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ABSTRACT 
 
Phased array UT inspections involving linear arrays, using either sectorial scanning or multiple-angle 
raster scanning, are commonly used in the nuclear industry, and have even been introduced in various 
codes and standards. But the industry is continuously looking for innovative 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 UT technology, for 
inspections on components with complex or wavy surfaces. It will illustrate how advanced software 
features and high-performance phased array hardware support these innovative phased array 
inspection concepts. 

The development of more advanced phased array UT inspection techniques starts with the 
determination of the acoustic beam characteristics required to adequately insonify the target flaw 
positions. Existing codes and standards will often be efficient while dealing with simple components 
(flat, pipe), but may display limitations for more complex surfaces. The ability to perform 3D ray-
tracing on postulated defects in an accurate CAD model of the component, can drastically improve the 
capability to identify and select adequate inspection techniques. Also, modeling of the scanning 
mechanism and the inspection sequence will allow for assessment of the inspection coverage. Various 
methods will be addressed to import accurate information about the component surface, and the 
available modeling tools will be illustrated. 

1D linear and 2D matrix flexible array probes can be used to improve the examination 
capability on complex components. Alternatively, conformable wedges and wedges with custom 
contouring can be used to couple standard phased array probes onto specific regions of a complex or 
wavy surface. In both cases, optimized focal law groups are required to adequately focus the acoustic 
energy in each region of the component.  

Finally, realistic visualization of the inspection data in the 3D CAD model of the component 
will improve accuracy and efficiency of the analysis of the recorded phased array UT data. 

The examples presented will include considerations about the design of phased array probes and 
inspection sequences, selection and generation of focal law groups, and adequate display of inspection 
results. 

 
 

INTRODUCTION 
 
Software modeling and visualization tools can be used for the design and validation of advanced UT 
inspections, and are also very useful during the analysis of the examination data, and for the detailed 
investigation of reported indications. This is true for both conventional UT and phased array UT 
inspections. However, advanced software tools are probably more essential for inspections involving 
phased arrays, as these are often applied on complex geometries, and can involve multiple beams 
generated from a single probe: for example, the increasing application of 2D arrays that can generate 
beams with a range of refraction and skew angles. 

3D ray tracing can be utilized, for a given component and defect combination, to determine 
where a probe should be placed and what refraction and skew angles are required to insonify the 
defect. If a representative CAD model of the component is available, accurate information can be 
extracted regarding the incidence angle on the defect, thus enabling an initial assessment of 
detectability. Ray tracing also provides information regarding travel times for echoes scattered from 
the defect and for geometric echoes in the component.  

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

=1
17

07



3D rays can be used to provide a graphical representation of focal laws and their formation.  Multiple 
rays can provide an indication of coverage achieved either for a single crystal or a phased array probe. 

Beam simulation can be utilized to design probes and wedges to meet a specification. 
Alternatively, it could be used to assess whether or not an available probe will be suitable for a 
particular application. Beam simulation can also provide information regarding the following: can the 
specified focal law be generated; the presence of sidelobes and grating lobes; the relative strength of 
both shear and compression wave components when using a wedge; the effect on the beam structure 
of ‘dead’ elements. 

Accurate representation of the probe trajectory on the considered component (inspection 
sequence), in combination with the above-mentioned ray-tracing, will allow the UT technique 
developer to assess inspection coverage and to optimize the inspection technique. 

Finally, a realistic 3D visualization of UT examination data in the CAD model of the inspected 
component will drastically facilitate and expedite the analysis process for phased array inspections on 
complex components. Obviously, this type of representation will allow for accurate positioning and 
sizing of flaw indications. In addition, flaw characterization may be improved by corroborating 
indications with 3D ray-tracing on the same CAD model. 

The initial approach adopted by Zetec in the creation of advanced 3D software tools was to 
develop them as customized add-ons to AutoCAD. In 2008, Zetec introduced the new UltraVision® 3 
software platform, including all the features of the widely used UltraVision® 1 software, but offering 
in addition a complete 3D work environment supported by an embedded CAD engine. The majority 
of the above mentioned software tools have now been migrated and improved. 

 
 

INSPECTION CONFIGURATION DEFINITION 
 
The input information for any UT inspection technique development consists of the detailed 
inspection objectives, and a complete and accurate description of the inspection configuration. 

The inspection objectives include a complete description of the flaw(s) to be considered: type, 
size, location, orientation and other characteristics; as well as the detailed requirements for detection 
and sizing of these flaws. 

The description of the inspection configuration should include an accurate graphical 
representation of the component or weld to be examined, detailed information about base materials 
and weld materials, and any access restrictions that could be relevant to the implementation of the 
inspection techniques and equipment.  

