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ABSTRACT 

 
There are several cases where accessing a location to detect flaws can only be done through a long UT 

path; such as, inspections for nuclear plant maintenance and power generation applications. This paper 

presents a theoretical discussion, as well as a detailed study with experimental results on utilizing 

Volume Focusing, large apertures and DDF (Dynamic Depth Focusing) for thick part inspections.  

Exceptional results in lateral resolution, sensitivity and depth of field can be achieved, where 

conventional techniques would struggle. Volume Focusing will be explored as a new technology that 

provides faster inspection times and better depth of field. Also, a significant portion is dedicated 

towards the pitch along the depth and the resolution of the electronic focusing for the DDF method. 

Lastly, the conclusion summarizes the advantages, limitations and acceptable compromises.  
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INTRODUCTION 

 
The Power Generation industry offers a lot of opportunities to inspect thick parts like vessel walls or 

turbines. In addition to flaws from regular operation and wear and tear, these parts are often exposed 

to various adverse conditions like chemical corrosion and mechanical stress. These represent a 

particular share of parts that need to be inspected despite any difficultly from various complex 

geometries, high attenuation or a long depth of field.  

KJTD designs and manufactures advanced high-tech solutions with phased array and desires 

to clarify the enhancements that phased arrays bring to thick part inspections. KJTD is both 

knowledgeable and experienced in phased array technology and is one of the pioneers in the world for 

NDE technology.  

This paper is a follow up of a previous one presented at the 6th International Conference on 

NDE in Relation to Structural Integrity for Nuclear and Pressurized Components. It was an overview 

of different techniques, including different element pitches, different frequencies, focusing, DDF and 

Volume Focusing. This paper concentrates on an experiment using 5MHz probes with 2 opposite 

extreme pitches. Results will span over the use of several aperture sizes. 

 

Description of the method and tools used for the experiment: 

 
Phased Array technology is based on sampling the surface of the probe in small elements that 

act as punctual probes transmitting to and receiving from any direction, and whose signals are phased 

so that the UT beam has the characteristic the operator wishes. Symmetrical electronic lenses allow 

focusing at the desired depth, taking in account the wedge and part refracting interface. 

Dissymmetrical lenses allow deflecting the beam along a different axis of propagation from the natural 

axis of the probe. 

Although, phased array may seem like a magic solution to all inspection problems, there are 

some limitations. Understanding that will reveal how to properly use phased arrays and even help see 

why phased arrays can be the best solution for difficult NDE challenges. If elements are too large 

versus the wavelength, the ability to focus or deflect will be limited, because the element will have 

sensitivity only in front of the transducer. However, phased array’s strength is the ability to focus and 

deflect, which provides images without moving the probe, and with very good accuracy and clarity. 

Besides, scanning with a phased array can capture overlaps between images with different positions, 

so that the immunity of the analysis to speckle noise improves by a significant factor.  

M
o
re

 i
n
fo

 a
b
o
u
t 

th
is

 a
rt

ic
le

: 
h
tt

p
:/

/w
w

w
.n

d
t.

n
et

/?
id

=
8
8
9
0

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

88
90

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=8
89

0



  

For this experiment, linear scanning, angled beams by electronic deflection, and sector scans 

were used. Different aperture sizes as well as focusing depths were challenged and closely examined. 

Also, normal focusing and DDF was compared. 

 

 

The Test Piece 

 
The test piece is a 250mm thick aluminum block, as shown in 1. All flaws are 1mm diameter Side 

Drilled Holes (SDH) with 2 zones of interest. Zone A is located towards the bottom of the block at a 

depth of 240mm and consists of 6 SDHs forming a line parallel to the back-wall, as shown in 1b.   

 

The main line of SDHs, located in Zone B, consists of SHDs every 10mm along the depth in a 

line perpendicular to the surface. Also, at 10mm, 20mm, 60mm, 110mm, 160mm, 210mm and 240mm 

there is an SDH 5mm directly adjacent to the main line.  

b) Close-up of Zone A 

 
a) View of Both Zones 

 
c) Top part of Zone B 

Figure 1 - 250mm thickness test piece used for the experiments 

 

 

Phased arrays used for experiments 

 
The linear phased array probes used for this experiment were from IMASONIC with a frequency of 

5MHz, which fits most inspection requirements. 

