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Introduction. The safe use of aircrafts can only be guaranteed when efficient means
of damage assessment are in place. In the last years there is an increasing interest in struc-
tural health monitoring systems for composite materials of the aircrafts based on optical
fibre sensors.

One prominent possibility to detect damage in aircraft materials is nondestructive
testing (NDT) using ultrasound. Ultrasonic waves are usually excited and sensed by pie-
zoelectric crystals that offer excellent possibilities in non-destructive testing since many
decades. However, these are essentially point sensors, implying a number of disadvan-
tages, such as the vulnerability to interferences. A possible solution is the application of
ultrasonic array sensors, but these arrays are usually costly high-tech devices, difficult to
wire and integrate.
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Fig. 1 Single mode optical fibre sensor in a polarimetric setup
for the detection of impact damage

An interesting alternative is offered by optical fibres that can work as line-
integrating sensors. There are in general many reasons why the application of optical
methods for acoustic sensing is more advantageous compared to the widespread use of
traditional piezoelectric crystals. The most frequently applied optical fibre technology in
structural health monitoring is Fibre Bragg Grating (FBG) for which a big number of
applications are already existing e.g. civil infrastructure monitoring. For many other tech-
nologies, such as the Fabry-Perot Interferometer, or micro-bend sensors, the single-mode
fibre in a polarimetric set-up is the most promising method. However, the studies per-
formed so far are quite limited, and this is in contrast to the high potential that emerges
from this technology.

Basic results and discussion. In this paper, ultrasonic Lamb wave technology is
used as the basic physical damage detection principle for developing an aircraft damage
monitoring system. Lamb waves are essentially ultrasonic waves, but they differ from
classic bulk ultrasonic waves in their propagation properties:

— Lamb waves propagate in plate-like structures;

— Lamb waves can propagate over long ranges (up to tens or even hundreds of
metres) and they are therefore well-suited for global and long range inspections.
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Fig. 2. Acoustic emission waveforms (2" burst is an echo) and frequency
distribution recorded by piezoelectric crystals (PZT) and by optical fibres,
obtained from impact in monolithic carbon fibre reinforced plastics (CFRP)

Composite plate structures as well a helicopter tail-boom has been used for the tests
presented. The impact signals are directly detected by the optical fibre sensors as well as
by piezoelectric sensors (acoustic emission, fig. 2). The optical signal is created by alter-
ing the intensity of light due to a change in ultrasonic pressure. This change in the light
intensity is an integrated response of all the phase dependent changes along the length of
the active fibre sensor.

When the sensing area of the optical fibre is clearly larger than some wavelengths,
the signal obtained by fibre sensor shows thus peculiarities with respect to a point sensor.
This phenomenon can be understood if one considers the optical fibre as a kind of acous-
tic interferometer. Signals arriving from the acoustic source arrive at the fibre at different
times (time-of-flight), according to their increasing distance from the source. The detector
itself measures all incoming signals at one instance, thus adding-up all the incoming
waves. Depending on the respective amplitude and phase shift, a resulting waveform will
be measured. Furthermore, the sensitivity for the detection of the Lamb modes, Sy and 4,
depends on the polarisation of the light propagating in the sensing fibre. Lamb mode se-
lection will be achieved by corresponding polariser settings. Line-integrating sensors can
thus show improved performance, and it is one of the main tasks of this paper to give an
answer to that question: Why this is the case, and how this can be explored toward practi-
cal application in a systematic way?

Beside acoustic emission also the results from active ultrasonic testing will be pre-
sented. Those tests require an ultrasonic point source (piezoelectric excitation).

Summary. The influence of different degradation mechanisms upon the signal from
the optical fibre sensing the Lamb wave in a composite plate-like structure is investigated.
Quantitative correlations between the monitored transient signals of the optical fibre and
the type and extent of the damage are established. We can show that damage detection by
single-mode optical fibres is an appropriate tool for structural health monitoring.

The research is embedded into the European project “Aircraft Integrated Structural
Health Assessment II” (AISHA 1I), so the research leading to these results has received
funding from the European Community's Seventh Framework Programme [FP7/2007—
2013] under grant agreement n°212912.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


