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Phased array UT techniques are being used for inspections in nuclear and conventional 

power plants for more than 10 years. Applications involving simple linear arrays, using 

either sectorial scanning or multiple-angle raster scanning, are now commonly used and 

accepted. But the power generation industry is continuously looking for inspection 

solutions to more challenging inspection configurations, and this requires advanced 

software features and phased array hardware. 

This paper will present some advanced applications of phased array technology, for 

inspections on components with complex and wavy surfaces. It will illustrate how 

recently developed phased array hardware and state-of-the-art dedicated software 

supports these innovative phased array inspection concepts. 

1D linear and 2D matrix flexible array probes can be used to improve the 

examination capability on components with complex surfaces. Alternatively, wedges 

with custom contouring can be used to couple standard phased array probes onto specific 

regions of a wavy surface. In both cases, optimized focal law groups are required to 

adequately focus the acoustic energy. In addition, enhanced UT imaging, taking into 

account the surface geometry, can drastically improve the interpretation of the 

examination data. 

The presented examples will include considerations about phased array probe design, 

selection and generation of focal laws, and inspection results. 

 

It is well known that the examination capability of UT inspection techniques strongly 

depends on the surface condition of the considered components and welds. On 

components with a nearly flat or cylindrical surface, the nominal performance of the 

designed UT inspection techniques can be achieved. Unfortunately, a significant portion 

of the components and welds in the field do not present these ideal surface conditions. 

Some components have an “as-welded” surface condition, for others the weld crown has 

been ground to a smooth but wavy surface finish, and many nozzles have a tapered weld 

region.  
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In these cases, the examination capability of UT techniques can be strongly reduced.  

First of all, for contact techniques, the lack of coupling will inevitably lead to reduced 

coverage of the examination volume. Even when adequate coupling can be achieved by 

using complete or local immersion techniques, the ultrasonic beams are redirected and 

distorted by the surface irregularities. In addition, flaw indications that might be observed 

will not be correctly positioned by the imaging software, and therefore extremely difficult 

to interpret. 

When using conventional UT techniques, the only partial solution for these issues is 

to reduce or adapt the footprint of the probe(s), and this often results in poor examination 

coverage and even poorer performance. 

This paper will demonstrate the potential of phased array technology to offer 

adequate solutions for the UT examination of components with complex and wavy 

surfaces. 

 

In terms of phased array probe design, several solutions have been considered to achieve 

adequate coupling through a complex surface. 

Flexible array probes have been successfully used in laboratory studies for more than 

5 years [1]. The first generation of flexible probes were rather bulky and not sufficiently 

robust for field deployment, but improved 1D and 2D flexible array designs have been 

developed, and are ready to be evaluated in industrial conditions [2]. 

Performing the UT examination in complete immersion is not always an option for 

in-service inspections in power plants. The practical alternative is to use a local 

immersion technique, where a standard rigid phased array probe is coupled to the surface 

via a “water wedge”. The water is contained in the wedge by a conformable low-loss 

membrane. This solution is cost-effective and its feasibility was demonstrated in recent 

studies [3]. Some issues may however arise with the robustness of the conformable 

membrane for field inspections.  

For components where the surface irregularity is essentially limited to a single plane, 

e.g. an axisymmetric tapered nozzle, a solid wedge with a customized footprint can be an 

alternative for the conformable wedge. Although this design has intrinsic limitations, it 

can provide a feasible and practical solution for some inspection configurations. An 

example will be presented later in this paper. 

In addition to achieving adequate coupling, the phased array probe design for a given 

inspection configuration should also have the ability to generate ultrasonic beams with 

appropriate wave modes and refracted angles. In some cases, 2D matrix arrays and dual 

array assemblies will be required to enable performant inspection techniques. 

 

The phased array probe design is only a part of the overall inspection solution. Even 

if acoustic energy is well transmitted through the complex interface, the irregular shape 

may prevent adequate focusing of the sound beam in the region of interest. 

PHASED ARRAY PROBE SOLUTIONS 

INNOVATIONS IN HARDWARE AND SOFTWARE 



A major benefit of phased array technology is that adequate focusing of the acoustic 

energy can be achieved by optimizing the individual element delays to compensate for 

the complex surface profile.  

At the end of 2007, Zetec launched its new DYNARAY® system. This extremely 

powerful phased array UT data acquisition system can be configured with up to 256 

simultaneously active channels and a large number of focal laws (up to 4096), to fully 

benefit from the versatility of 2D matrix array probes. 

The DYNARAY also offers improved inspection capability on complex and wavy 

surfaces. Owing to its raw processing power, the system supports position dependant 

focal law groups. This means that predefined optimized focal law groups can be sent to 

the phased array probe during the inspection sequence as a function of the probe position.  

