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Rezumat

Introducerea imagisticii cu coerentd de fazd (PCl) in noua generatie de defectoscoape ultrasonice avansate a imbundtdtit
considerabil capacitdtile de vizualizare si caracterizare pentru unele dintre cele mai dificil de detectat discontinuitdti folosind
tehnicile conventionale cu ultrasunete de astdzi. imbundtdtirile de imagisticd ale metodei PCI oferd performante superioare nu
numai pentru aceste cazuri dificile, ci si pentru cazuri de utilizare obisnuite, cum ar fi inspectiile sudurilor si dimensionarea fisurilor.
Spre deosebire de tehnologiile actuale de testare cu ultrasunete, inclusiv tehnicile conventionale fazoriale (Phased Array - PA) si
metoda de focalizare totald (Total Focusing Matrix - TFM), procesarea semnalului PCI nu ia in considerare amplitudinea atunci
cdnd genereazd imagini TFM. Metoda PCl detecteazd defectele folosind doar informatiile de fazd ale semnalului prin mdsurarea
coerentei de fazd a scandrilor A-scan elementare pentru fiecare punct din zona TFM..
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Abstract

The introduction of Phase Coherence Imaging (PCl) in the new generation of advanced ultrasonic flaw detectors has vastly improved
the visualization and characterization capabilities for some of the most difficult-to-detect defects using today’s conventional
ultrasound techniques. PCl’s imaging enhancements offer improvements not only for these challenging use cases but also for
common use cases such as weld inspections and crack sizing.

Unlike current ultrasonic testing technologies—including conventional Phased Array (PA) and Total Focusing Method (TFM)
techniques - PCl’s signal processing does not consider the amplitude when generating TFM images. It detects defects using only
the phase information of the signal by measuring the phase coherence of the elementary A-scans for each point in the TFM zone.
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1. Introducere

n  domeniul examindrii nedistructive cu
ultrasunete a sudurilor, metoda de focalizare
totala (TFM — Total Focusing Method) este acum
o tehnica de imagisticd pentru testare
nedistructiva (NDT) larg cunoscuta si acceptata.
Mai mult, metoda este acum disponibila
comercial pe mai multe dispozitive portabile, iar
TFM este in crestere de popularitate in cadrul
comunitatii NDT. Cu toate acestea, desi TFM
permite o interpretare mai usoara a imaginii
decat inspectia matriciald Phased Array (PA),
utilizarea unui singur element in transmisie in
timpul achizitiei poate duce la imagini cu un
raport semnal-zgomot (SNR — Signal to Noise
Ratio) scazut.

1. Introduction

In the field of non-destructive ultrasonic
examination of welds, the Total Focusing
Method (TFM) is now an imaging technique for
non-destructive testing (NDT) widely known and
accepted. Moreover, the method is now
commercially available on several portable
advanced ultrasonic flaw detectors, and TFM is
growing in popularity within the NDT
community.

However, although TFM allows for easier image
interpretation than Phased Array (PA), using a
single element in the transmission during
acquisition can result in images with a low signal-
to-noise ratio (SNR).



Acest SNR scazut se datoreaza penetrarii
acustice slabe, de obicei in zone cu grosime mare
sau in materiale cu atenuare ridicata.

Pentru a depasi aceasta problema, metoda PCI

propune o implementare diferita a algoritmului

TFM conventional folosind doar informatiile

legate de faza ale semnalelor achizitionate. Se

bazeaza pe factorul de coerenta vectoriala (VCF

— Vector Coherence Factor), care este folosit ca

imagine in sine elimindnd informatiile de

amplitudine din  semnalele achizitionate.