Two different linear array probes will be used in this experiment: 

• The first probe used is probably the best concept of a linear phased array that can be thought 

of. It will be referred to as a "Universal Linear Array" from now on. The idea is to use a very 

small pitch, but with a lot of elements so that the probe yields an excellent sensitivity and 

beam spot size for a wide range of angles and types of inspections. An interesting point lies in 

the fact a wedge isn’t needed, where the probe is directly in contact with the part. Later it’s 



  

reported that calibration allows a sector scan from 20 to 70 degrees in longitudinal mode to be 

used. Even shear waves are managed well, without a wedge, from 30 to 60 degrees in the 

same conditions. 

• The second probe is a large element pitch phased array long type probe usually used in 

immersion applications. The pitch is 1.2mm with 128 elements, which is quite a large 

aperture, assuming all the elements were activated. 

Both probes are made with the same piezo-composite technology. 

 

 

The electronic equipment: FlashFocus  

 

FlashFocus, from KJTD inc., shown in 2, is a massive parallel 128/128ch acquisition system equipped 

with both Conventional Focusing and Volume Focusing, and has the ability to drive complex matrices 

in addition to just linear phased arrays. It is also possible to combine deflection along tilt and skew 

angles at the same time for Matrix probes. 

 

 
Figure 2 - FlashFocus from KJTD 

 

 

Experimental Results 

 
Linear scan, angled beam, comparison with different aperture width at 1.2mm pitch (lateral resolution) 

3 shows the photo of the test piece flipped horizontally, in order to be consistent with scan direction of 

the images taken in the software view. 

 

 
Figure 3 - Photo of zone A flipped horizontally 

 
It is well known that in order to have a smaller beam spot size (lateral resolution) that a bigger 

aperture is required. Figure  shows this with the 1.2mm pitch probe: the aperture was composed of 8, 

16, 32, 64 and 96 elements and was scanned over all 128 elements. The focusing was set to the back-

wall at 250mm, and the deflection angle was 15 degrees. 

 



  

8 elements 16 elements 

 
 

32 elements 

 
 

64 elements 

 

96 elements 

Figure 4 - Different apertures with 15 degrees deflection Focus at the back-wall 

 

Each of the 5 photos represents nearly the same inspection width. We can see that the coverage area is 

decreasing at the rate that the aperture increases. The most important point to notice is that with an 

aperture of 8 elements, it is impossible to separate flaws. It’s even confusing when trying to 

understand the flaw position from the back-wall reflections. With an aperture of 16 elements, 3 groups 

of SDHs are visible. With an aperture of 32 elements, the 3 most distant SDHs, separated by 20mm, 

are distinguished very nicely. Also, the image appears to look like 2 SDHs on the left of the scan, but 

in reality it corresponds to the 3 SDHs separated by 3, 5 and 10mm, as can be identified in Figure . 

With the 64 element aperture, it’s possible to verify that 3 SDHs do actually exist in this left part of 

the scan and not 2. The distinction from the SDHs that are 5mm apart starts to be possible. At last, 

with the 96 elements aperture, this distinction is easy, and when we look at the red color on the left, it 

is even possible to guess the 2 flaws that are on the extreme left of the scan are actually separated by 

3mm. 

The theory predicts a beam spot size of 3mm in the case of an aperture of 96 elements. The 

reason why the experiment results are a bit better is due to the fact that a small deflection improves the 

discrimination. Figure 5 shows the beam spot size at -6dB versus the aperture element number at a 

depth of 240mm for both 1.2mm pitch probe (left) and 0.5mm pitch (right). 

 

 
Figure 5 - Theoretical beam spot size versus the number of elements in the aperture 

 

Figure 6 -  shows the images for the 0.5mm pitch probe instead of the 1.2mm pitch probe. Notice that 

for 8 and 96 element apertures the results are the same as before. 