The new UltraVision® 3 software, with advanced data acquisition and analysis 

functions, is required to drive the DYNARAY system.  UltraVision 3 includes all the 

features of the widely used UltraVision 1 software, but in addition it offers a 3D work 

environment for the creation of components, the generation of focal laws and the 

visualisation of examination data. In particular, the advanced phased array calculator in 

UltraVision 3 can generate optimized acoustic beams through complex inspection 

surfaces. In addition, the software is capable of interpreting the spatial position 

information of the beam exit points, to correctly position the phased array data in the 

specimen. 

In 2009, a large part of the work scope for UltraVision 3 is dedicated to the 

development and validation of 3D tools to support advanced inspection techniques and 

array probes for the examination of complex surfaces. The modelling and the 

experimental work described hereunder are part of the on-going internal validation 

programme. 

 

 
 

Figure 1: DYNARAY phased array UT system 

 

A number of test specimens were designed and fabricated for the internal validation 

programme. All specimens are made of aluminum and contain simple artificial reflectors. 

TEST SPECIMENS 



As the objective of the test programme is to investigate the influence of the surface 

condition, potential influences of material and flaw morphology were deliberately 

eliminated. At this stage, the complexity of the surface was limited to a single plane. 

Several reference specimens were machined with a periodical “waviness” of the 

scanning surface, with various spatial periods and wave amplitudes. The wavy reference 

specimen in Figure 2 has a period of 50 mm and a peak-to-peak amplitude of 4 mm. Each 

segment of the surface is representative of a smoothed weld crown and the weld 

shrinkage on either side of the crown. The specimen contains 2 side-drilled holes with a 

diameter of 2 mm and a far-surface notch with a height of 10 mm. In addition, the 

specimen edges offer specular reflectors at 30 degrees and 60 degrees inclination. 

A flat reference specimen (see Figure 2), containing identical reflectors, was used for 

comparison purposes. 

 

        
 

Figure 2: flat reference specimen (left) and wavy reference specimen (right) 

 

The advanced phased array calculator in UltraVision 3 provides a 3D graphical interface, 

which makes it relatively straightforward to generate the required focal law groups for a 

phased array probe on a given component. The software includes various templates of 

components and weld configurations, for which the user can adjust the geometrical 

parameters. In addition, UltraVision 3 supports custom specimens, that can be imported 

as *.SAT files. This method was used during the test programme on wavy specimens. 

 

Flexible 1D array 

Figure 3 shows the results obtained with a flexible 1D array (2 MHz, 24 elements, pitch 

1.4 mm) for three different configurations. The leftmost images show actual UT images 

and acoustic beam simulations obtained on the flat reference specimen, using azimuthal 

scanning from -75° to 75°LW. The two side-drilled holes (left) and the machined notch 

(right) are well detected and accurately positioned. As expected, the sound beams in the 

flat specimen are coherent and correctly oriented. 

The images in the middle show the results when the flexible array is applied onto the 

wavy reference specimen without adapting the focal laws for the surface condition. In 

this specific case, surprisingly, detection of the artificial reflectors is still fairly good, but 

the positioning is off by at least 5 mm. This behaviour is corroborated by the results of 

the acoustic beam modelling: the sound energy stays reasonably well-focused, but the 

orientation of the beams deviates from the intended directions. 

EXPERIMENTAL VALIDATION OF FOCAL LAWS 



The rightmost images show the results for the flexible array on the wavy reference 

specimen with optimized focal laws and on-line correction of the sector scan image for 

the actual surface geometry.  The quality of the UT image, in terms of reflector detection 

and positioning is very close to the situation for the flat reference specimen. Also, the 

simulated beams are very similar to those calculated for the flat specimen. 
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Figure 3: Actual UT data (above) and corresponding acoustic beam modelling (below) 

from azimuthal scanning with flexible array on reference specimens 

 

 

Generic observations 

 

 The inspection capability of a system based on flexible arrays is basically limited by 

the capability to mechanically “fit” the flexible probe to the considered wavy surface. 

 The generation of optimized focal laws through a complex surface is rather 

straightforward, if the surface doesn’t present major discontinuities. 

 The capability to generate vertically polarized shear waves is very limited, and 

therefore not adequate to obtain volume coverage with an azimuthal sweep. 

 

Rigid 1D Linear Array with Customized Wedge 

Instead of using flexible arrays, it is also possible to use an intermediate medium to 

couple a rigid probe to the wavy surface. 

