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Abstract. This report shows the results of an experimental warkied out with
the aim to improve defect analysis and sizing of both volieneind planar
defects, detected and imaged with the phased array prdiveqgee. The phased
array technique produces S-scan type images of defects whicleasily in
evidence the structure of the relevant echo indications. erdiapg of defect
morphology, we can see diffracted echoes from planar def@otl also secondary
echoes (improperly considered as diffracted echoes), gedeby a complex
conversion mode process, from volumetric ones. We can see mge s
indications, when defect height is comparable with ultrasemigelength or its
complex geometry destroy diffracted or secondary indicatiows,fanally, we can
see clustered indications. Thus we have to recognize sufdredif image
structures in order to apply the most suitable sizing procetdbheeobtained results
are very satisfactory and allow us to be more confideragply phased array
technique.

1. Introduction

Current phased array technique allows us to perform aftr@snspection with production of real time
images (specifically sectorial scan type images) whaisecture depends on defect geometry and its
orientation with respect to ultrasonic probe. Such imabess geatures that in standard fixed angle probe
technigue are normally lost due to their low amplitud@egmlly, this is the case of diffracted echoes from
planar misoriented defects and also from volumetric onesa firocess which involves mode conversion on
the defect surface) The aim of this work is to cauysmme experience in order to show how discriminate
among different defect typologies and how to apply the betieiggrocedure for each echo indication class
depicted by S-scan image.

The experimentation has been carried out using the spesidblock sketched in figure 1 for what concern
planar defects (produced by spark erosion), while for the \ahioyones, standard calibration blocks with

SDH has been used
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Figure 1: Sketch of the test block containing planar defects. The letters marks
reflection(D,E)/diffraction(A,B,C) points

121 mm

2. Diffraction from sur face breaking dlit

Using the test block of figure 1, an inspection has besaredaout from the opposite surface to that where is
present the surface breaking slit 1 using two probe typeworieng at 2.25 MHz and the other at 5 MHz .
The relevant sectorial scan images are reportegectively, in figure 2 and 3. In both figures, the stronger
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Figure 2: slit 1 Sectorial-scan view with 2.25 MHz probe Figure 3: slit 1 Sectorial-scan view with 5 MHz probe

echo is that generated by corner effect (D). Neverthedessl| visible, in both cases, the echo generated by
the upper tip (C) diffraction and, thus, the sizing of @cefbreaking slit 1 height can be estimated simply
measuring the distance of the tips from the bottom surfasb@sn in the figures by the dashed horizontal
lines. Appling this procedure to figure 1, we obtain a valuék.3 mm with an error of only 0.3 mm, while
from the figure 2 we obtain an estimated value of 4.4 agajn with an error of only 0.6 mm. With respect
to 2.25 MHz probe, the 5 MHz image, as expected, is betelvesl. . The amplitude of echo diffracted by
the notch tip, for the 2.25 MHz probe, is about the 22% of PAG dB)

3. Diffraction from subsurface dlit

In this case the inspection has been carried out fnrenopposite surface to that where is present the surface
breaking slit 1 with both probe at 2.25 and 5 MHz . iiheges shown figure 4 and 5 put in evidence the
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Figure 4: 25 mm depth subsurface slit 2 seen @ 2.25 MHz Figure 5: 25 mm depth subsurface slit 2 seen @ 5 MHz
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diffracted echoes from upper (A) and lower tip (B) of the 2B depth subsurface crack depicted in figure 1.
Estimation of defects height, as in the previous case, isslopdy measuring the vertical distance between
The images of the two tips as shown in the figures bydéshed lines. At 2.25 MHz estimation of defect
height gives the value of 3.1 mm, which slightly under estrtia real one of 0.9 mm; while at 5 MHz, the
value is 2.9 mm, which slightly under estimate the real 689mm. At 2.25 MHz the amplitude of upper
tip echo is -6.6 dB DAC, while the ratio of the amplituddoster tip echo with respect to that of upper tip is
0.53. At 5 MHz the amplitude of upper tip echo is -17.7 dB DA@ile the ratio of the amplitude of lower
tip echo with respect to that of upper tip is 0.84.



4. Diffraction from subsurface dlit near the back wall surface

In this case the same subsurface defect of previous pardgragieen inspected from the surface where is
present the surface breaking slit 1. Figure 6 and 7 showsdhkareg images obtained with the 2.25 and 5
MHz .

Figure 6: subsurface slit 2 seen @ 2.25 MHz Figure 7: subsurface slit 2 seen @ 5 MHz

Images show diffracted echoes from upper (B) and lower tip{#)e slit 2 and a stronger one due to partial
reflection by corner effect (E). At 2.25 MHz, the amgituof upper tip echo is -15.1 dB DAC, while the
ratio of the amplitude of lower tip echo with respecthiat of upper tip is 0.47. Sizing carried out on the two
echo basis gives the value of 3.6 mm which slightly undematgithe real one of 0.4 mm. At 5 MHz, the
amplitude of upper tip echo is -16.6 dB DAC, while the rafithe amplitude of lower tip echo with respect
to that of upper tip is 0.39. Sizing carried out on the éaloo basis gives the value of 3.6 mm which slightly
under estimate the real one of 0.4 mm. With respect to 2.25 pridte we still obtain a better resolved
image but with worse sensitivity; in fact the maximunfrddted echo amplitude is equal to 14.8% DAC,
which is, obviously, lower than threshold value of 20% aAgeneral conclusion, comparing the performance
of the 2.25 MHz and the 5 MHz probes it seems better tosehthe 2.25 MHz one. In fact, against a slightly
worse resolution we have a better sensitivity.