Aceasta metoda, cunoscuta si ca Imagistica cu

Coerenta de Fazda (PCl), prezintd anumite

avantaje, inclusiv urmatoarele:

e Este luatd in considerare doar faza
instantanee a semnalului, iar atenuarea
materialului nu afecteaza faza semnalului,
astfel incat PCl este deosebit de utild in
rezolvarea provocarilor aplicatiilor de
inspectie a sudurilor materialelor cu grosime
mare sau foarte atenuante

o Deoarece amplitudinea semnalului nu este
luata Tn considerare, necesitatea calibrarii
amplitudinii este eliminata

¢ Sensibilitate imbunatatita la geometriile de
difractie si  consistenta  reprezentarii
defectelor intre diferitele vizualizari

¢ Ofera o metoda fiabila, care nu se bazeaza
pe amplitudine, pentru dimensionarea
defectelor similare fisurilor.

Lucrarea explica principiile de baza ale metodei

PCl, oferind exemple de cazuri reale de utilizare

folosind defecte reale care permit compararea

celor doua tipuri de imagini, TFM conventional si

PCl, create cu cele doua tipuri de algoritmi.

2. Cum functioneaza metoda PCI

PCl proceseaza aceleasi date FMC (Full Matrix
Capture) achizitionate pentru TFM conventional.
Procesarea incepe prin normalizarea
prezentarilor A-scan elementare si apoi
calculeaza coerenta de faza a A-scan-urilor
normalizate pentru fiecare punct din cadrul TFM.
Deoarece imaginea PCl rezultatd se bazeaza pe
varianta statistica a coerentei de faza, nivelul nu
poate depdsi 100%. Aceasta Tnseamna ca
saturarea semnalului nu este posibila. Informatia
cuantificata a fazei prezentdrii A-scan
cuantificate rdmane de asemenea mai constanta
in timp si distantd, spre deosebire de
amplitudine, care scade cu cat fasciculul se
deplaseazda mai departe, dincolo de campul
apropiat (vezi Figura 1).

This low SNR is due to poor acoustic penetration,

usually in thick areas or materials with high

attenuation.

To overcome this problem, the PClI method

proposes a different implementation of the

conventional TFM algorithm using only the

phase-related information of the acquired

signals. It is based on the vector coherence factor

(VCF), which is used as the image itself by

removing the amplitude information from the

acquired signals.

This method, known as Phase Coherence

Imaging - PCl, has certain advantages, including

the following:

¢ Only the instantaneous phase of the signal is
considered, and material attenuation does
not affect the signal phase, so PCl is
particularly useful in solving the challenges
of welding inspection applications of thick or
highly attenuative materials

¢ Since the amplitude of the signal is not taken
into account, the need for amplitude
calibration is eliminated

e Improved sensitivity to geometries of
diffraction and consistency of defect
representation between different scan
views

e It provides a reliable, non-amplitude-based
method for sizing crack-like defects.

This paper will try to explain the basic principles

of the PCI method. Examples of real use cases

using real defects and known geometry allow the

comparison of the two types of images,

conventional TFM and PCI, obtained with the

help of the two types of algorithms.

2. How the PCI method works

PCl processes the same FMC data (Full Matrix
Capture) acquired for conventional TFM.
Processing begins by normalizing the elementary
A-scans and then calculates the phase coherence
of the normalized A-scans values for each point
within the TFM.

Since the resulting PCl image is based on the
statistical variance of the phase coherence, the
level cannot exceed 100%. This means that the
signal saturation is not possible. The quantified
information of the phase of the quantified A-
scan remains more constant over time and
distance, unlike amplitude, which decreases the
further the beam travels, beyond the near field
(see Figure 1).
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Fig. 1 Date brute privind amplitudinea A-scan (a) si faza cuantificatd a A-scan (b) in timp (t) (Evident 2022)
Fig. 1 Raw amplitude data of A-scan (a) and the quantified phase of A-scan (b) in time (t) (Evident 2022)

Mai mult, semnalele de difractie de la varfurile
discontinuitatilor au o coerenta de faza mult mai
mare decat zgomotul de fond haotic, incoerent,
astfel incat contrastul dintre ele este accentuat
in materiale cu structura granulara grosiera si
atenuare ridicata, precum otelul inoxidabil.
Recunoasterea recenta de cdtre industrie si
comunitatea NDT a PClI ca metodda de
imbunatatire a vizualizarii datelor oferd, in
cazurile de utilizare aplicabile  pentru
imbunatatirea datelor UT, capacitadti pentru a
ajuta la rezolvarea unora dintre cele mai dificile
aplicatii de utilizare ale industriei NDT.