Obviously, the ability to use a CAD model of the component to be inspected in the UT and 
phased array inspection software package will greatly facilitate and expedite the inspection 
preparation. UltraVision® 3 offers various alternatives to achieve this goal. 

For some inspection configurations, typically with complex but regular inspection surfaces, the 
software offers a set of pre-defined components with welded configurations that can be modified by 
the operator to represent the actual configuration (see Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Figure 1 - Pre-defined welded component, can be parameterized by operator. 

 
In other cases, a realistic CAD file of the existing component is readily available, in which case 

it can be simply imported, using the *.SAT file format 
However, for a large number of cases in the field, no accurate as-built CAD models are 

available. To deal with this, UltraVision® 3 offers a “Specimen Generator” tool that enables the 
creation of a 3D specimen from a complex surface shape replicated with a manual profile tool (see 
Figure 2). Furthermore, an on-going development effort is concerned with the interfacing of the 
software with CAD files generated by 3D laser scanning of the component surface using a flexible 
portable scanning device. Figure 3 shows the CAD file of a critical component of a CANDU type 
reactor, generated by this advanced technology. 

 

 
Figure 2 - 3D specimen (right) generated by importing replica from manual profiling tool (left) 

 
 
 
 
 
 



 

 
Figure 3 - Grayloc of CANDU reactor feeder tubing: component with 3D laser scanning device (left, 

courtesy of Créaform), generated CAD file (right) 
 
Independent of the method used to generate the CAD model, the component material can be 

specified and postulated defects that should be covered by the inspection method can be inserted. 
Currently, elliptical, circular and rectangular reflectors can be used, embedded or surface-breaking, in 
addition to custom shapes that can be imported from *.SAT files. 

 
 

3D RAY-TRACING 
 
Inspection technique development starts with the identification of ray paths that will be efficiently 
redirected towards the emission point, and that will adequately cover the examination volume. 
Obviously, computerized 3D ray-tracing can greatly improve the efficiency of this operation. 

For a given component-defect combination, a source location on the component surface can be 
specified in UltraVision® 3, from which an “azimuthal” set of rays covering a range of refracted 
angles and/or skew angles can be emitted. The software will perform reflection of the rays from 
geometrical reflectors and/or defects, and allow the operator to evaluate the corresponding detection 
probability (see Figure 4), and the range of defect locations and orientations that are covered by a 
given range of refracted/skew angles. 

In some cases, e.g. nozzle-to-shell welds of nuclear and other vessels, the challenge of the 
inspection technique development is to determine where the probe should be positioned to efficiently 
insonify a given defect. In this case, the software package can be used to back-trace a specular ray 
from the defect to the surface of the component, and to find the refracted angle and skew angle of the 
beam to be generated from the intersection point. 

When performing an automated inspection of a saddle weld using a probe with constant 
refracted angle and skew angle, the specific geometry will cause the acoustic beam to deviate from its 
optimal orientation perpendicular to the weld. The software package offers an optimization tool that 
takes into account the change of geometry while the probe moves around the saddle weld, and 
automatically generates a set of optimized rays for each probe position (see Figure 5). An appropriate 
phased array probe can then be used to generate acoustic beams with refracted angle and skew angle 
values that correspond to the optimized rays. 

 
 
 
 
 
 
 
 
 



 

 
Figure 4 - “Azimuthal” set of rays, insonifying a turbine blade root attachment 

 

 

 
Figure 5 - Saddle weld inspection technique development: default rays (red) versus optimized rays 

(blue) 
 
 



ACOUSTIC BEAM SIMULATION - DETECTION CAPABILITY ASS ESSMENT  
 

Once ray paths and wave modes for adequate insonification of the considered flaws have been 
determined, the next task is designing the phased array probe assemblies required to generate these 
beams. Acoustic beam simulation is an ideal tool to efficiently optimize the design parameters of 
phased array probes and wedges. UltraVision® 3 allows the user to compute, visualize and 
quantitatively characterize the energy distribution in the acoustic beam generated by various probe 
types, from single element conventional UT probes to advanced 2D matrix arrays and flexible 
arrays.Figure 6 (left side) shows the acoustic beam generated by a low-frequency dual 2D matrix 
array probe, used for the inspection of thick stainless steel welds. A similar type of array probe is 
shown in Figure 6 (right side), used for the inspection of a dissimilar metal weld conducted from the 
ID surface (1). Figure 7 shows how a 1D flexible array probe can generate an appropriately focused 
acoustic beam through a tapered weld surface (2). In all cases, the acoustic beam simulations can be 
performed in a single plane or a 3D volume.  

