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A rapid growth of new high-tech materials used in safety critical applications im-

poses strict requirements to manufacturing reliability, quality assurance of industrial 
products and health monitoring of existing components. This evokes development of a 
new generation of NDT methodologies which provide much greater sensitivity to material 
structure, incipient micro-defects and progressive damage. 

Conventional ultrasonic NDT equipment is normally a mono-frequency instrument 
which makes use of the amplitude and phase variations of the input signal due to its scatter-
ing by defects. One can bear with such inadequate amount of information as long as the 
wave-defect interaction is believed to be linear. The nonlinear approach to NDT (NNDT) is 
concerned with nonlinear response of defects, which is related to the frequency changes of 
the input signal. These spectral changes are caused by anomalously high nonlinearity of 
micro- and macro-scale defects. The intact parts of the material outside the defect vibrate 
linearly, i.e. with no frequency variation in the output spectrum. Thus, in NNDT, a small 
cracked defect (transparent in a linear ultrasonic NDT) behaves as an active radiation 
source of new frequency components rather than a passive scatterer in conventional ultra-
sonic testing. This makes the NNDT a unique defect-selective instrument for localising and 
imaging of nonlinear flaws. The latter include a numerous class of contact defects, scaled 
from dislocations (nano-scale) to fatigue (micro-) cracks and macro-debonds in joints. 
Since the micro-contact (nonlinear) defects are only the forerunners of further major dam-
age, the NNDT is thus capable of early recognition of material degradation and “predict-
ing” the oncoming fracture. 

In the present paper, the nonlinear spectra generated by planar defects (delamina-
tions, cracks, impacts, etc.) are analysed and the results of NNDT obtained by using the 
methodologies of nonlinear laser vibrometry (NLV) and nonlinear air-coupled emission 
(NACE) are reviewed. The NLV uses a sensitive scanning laser interferometer for detect-
ing nonlinear vibrations of defects. The excitation system includes piezo-stack transducers 
operating at 20 and 40 kHz. After a 2D-scan and FFT of the signal received, the C-scan 
images of the sample area are obtained for any spectral line within the frequency band-
width of 1 MHz. 

Unlike its optical counterpart, which analyzes the light reflected from the specimen, 
the NACE-NDT relies on airborne nonlinear acoustic radiation from the defects. Direct 
optical measurements proved that such nonlinear radiation is emitted by the defects only 
and exhibits particular directivity patterns. The high-frequency (300 – 400 kHz) air-
coupled ultrasonic transducers are used for scanning the specimen driven by low-
frequency (from 20 to 40 kHz) flexural waves. Within the bandwidth of the transducer, a 
few higher harmonics (with numbers in the range of 10 – 20) are received and applied for 
nonlinear defect imaging. The experiments show that the NACE operates well in various 
constructional materials (wood, concrete, metals) with raw surfaces and rugged defects in 
components. 

A number of case studies will be presented to demonstrate applicability of both the 
NACE and NLV for NNDE and defect-selective imaging in various materials. Particularly 
successful examples include hi-tech and constructional materials: intact and damaged 



wood, impact damage and delaminations in fibre-reinforced plastics, fatigue micro-
cracking in metals, and delaminations in fibre-reinforced metal laminates. In summary,  
the results reported prove that NNDT is a highly prospective approach for quality assess-
ment of materials and components applicable in automotive, aviation, and construction 
industries. 



<<
  /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