The use of a solid wedge with customized footprint was investigated during the 

software validation programme. A rigid 1D linear array probe at 2.25 MHz, with 128 

elements and a pitch of 0.75 mm was used. The rexolite wedges were cut for generating a 

nominal 45°SW beam in steel, and had footprints machined to fit perfectly on the surface 



profile of the wavy reference specimen and the realistic tapered specimen. Even if this 

solution does not allow for moving the probe in the incidence plane, it can provide 

coverage of the examination volume through electronic linear scanning of the active 

aperture while keeping the probe static in the incidence plane. For the calculation of the 

focal laws, this configuration is similar to using a water column as coupling medium. 

Figure 4 shows the results obtained for electronic linear scanning at 0°LW with an 

active aperture of 32 elements (24 mm). Image a) shows the UT signals from the back-

wall, the two side-drilled holes and the notch tip in the flat reference specimen (using a 

wedge with flat footprint). Image b) shows the influence of the wavy footprint without 

any correction: as expected, the back-wall is not straight, some parts are missing, and the 

complete image is very difficult to interpret. Image c) shows the drastic improvement 

resulting from using optimized focal laws and the on-line sector scan correction: the 

reflectors are now clearly detected and fairly well positioned, as can be seen from the 

CAD overlay of the specimen. Even if minor distortions of the image remain visible 

(variation of back-wall echo amplitude, deformation of some reflectors), the 

interpretation of the image is quite straightforward. 

Figure 5 shows the results obtained for electronic linear scanning at 40°SW with an 

active aperture of 32 elements (24 mm) on the reference specimens. Again, an important 

improvement of the image quality is obtained when optimized focal laws and on-line 

sector scan correction are applied. 

 

Generic observations 

 

 The inspection solution using rigid arrays coupled by an intermediate medium allows 

for the efficient generation of both longitudinal and shear wave beams. 

 The inspection capability of a system based on rigid arrays can be limited by the laws 

of refraction: this effect increases with the amplitude of the waviness, and when 

higher refracted angles are required. 

 The generation of optimized focal laws through a complex surface is not 

straightforward: for some positions on a wavy surface, certain elements of the array 

cannot contribute optimally to the beam generation process and this may lead to 

remaining beam distortion, especially before and beyond the focal zone. 

 In many cases, the use of an array with more elements than theoretically required is 

helpful to improve the beam forming. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

a) flat reference specimen, nominal focal laws 
 

 
 

b) wavy reference specimen, nominal focal laws, no on-line sector scan correction 

 

 
 

c)  wavy reference specimen, optimized focal laws, on-line sector scan correction 

 

Figure 4: Actual UT data from electronic linear scanning at 0°LW,                                                                     

with rigid 1D linear array and custom wedge on reference specimens 

 

 



 
 

 
 

a) Flat reference specimen 

 

 
 

b) wavy reference specimen, nominal focal laws, no on-line sector scan correction 

 

 
 

c) wavy reference specimen, optimized focal laws, on-line sector scan correction 

 

 

Figure 5: Actual UT data from electronic linear scanning at 40°SW,                                                                     

with rigid 1D linear array and custom wedge on reference specimens 

 

 

 

 

 

 



In order to facilitate and expedite the analysis process for phased array inspections 

on complex components, the Volumetric Merge tool in UltraVision 3 has been enhanced 

to allow for realistic 3D visualization of phased array data in the CAD model of the 

component. 

Fig. 6 shows the 3D visualization of merged phased array data at 50°SW, recorded 

with a rigid 1D linear array and custom wedge, in a tapered nozzle specimen. Obviously, 

this type of representation allows for accurate positioning and sizing of flaw indications, 

even in complex components, thus drastically improving the examination performance.  

 

  

At this time, the UltraVision 3 software allows for focal law calculation and acoustic 

beam modelling through complex and wavy surfaces where the irregularity is limited to a 

single plane. Both 1D flexible arrays and rigid 1D arrays coupled through an intermediate 

medium are supported. Future developments will include the support of 2D arrays and 

dual array configurations, and the extension towards generic rough and wavy surfaces. 

Also, optimization of the focal law generation for rigid arrays is being investigated. 

 

 
 

Figure 6: 3D image of merged phased array UT data obtained with rigid 1D linear array 

and custom wedge, in tapered nozzle specimen 

 

 

 

3D IMAGING OF PHASED ARRAY UT DATA 

FUTURE WORK 



From the work presented in this paper, the following conclusions can be drawn: 

1. Phased array technology definitely has the potential to offer adequate solutions for the 

UT examination of components with complex and wavy surfaces. 

2. Several alternatives are feasible in terms of probe design: flexible array probes, and 

rigid array probes with a conformable or customized wedge 

3. The use of focal laws that compensate for the irregularity of the surface is essential to 

obtain adequate examination capability on complex and wavy surfaces. 

4. Enhanced UT imaging, taking into account the surface geometry, can drastically 

improve the interpretation of the examination data. 

5. State-of-the-art software supporting these advanced inspection solutions is 

commercially available, and further development of new features is on-going. 
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