 
8 elements 

 

96 elements 

Figure 6 - Different apertures at the back-wall with the 0.5mm pitch probe 

 

In the case of the 8 element aperture, it is impossible to even guess the back-wall echo from the SDHs 

and vice versa. With the 96 element aperture, the signal becomes clear, but the coverage area gets 

smaller as the pitch is small, and actually, only the flaws separated by 10mm could be distinguished. 

 

 

Ability to focus, and Depth of field Comparison  

 
The next experiment was performed with the “Universal Linear Array”(5MHz, 0.5mm pitch, 128 

elements). The goal is to focus electronically at 150mm and see the benefit of a large aperture and the 

effects of diffraction as the aperture size changes. Notice in Figure 7 -  that as the number of elements 



  

increase the focusing strength increases and the depth of field decreases.  The gain was adjusted so 

that the flaw at 150mm depth provides an 80% amplitude in the Ascan, as shown in  

Figure 9 - . 

 

 

 

16 elements 

 

32 Elements 

 

64 Elements 

 
 

128 Elements 

 

Figure 7 - Different apertures focusing at 150mm for the whole thickness 

 

If you refer to Table 1, you can see that N, the Fresnel Distance, for a 16 and 32 element aperture, 

using the Universal Linear Array, are only 19 and 90mm, and thus don’t even meet the intended focus 

depth of 150mm. With 64 elements the target focus point is within the Fresnel Distance; however 

there is still room for improvement. When N reaches 1,195mm for a 128 element aperture the focusing 

strength has improved at the target of 150mm. 

The values calculated in Table 1 are consistent with the images in 7 and Figure 9. When the 

Fresnel distance is shorter than the focus depth set by the equipment, the gain needed to amplify the 

signal to 80% is higher and the lateral resolution will not appear so small. On the other hand, when the 

Fresnel distance is far beyond the focus depth set by the equipment, the gain required for the Ascan 

signal at the focus depth to reach 80% decreases, and the beam spot size appears without a doubt the 

smallest at that depth. 

 

 8 16 32 48 64 80 96 112 128 

N 

(1.2mm) 
27 108 430 968 1,720 2,688 3,871 5,268 6,881 

N 

(0.5mm) 
5 19 90 168 299 467 672 915 1,195 

Table 1 - Fresnel Distances for Different Aperture Sizes and Element Pitch 

 

 
Figure 8 - Fresnel Distance for 0.5mm pitch probe at 5MHz 



  

 
 

Figure 9 - Gain versus the aperture size where at 150mm, the 1mm SDH is 80% 

 

The sensitivity increases (the gain to reach 80% of the Ascan decreases) at the rate that the aperture 

increases, as shown in Figure 9. 

To avoid any misunderstandings, it is necessary to analyze Figure 7 in combination with 

Figure 9. For the smaller apertures to obtain an 80% level on the Ascan at the desired focus depth of 

150mm, the gain was set to a higher level, resulting in each aperture having different gain values, as 

shown in Figure 9. Therefore, the 128 element aperture in fact has the best focus, because of the clear 

image with less gain. 

In Figure 10, DDF is applied throughout the depth of the part. Notice that with 128 elements 

the depth of field and lateral resolution are very good at 250mm. 

 

16 elements 
 

32 elements 
 

64 elements 
 

128 elements 

Figure 10 - Different apertures with DDF Focus for the whole thickness 

 

 

Evolution of the gain versus the aperture and the correlation with lateral resolution 

 
Notice that as the aperture size grows the gain required to have a good visual indication of the flaws 

decreases. With larger apertures not so much gain is needed. 

