20
position (um)

the discrepancy is due to a non-Gaussian distribution
of refractive index profile of the waveguides

*R R. Gattass and |. Maxwell and E. Mazur, SPIE West in San Jose, California on 25 January 2003
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Sensoriraprication

********* substrate: sodalime glass ——
********* (cut from slide glass)




Sensoriraprication

20mm x 2 mm x 0.1 mm

********* suspended beam: borosilicate glass ——
********* (cut from cover slip glass)




Sensoriraprication

********* glasses to write waveguides: e
********* sodalime glass




Sensoriraprication

********* Gap: 100 um —

center glass: movable




Sensoriraprication

Femtosecond
********* laser —

Writing waveguides




Sensoriraprication

********* UV cure + UV light -

********* Optical fibers e




Sensoriraprication

sensor dimension:
.25 mm'x 25 mm x 3 mm

=
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Vibration measuremenits
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EEIrSpectrum o outputsignal
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EEIrSpectrum o outputsignal
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Erequency respornse
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Accelerationtmeasurements

********* 6.0 g weight —
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————————— 1.55 um ; Sensor -

Linear stage
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Acceleration sensitivity

w
o

[\
(@

15

Modulation amplitude (a.u.)

o

0 50 100 150 200 250 300

Acceleration (mm?2/s)




Inputirequency dependence onimodulation amplitude
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Acceleration sensitivity
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Inputirequency dependence onimodulation amplitude

resonant frequency ~ 200 Hz

Modulation amplitude (a.u.)
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lemperaturerdepenadenceronimoaulatomampliiude

resonant frequency ~ 200 Hz
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Conclusions

The waveguides wiring

easy samples preparation
sub micron sensitivity for lateral offsets

the ultimate passive alignments



Conclusions

The waveguides wiring

easy samples preparation
sub micron sensitivity for lateral offsets

the ultimate passive alignments

The Novel vibration sensors

immune to electromagnetic fields

high sensitivity and negligible temperature dependence

affordable fabrication costs compared to FBG sensors

Obara@obara.elec.keio.ac.jp