5. Diffraction from volumetric defects

Figure 8 shows the complex mechanism of volumetric
diffraction. The incident rays are partially back specular
reflected; but some of them induce a creeping wave on
feflecied ray the volumetric defect surface. The creeping wave, while
travelling around the volumetric defect, reemits bulk
waves and some of them are received by the probe which,
after the main specular reflected echoes, will disgay
small amplitude secondary echo (improperly called
diffracted echo).

The distance L between the main echo and this secondary
echo depends clearly by the defect diameter D through
\ the empirical formula:

diffracted echo

Creeplng wave L=139*D

Figure 8: sketch illustrating the complex behavior On a Sectorial-scan image, such satellite echo isyalwa
of volumetric diffraction located after the main image and along the beam axis;
this behavior is useful because can help to distinguish
volumetric defects from planar ones.



Figure 9 shows the images of the three 3 mm SDH hole ASME calibration block. All the SDH images,
which are seen at different angle, show the secondargi#d echoes and confirm that such secondary
images, as stated before, are placed always on thedesnthat is, the line joining transducer — defect.
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In the case of figure 9, the distance L, between mairsaoohdary echoes, are about 4.3 mm, and, using the
previous formula, we obtain for SDH diameter the value3c2 mm which overestimate the real value of
only 0.2 mm.



6. Discrimination between planar and volumetric in presence of

diffracted echoes

Figure 10 shows a comparison between the characterdtiosflection / diffraction relevant to

Comparazione delle caratteristiche di riflessione/ diffr azione tra difeth
volumetrici e planari
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Figure 10: difference of echo parameters for planar and volumetric defects

subsurface crack and those of the
equivalent 3 mm SDH hole used for
calibration. Also for the SDH we can
observe a diffracted echo which
follows the main reflection. Thus it is
interesting to determine a suitable
criteria which can help to correctly
discriminate the defect typology. In
particular, the graph shows the DAC
echo amplitude values against the
ratio between the lower and upper
diffracted echo amplitude. As we can
observe, the amplitude of volumetric
defect is, obviously, higher than that
of diffracted echo while the ratio
relevant to volumetric defect is lower
than half the ratio relevant to crack
like defect. Thus We can draw two
rectangle which enclose two different

and disjoined region each of one
pertains to a single defect typology
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7. Clustered indications
Figure 11 shows an example of ~ . & & o
cluster sizing. The cluster i i M

composed of four 2 mm SDH hole:{ I
vertically aligned with a 1 mm: :
separation for a total height of 1:{
mm. The image is obtained with && |
32 elements probe for shear waw{ Y 4
working at 2.25 MHz . The apparers™™=
height is measured putting thi '
saturation red color threshold at -17-
dB with respect to the DAC ands-
then, determining the smalles: T
rectangle which enclose the rei; ,
region. In this case we obtain & . '
value of 14.2 mm which can bé- | ,
corrected subtracting one fourth ¢ ! i
the vertical resolution at the dept’ gy o
and angle view of the cluster. In this leeae swem e

-l

case we obtain the more realist
value of 11.8 mm.

Figurell: example of image of a defect cluster @ 2.25 MHz



8. Sizing procedurein case of single indications

The most critical case for sizing is represented lmy 40 called single indications which are typically
generated by defects whose height is small compared withsomic wavelength so that eventually
diffracted echoes collapse together in a single echo. @ts&s are represented by defects of complex
geometry for which one of the diffracted/secondary echoesppesars. The typical parameter we can
determine is the defect apparent height measured as thefaalsster at -12 db of DAC. But a good sizing

procedure require a comparison of such apparent bighth the apparent height of some reference SDH
reflectors.

Calibration curve for sizing @ 40° Calibration curve for sizing @ 50°
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Figure 12: 3 and 5 mm SDH apparent height against depth Figure 13: 3 and 5 mm SDH apparent height against depth
@ 40 deg. @ 50 deg.
Calibration curve for sizing @ 60° Thus we need suitable calibration curves as, for
30,0 example, those of figure 12, 13, 14, which report the
graph of apparent heighg andhs, relevant to 3mm
25,0 and 5 mm SDH reflectors, against depth and seen at
T different angles.
§ 20,0 One calibration curve, among those of previous
] figures, shall be selected as the one whose angle is
§ 10 — ™ | the nearest to the defect indication view angle. On
g M this curve theapparent height hs and h, relevant to
10,0 reference reflectors of 3 and 5 mm, shall be read at
the defect indication depth. Thus the following step
50 shall be done:
Figure 14: 3 and 5 mm SDH apparent height against depth
@ 60 deg.

a) if h; < hg, then the real defect height H shall be computed usingliog/fng formula:
H=3*h/h;s

This formula is equivalent to an interpolation on thaight line passing from the origin and from the point

(3.hy).
b) if h; > hs, then the real defect height H shall be computed usinglioging formula:
H = 3 +(hi-hg) * (5-3) / (hs - hs)

This formula is equivalent to an interpolation on thaight line passing from the point (3,fand from the
point (5,k).



9. Conclusions

We have shown that, using phased array technology, it is fessildiscriminate among different image
patterns, due to different defect typology, and thatefich class of echoes indications a suitable sizing
procedure for defect height estimation can gives good results.
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