 
Figure 11- Gain needed to reach 80% for 1.2mm pitch probe 

 

 



  

Comparison between Big and Small elements with Sector scan (Grating lobs) 

 
Grating lobes are an undesirable characteristic of phased arrays. Don’t confuse grating lobes with side 

lobes, where side lobes are an effect of the diffraction of the aperture. Usually, side lobes are very 

close to the main lobes, and are usually quite short and low in amplitude. Grating lobes are the result 

of constructive interference between 2 adjacent elements that have different delays, but the same 

phase. This means that there will be an angle where the signal will be in phase, but the delay will 

correspond to 1 cycle. As usual, the echoes handled by probes ring over several cycles. Grating lobes 

have particular characteristics and are very wide when elements are big, and they are also very 

sensitive so that it is usually not correct to ignore them. If beam deflection isn’t applied and an 

element periodicity of 1 wavelength or smaller is used, then we will never reach conditions where 

grating lobes will appear. However, to avoid grating lobes when deflecting the beam, the element size 

must be even smaller than half the wavelength. However, to avoid grating lobes when deflecting the 

beam, the element size must be even smaller than half the wavelength. 

Figure 13 to Figure 15 shows the evolution of grating lobes according to 8, 32, 64, 128 

elements aperture (horizontal), for Focusing at 150mm, 250mm and DDF (over the 3 figures). 

In all 3 cases of different focusing, it can be clearly seen that the relative amplitude of grating lobes 

decrease as they get longer and wider. This is in accordance with theory. As grating lobes are the 

results of undesired constructive interferences, and as the signal bandwidth is not so narrow, then the 

echo is not ringing so much, the combination of a small aperture provides the maximum grating lobe 

relative amplitude. In a large number of element aperture, the signal spreads as much as the delay 

varies inside the aperture. 

 

8 elements 
 

32 elements 

 
64 elements 

 
128 elements 

Figure 13 Different apertures with 150mm Focus for the whole thickness 

 

 
8 elements 

 
32 elements 

 
64 elements 

 
128 elements 

Figure 14 Different apertures with 250mm Focus for the whole thickness 



  

 
8 elements 

 
32 elements 64 elements 

 
128 elements 

Figure 15 - Different apertures in DDF for the whole thickness 

  

However, although we can clearly see the effect of focusing along the SDH aligned along the depth on 

the same axis, the focusing has not much effect on the grating lobes amplitude nor shape. 

In Figure 15 the 2 photos on the left show that the grating lobes are expressed from the back-

wall and not from the SDH since in Side B, there are SDHs only near the back-wall. Notice that the 

image on the right doesn’t have any grating lobes, which is in line with what was expected. Indeed, the 

element pitch is smaller than half of the wavelength, though it is equal in the case of 1.2mm pitch 

5MHz probe case. 

Side A 64 elements 
 

Side A 64 elements 
 

Same from 0.5mm pitch 

probe 

Figure 16 - 64 elements apertures with 250mm Focus for the whole thickness from both sides and 

comparison with 0.5mm pitch probe 

   

As an intermediary conclusion, we can confirm that the 1.2mm pitch 5MHz probe produces good 

results as long as the deflection angle is shorter than 20 degrees. If there aren’t any geometry echoes to 

expect from the side of the inspection beam, grating lobes will not lead to false detection. 

 

 

CONCLUSION 

 
Phased Array using large apertures shows multiple advantages in the case of thick part inspections. 

Excellent detectability and beam spot size can be obtained. This paper proves that even 1mm SDHs 

can be separated from each other when there is a distance of only 3, 5 and 10mm between their axis, at 

a depth of 240mm. Using a large sector scan also permits a detection of 1mm SDH along the same 

vertical axis, and can separate some that are 10mm apart from each other at different depths. 

Using large apertures provides the same advantages, but of course, the lateral resolution 

increases so that the separation ability is a bit affected. However, the depth of field shows excellent 

results using DDF over a 250mm thickness and excellent detectability can also be noted.  

Taking advantage of larger apertures in phased array applications proves to be quite effective, 

especially for inspections requiring a long depth of field. The detectability and beam spot size are 

excellent with larger apertures. As seen in Figure 4, even adjacent 1mm SDHs 3mm apart can be 



  

differentiated from each other, even when the depth is 240mm. Also, with a large sector scan 1mm 

SDHs along the same vertical axis can also be clearly deciphered. 
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