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Main Objectives

The objective of this work Is to present
some techniques for the ultrasonic
detection of hydrogen cracks.




Ultrasonic Spectroscopy

The primary use of ultrasonic
spectroscopy Is to evaluate the effect of
changing wavelength during UT beam
and materials interaction.

It allows two main important issues to be
attained:

-To Increase resolution of crack detection
and dimensioning,

- Materials characterization.
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Ultrasonic Inspection
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IP = Initial pulse
F = Flaw
BE = Backwall echo
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Diffraction of Particles and Waves
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Diffraction

Diffraction Through an Aperture
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Diffracted waves
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Ultrasonics Spectroscopy

The ultrasonic spectral analysis is a frequency
domain evaluation of ultrasonic signals and has
been successfully applied to materials
characterization in many cases . When an
ultrasonic pulse propagates through a material, it
Interacts with the microstructural components
(grains, inclusions, porosity, microcracks, etc.),
this interaction being quantitatively related to
their size and geometry as well as the incident
wave length .

IDP s | 3nos




Examples of UT
Microstructure Interaction

UT wave propagation in UT wave reflection in a hole
a homogeneous media
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Examples of UT
Microstructure Interaction
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Examples of UT
Microstructure Interaction
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Examples of UT
Microstructure Interaction

This interaction could be evaluated as a change In
the frequency distribution of the transmitted pulse
(echo spectral analysis) or of the scattered signal
(e.g. backscatter spectral analysis). The ultrasonic
spectral analysis of echoes has been applied to non

destructive characterization of materials since the
end of the 1960s




Examples of UT
Microstructure Interaction

spectral analysis) or of “the Cscattered >signal (e.qg.

backscatter spectral ang




Microstructure Interaction
Fast Fourier Transform

B Generalization of Fourier Series for infinite domains
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¢@. Microstructure Interaction
\t@t Fast Fourier Transform
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Examples of UT
Microstructure Interaction

This Interaction could be evaluated as a change in the
frequency distribution of the transmitted pulse (echo
spectral analysis) or of the scattered signal (e.qg.
backscatter spectral analysis).
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0.3 mm







Hydrogen cracks are too small to reflect UT waves.
Detection is only possible using UT spectroscopy
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AOrEOEIEGac ks detection

Hydrogen cracks
are too small to
reflect UT waves.
Detection i1s only
possible using UT
spectroscopy  of
the diffracted
waves from the
crack tips.
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Experimental system used to perform the ultrasonic spectral analysis.
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Ultrasonic s
. : utting line b
Scanning line (b) Steel Samples:

ASTM A516 gr 60.

Hydrogen attack:

NACE TM 0177 standard, used to test the resistance of steels in H2S
environments, for 96 h at room temperature without external loads.

\ Surface examined

metalographically




UT Spectral analysis was
performed for the back wall echo
gated (rectangular window) by the
oscilloscope.




A-Scan diagram

Signal gatmg and processing of (a) echo and (b) backscattered
signal. The processing conststs basically of the time to frequency transfor-
mation (by FFT) and the extraction of a feature of 1t (the second order
momenfum).
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Conclusion

FFT of UT signal can be an useful tool

to detect hydrogen cracks.

However Is necessary some further
analysis In order to recover the points
where these cracks are located along

the test piece width.




Signal processing UT
Attenuation Measurements

eco no dominio eco no dominio
do tempo da frequéncia

Si(t) | FFT S1(/) __j
—~
atenuagido em fungdo
da frequéncia

eco de referéncia no eco de referéncia no
dominio do tempo dominio da frequéncia

Atenuacao




Signal processing UT
Attenuation Measurements

transdutor

A-scan do sinal Sinal retroespalhado no
amostra : retroespalhado dominio da frequéncia

Retroespalhamento




Signal processing UT

Attenuation Measurements

P, Za A-scan do sinal Sinal retroespalhado no
niboion ¢ retroespalhado dominio da frequéncia

Retroespalhamento
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Signal processing UT
Attenuation Measurements
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Signal processing UT
Attenuation Measurements

onde 4 _. ¢ a amplitude do pulso proveniente da amostra padrdo e 4, , ¢ a amplitude do

pulso proveniente da amostra hidrogenada e ¢ € a espessura da amostra.
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Signal processing UT
Attenuation Measurements
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Signal processing UT
> Attenuation Measurements




Signal processing UT
Attenuation Measurements
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Signal processing UT
Attenuation Measurements

Micrografia otica. Reagente Murakami. Aco supermartensitico 200x.




Signal processing UT
Attenuation Measurements

Micrografia otica. Reagente Murakami. Aco supermartensitico 200x.




Signal processing UT
Attenuation Measurements
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Signal processing UT
Attenuation Measurements
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Signal processing UT
Attenuation Measurements
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Signal processing UT
Attenuation Measurements
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Conclusion

O efeito do espalhamento da onda ultra-sonica devido a presenca das
heterogeneidades (trincas ou microempolamentos) decorrentes do dano por
hidrogénio. foi um fenomeno preponderante na atenuacdo da energia sonica
introduzida nas amostras empregadas nesta experimentacao.

Por meio da analise espectral ultra-sonica fo1 possivel representar o comportamento
da atenuacdo proveniente dos danos por hidrogenio presentes nos acos martensitico

€ supermartensitico. atraves do levantamento das curvas a x f .




Muito Obrigado!

Perguntas?