Pentru o mai bund intelegere a modului de lucru,
n continuare sunt prezentate cateva exemple de
mecanisme de deteriorare pe care PCl le-ar
putea detecta mai bine fatd de abordarile
clasice.

3. Exemple experimentale

Metoda PCl poate fi foarte eficienta pentru
examinarea sudurilor, deoarece combina
avantajele semnalelor reflectate - cum ar fi
Phased Array (PA) - si informatiile de faza a
semnalelor de difractie provenite de la varfurile
discontinuitatilor - cum ar fi TOFD. Un alt avantaj
al PCI este ca sunt necesare mai putine grupuri
pentru aceeasi acoperire de scanare.
Pentru cateva tipuri de defecte, PCl poate facilita
caracterizarea acestora:

- Dimensionarea este mai facila

- Imaginile cu defecte sunt mai aproape

de caracterul lor real
- Este mai putin probabil ca defectele sa
fie impartite intre diferite grupuri

Urmatoarele teste comparative s-au efectuat pe
sudura unei table de inox cu grosimea de 12mm,
folosindu-se un traductor Phased Array 10L64-
A32 de 10MHz cu 64 de elemente.
Tn Figura 2 sunt prezentate imaginile unui defect
tip lipsa de topire (LOF — Lack of Fusion) obtinute

Furthermore, the diffraction signals from the
discontinuity tips have much higher phase
coherence than chaotic, incoherent background
noise, so the contrast between them is
accentuated in materials with coarse grain
structure and high attenuation, such as stainless
steel.

Recent industry and NDT community recognition
of PCl as a data visualization enhancement
method provides, in applicable use cases for UT
data enhancement, capabilities to solve some of
the most difficult applications in the NDT
industry.

To a better understanding of the mechanism of
the PClI method, next will be presented some
examples of damage mechanisms that PCl could
detect better versus classical approaches.

3. Experimental examples

PCI method can be very effective for the
examination of welds because it combines the
advantages of reflected signals - such as Phased
Array (PA) - and phase information of diffraction
signals originating from tip discontinuities - such
as TOFD.
Another advantage of PCl is that fewer groups
are required for the same scan coverage.
For several types of defects, PCl can facilitate
their characterization:

- Sizing is easier.

- Images with defects are closer to their

real character.
- Defects are less likely to be shared
between different groups.

Following comparison tests were made on a 12
mm thick stainless-steel welding plate, using a
Phased Array transducer 10L64-A32, 10MHz
with 64 elements.
Figure 2 shows the images of a Lack of Fusion
defect (LOF) obtained by the PCl and TFM



prin metodele PCl si TFM cu acelasi traductor.
Dupad cum se observa, forma si dimensiunile
reale ale defectului sunt mult mai bine definite
prin metoda PCl. Determinarea dimensiunilor
defectuluiin PCl poate fi facuta folosind 2 puncte
de la extremitatile defectului (punctele de
difractie), metoda ce ofera o precizie superioara
metodei 6 dB.

methods with the same transducer. As can be
seen, the shape and real dimensions of the
defect are much better defined by the PCI
method. Sizing of the defect in the PCI method
can be done using 2 points from the extremity of
the defect (diffraction points), a method that
offers better accuracy compared to the 6 dB
method.

a.

b

Fig. 2 Defect tip lipsa de topire detectat prin metoda PCI — mod TT-TT (b.) versus metoda TFM mod TT-TT (a.) (Evident 2022)
Fig. 2 Lack of fusion defect detected by PCl method — TT-TT mode (b.) versus method TFM mode TT-TT (a.) (Evident 2022)

In Figura 3 se observa prezenta unor porozitati

extinse detectate prin metoda PCl, dar aproape

nedetectabile in metoda TFM.