From the result of the acoustic beam simulations, the development engineer can assess both the 
detection capability and lateral resolution of his inspection technique in various regions of the volume 
to be examined, and decide to modify the beam characteristics mechanically (by changing the probe 
or wedge design) or electronically (by modifying the focal laws). Important technical decisions can be 
taken early in the inspection preparation, to avoid extra costs for alternative probes or extended 
inspection time for technique optimization. 

 

 
Figure 6 - Acoustic field simulation of low-frequency dual 2D matrix arrays 

 
 

SCANNER TOOL - EXAMINATION COVERAGE ASSESSMENT  
 
Another important aspect of inspection technique development is to provide an accurate assessment of 
the coverage of the volume to be examined, taking into account as-welded conditions, complex 
geometry and access limitations. 

UltraVision® 3 includes a “Scanner Tool”, that performs a simulation of the inspection scanner 
movement of the probe on the specimen. At each probe position, a complete set of rays can be 
created, thus allowing a complete coverage map for each refracted/skew angle used during the 
inspection to be generated (see Figure 8). 

Various common scanner types are already supported: a simple one-line scanner, a XY table 
scanner, pipe scanner for ID and OD inspections, and a polar scanner. 

 
 
 
 
 
 
 



 

 
Figure 7 - Acoustic field simulation of a flexible array probe 

 

 
Figure 8- Examination coverage map of a tapered component: 45°LW (in blue) and 60° LW (in green)  



INSPECTION THROUGH A COMPLEX SURFACE  
 
It has been shown that to adequately inspect a complex component, the focal law calculation needs to 
compensate for the complex surface profile (3).  

The optimization of the focal laws at a specific probe position implicitly means that these laws 
will not be suitable for all positions. This issue can be overcome by using position dependent focal 
law groups. 

This advanced tool of the UltraVision® 3 software enables the user to divide a complex 
inspection surface into “regions” with constant surface profile, as shown in Figure 9. 

 Optimized focal law groups for each region of the complex surface can be generated and stored 
during the setup process. 

During the inspection sequence, the software will dynamically select the focal laws to be sent to 
the phased array probe, as a function of the probe position. Up to 4,096 different focal laws can be 
handled for a given setup. The encoder feedback informs the equipment about the position of the 
probe so it can apply in real-time the correct set of focal laws for the corresponding surface profile. 
The capability of using only the required focal law group, instead of all laws covering each surface 
condition in a single setup, will drastically reduce the inspection time and the data file size. 

The data acquired for each region can then be merged offline and visualised as a single group, 
as shown in Figure 10. 

 
Figure 9 - Definition of the “regions” on a tapered specimen surface  

 
 

 
Figure 10 - Actual UT data acquired with a flexible array on a tapered specimen using the position 

dependent focal law groups tool 



3D DATA VISUALIZATION – FLAW CHARACTERIZATION  
 
In order to create an accurate 3D image of the ultrasonic data, several steps need to be accomplished, 
involving various tools in UltraVision® 3. The “Scanner Tool” is used to calculate the probe location 
and orientation on the actual component, from the Scan/Index coordinates of the inspection sequence 
and the surface profile of the component. Then, the beam path is calculated using the 3D ray-tracing 
feature. Finally, the raw A-scan signals are converted into 3D coordinates. 

The capability of a software package to visualize the recorded data in a 3D CAD model of the 
actual component under inspection can drastically improve the quality and the efficiency of the data 
analysis process. This feature enables the evaluation of each relevant indication in a 3D environment, 
where its size and position with regards to the geometry can be measured.  

Figure 11 shows projected 2D images and a 3D representation of phased array UT data recorded 
on an austenitic weld specimen with an as-welded surface condition (courtesy of EPRI).  Taking into 
account the actual “wavy” surface profile of the component allows to accurately plot an ID surface 
breaking flaw, as well as geometrical indications at the OD surface.  

 

 
 

 
 

Figure 11- Phased array UT data recorded on pipe weld with as-built weld crown (Courtesy of EPRI) 



CONCLUSIONS 
 
1. Modeling is an essential tool in the design of phased array probes and the specification of focal 

laws. 
2. The availability of an accurate CAD model of the component to be examined is a necessary 

condition for successful technique development. 
3. 3D ray tracing can be used to determine what focal laws are required and to assess if the required 

coverage is being achieved. 
4. Acoustic beam simulation can be used to design phased array probe & wedge assemblies, and to 

assess if the specified focal laws can be efficiently generated. 
5. The use of position dependent focal laws, compensating for the irregularity of the surface in each 

region, is essential to obtain adequate examination capability on complex and wavy surfaces. 
6. Enhanced 3D UT imaging, taking into account the actual component geometry, can drastically 

improve the interpretation of the examination data. 
7. State-of-the-art software, including powerful tools to support advanced inspection solutions is 

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