Figure 3 shows the presence of some porosities
detected by the PClI method, but almost
undetectable in the TFM method.

a.

b

Fig. 3 Porozitate extinsa detectata prin metoda PCI — mod TT (b.) versus metoda TFM mod TT (a.) (Evident 2022)
Fig. 3 Extended porosity detected by PCl method — TT mode (b.) versus TFM method TT mode (a.) (Evident 2022)

S-au efectuat teste si pe o sudura realizata prin
procedeul de sudare prin rezistenta electrica,

Tests were also performed on an ERW (electrical
resistance process) weld sample with a Phased



utilizand un traductor Phased Array 5L32-A31 de
5MHz cu 32 de elemente.

n Figura 4 se observa ca fisura detectati poate
fi observata complet intr-un singur grup in modul
TT-TT prin metoda PCl, pe cand prin metoda TFM
sunt necesare 2 grupuri (TTT si TT-TT) pentru
vizualizarea integrala a aceleiasi fisuri.

Array transducer 5L32-A31 of 5MHz with 32
elements.

Figure 4 shows that the detected crack can be
observed completely in a single group in TT-TT
mode by the PCl method, but with the TFM
method, 2 groups (TTT and TT-TT) are needed for
full visualization of the same crack.

a

b

Fig. 4 Fisura detectatd prin metoda PCl —mod TT (b.) versus metoda TFM mod TT (a.) (Evident 2022)
Fig. 4 Crack detected by PCI method — TT mode (b.) versus TFM method TT mode (a.) (Evident 2022)

Actiunea hidrogenului la temperaturd fnalta
(High Temperature Hydrogen Attack - HTHA)
este un mecanism de deteriorare care este
foarte dificil de detectat folosind tehnici de
amplitudine, Tn special in stadiile incipiente.
Acest lucru se datoreaza mai multor factori, cum
ar fi orientarea si dimensiunea defectelor,
precum si apropierea lor de peretele din spate.
Deoarece PCl genereaza imagini TFM folosind
doar informatiile de faza din scandrile A-scan
elementare si nu amplitudinea, HTHA poate fi
detectata in stadiile sale incipiente. Acest lucru
se datoreaza faptului ca raspunsul de difractie de
la aceste reflectoare mici este foarte coerent in
comparatie cu reflectoarele plane mari, cum ar fi
peretele din spate. Orientarea defectului este de
asemenea mai putin importanta din aceleasi
motive. Deoarece fiecare varf/muchie a
defectului emite un semnal de difractie, directia
si orientarea pot fi vizualizate cu usurinta.
Testele comparative efectuate cu un traductor
Phased Array 10L64-A32 de 10MHz cu 64 de
elemente pe o proba cu defecte HTHA au relevat

The High-Temperature Hydrogen Attack (HTHA)
is a damage mechanism that is very difficult to
detect using amplitude techniques, especially in
the early stages.

This is due to several factors, such as defects’
orientations and sizes, as well as their proximity
to the back wall.

Since PCl generates TFM images using only the
phase information from the elementary A-scans
and not amplitude, HTHA can be detected in its
early stages. This is because the diffraction
response from these small reflectors is very
coherent compared to the large flat reflectors,
such as the back wall.

The orientation of the defect is also less
important for the same reasons. Because each
tip/edge of the defect generates a diffraction
signal, the direction and orientation can be easily
visualized.

Comparative tests performed with a Phased
Array transducer 10L64-A32 of 10MHz with 64
elements on a sample with HTHA defects
revealed a superior detection by the PCl method.



o detectie superioara prin metoda PCIl. Prin
metoda TFM, indicatiile sunt estompate Tn volum
si partial mascate de ecoul de fund (Figura 5).

By the TFM method, the indications are blurred
in and partially masked by the back echo (Figure

5).

a

b

Fig. 5 Defecte HTHA detectate prin metoda PCl —mod TT (b.) versus metoda TFM mod TT (a.) (Evident 2022)
Fig. 5 HTHA defects detected by PCI method — TT mode (b.) versus TFM method TT mode (a.) (Evident 2022)

4. Concluzii

n concluzie, experimentele au ardtat cd metoda
PCl ofera multe beneficii:

Deoarece este o metoda de imagistica care
nu se bazeaza pe amplitudine, interpretarea
imaginii nu se bazeaza pe semnale calibrate
in amplitudine, ceea ce reprezintd un avantaj
fata de metoda TFM conventionald bazata
pe amplitudine

Sensibilitate mai mare pentru
discontinuitatile Tnguste si ascutite si, n
general, la geometriile difractive

Permite dimensionarea precisa a defectelor
tip crestatura / fisura fara a utiliza
consideratii semi-empirice care ar putea fi
usor alterate de un proces de calibrare sau
de atenuare a materialului

Nu necesitd o procedura de calibrare, ceea
ce face dimensionarea crestaturii / fisurii mai
usoarda si mai precisa Tn comparatie cu
metoda TFM conventionala

Amplificarea poate fi setata la o valoare
foarte scazuta, prevenind saturarea
semnalului

in plus, un instrument cu un procesor
suficient de puternicc cum ar fi
defectoscopul OmniScan X3 64, genereaza
imagini PCl live, astfel incat rezultatele sunt
afisate imediat n timpul inspectiei.

Cu toate acestea, ar trebui mentionate si cateva
dezavantaje ale acestei metode:

Reproduce slab reflectoarele plane
Raportul semnal-zgomot al PCI este mai mic
decat metodele bazate pe amplitudine. Dar

4. Conclusions

In conclusion, the tests have shown that PCI
method offers many benefits:

Because it is a non-amplitude-based imaging
method, image interpretation does not rely
on amplitude-calibrated signals, which is an
advantage over the conventional amplitude-
based TFM method

Greater sensitivity to narrow and sharp
discontinuities and generally to diffractive
geometries

It allows accurate sizing of notch/crack
defects without using semi-empirical
considerations that could easily be affected
by a calibration or material attenuation
process

It does not require a calibration procedure,
which makes notch/crack sizing easier and
more  accurate compared to the
conventional TFM method

The gain can be set very low, preventing
signal saturation

In addition, a tool with a sufficiently
powerful processor, such as the OmniScanX3
64 flaw detector, generates live PCl images
so results are immediately displayed during
the inspection.

However, some limitations of PCl should be also
mentioned:

Reproduces flat reflectors poorly

The signal-to-noise ratio of PCl is lower than
amplitude-based methods. But this is not a
major drawback, because PClI makes it easy
to distinguish coherent areas, indicating the



acesta nu este un dezavantaj major,
deoarece PCl face usor deosebirea zonelor
coerente, indicand prezenta defectelor, de
zonele incoerente corespunzatoare zonelor
de zgomot ale imaginii.
Metoda PCl este deci o tehnica complementara
care ofera capacitati de dimensionare mai bune
pentru lipsa de topire (LOF — Lack of Fusion) si
fisurile de-a lungul cordonului de sudura,
deoarece ecourile de difractie de la varfurile
defectelor sunt mai bine detectate. Imagistica cu
coerenta de faza PCl ofera o vizualizare mai buna
a eventualelor porozitati fara a fi necesara
cresterea amplificarii. Metoda PCl este de
asemenea mai putin sensibila la orientarea de-a
lungul planului pasiv. Deoarece imagistica cu
coerenta de faza PCl elimind semnalele care
provin de la geometria piesei, metoda este mai
buna pentru detectarea defectelor mici aproape
de peretele de fund atunci cand se efectueaza
inspectia LO (cum ar fi defectele de tip HTHA).
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