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Phased array UT examination of austenitic welds (homogeneous stainless steel welds, dissimilar metal 

welds) has been applied and formally qualified for in-service inspection in nuclear power plants for more 

than 10 years. 

Due to more stringent regulations on the use of radiography for manufacturing inspections of welded 

joints in many countries all over the world, other industries show increased interest in phased array UT as 

an alternative volumetric inspection technique, even for austenitic welds.  

Although most of the elements of a “successful” inspection solution are known to UT experts, the 

implementation is still perceived as laborious, complex and expensive, and often requires either a high-

end software package, or several packages. 

This paper will show how a series of “standard” dual matrix array probes and wedge assemblies can 

be easily set-up using a portable, but high-power phased array unit and its embedded software, thus 

allowing for efficient and robust austenitic weld inspections.  

The performance of well-chosen dual matrix array assemblies will be illustrated with ultrasonic data 

from practical trials on various representative austenitic weld specimens containing artificial and realistic 

flaws. It will be shown how the UltraVision Touch software solely supports all steps of the examination 

process, including comprehensive visualization of the data, and efficient data analysis. 

 

 

For decades, industrial radiography (RT) has been the commonly used volumetric examination technique 

for a welded joint and the heat-affected zone after manufacturing. This technology has however several 

drawbacks: RT is insensitive to misoriented planar defects, it does not provide immediate feedback to the 

welders, and it is disruptive to other construction activities.  

Over the last decade, safety regulations have become increasingly more severe worldwide, and the 

use of radiography has been drastically restricted. Codes and standards have already evolved to allow 

encoded ultrasonic testing to replace radiography as a volumetric examination technique for many types of 

carbon steel welds.  

In recent years, asset owners in various industries also want to use phased array UT to replace RT for 

the volumetric examination of austenitic welds, but this requires careful selection of inspection techniques, 

appropriate phased array probes, and the use of state-of-the-art phased array systems and software. 

Phased array UT examination of austenitic welds, dissimilar metal welds as well as homogeneous 

stainless steel welds, has been formally qualified for in-service inspection in nuclear power plants more 

than 10 years ago (1), (2). Since then, these inspection solutions have been adopted and successfully 

deployed by NDE service vendors in nuclear power plants worldwide. 

Examination procedures for austenitic steel welds typically involve dual 2D matrix arrays placed on 

exchangeable wedge assemblies, contoured to match the OD surface of the considered component. 

Low frequencies are used, 1.5 MHz for inspection of dissimilar metal welds and other attenuating 

materials, and from 2 MHz to 3.5 MHz for homogeneous wrought stainless steel base material and welds. 

Shear wave beams can be well-suited for examination of fine grain base material, but longitudinal 

waves will provide better inspection capability whenever insonification through coarse-grain austenitic 

weld material is required. 
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The dual (T/R) configuration offers the following benefits: absence of near-surface “dead-zone”, 

elimination of “ghost echoes” caused by internal reflections in the wedge, and finally better sensitivity and 

SNR (signal-to-noise ratio) due to the convolution of T and R beams. 

2D matrix array technology allows for optimized focusing and optimized steering of the acoustic 

beam, and for simultaneous variation of refracted angle and skew angle, to improve detection capability 

on mis-oriented flaws. 

 

 

Most of the elements of a “successful” inspection solution for austenitic welds are known to UT experts. 

Still, the implementation of the inspection techniques mentioned above is often perceived as laborious, 

complex and expensive. Indeed, executing the process from inspection preparation and setup to data 

analysis and flaw characterization, historically required a high-end software package controlling the 

phased array unit from a remote computer. Alternatively, additional software packages would be required 

for building the setup with matrix arrays and for efficient data analysis, to compensate for the lack of 

flexibility of on-board software in most portable units. 

Zetec recently launched its TOPAZ32 portable phased array unit, driven by a 64-bit on-board 

computer, to let the users benefit from the evolution in computer performance. Extensive benchmarking 

showed that the additional computing power allows to execute operations like setup creation, focal law 

calculations, data merging and reporting roughly twice as fast as on the original TOPAZ, already a “best-

in class” portable unit. The high-quality UT components of the TOPAZ remained unchanged, to preserve 

full equivalency of formal qualifications and performance demonstrations obtained with the original units. 

TOPAZ32 is controlled by the embedded UltraVision Touch Advanced software, and now includes 

the on-board support of 2D matrix arrays. Further in this paper, multiple examples will demonstrate the 

flexibility and efficiency of the software in setting up single or dual 2D matrix array configurations, for 

various weld types. The benefit of visual feedback on focal law generation for coverage assessment will 

be emphasized. Data merging is available on-board, allowing for comprehensive visualization of 

examination results with varying refracted angles and skew angles, and for efficient data analysis. 

The 8 GBytes RAM in the new computer allows for an increased data file size up to 2 GBytes in 

stand alone mode. This increases the efficiency of the inspection workflow when a large number of focal 

laws are used on thicker components. The on-board 120 Gbytes SSD allows to store more than 50 of these 

large data files, and therefore eliminates the need for time-consuming data transfer during the workshift. 

 

Circumferential flaws in dissimilar metal welds 

Dissimilar metal welds in nuclear power plants are typically ground-flush, and allow for scanning of the 

probes on the weld surface.  

For detection and sizing of circumferential flaws, 1.5 MHz dual 2D array assemblies with a large 

footprint can be used to generate focal laws at 45°, 60° and 70° LW with an adaptable primary aperture. 

This “aperture” is then “electronically scanned” in the axial direction to create a set of linear focal laws. 

The UltraVision Touch Advanced software allows the operator to simply select the required dual array 

probes and wedge assemblies from the database. The on-board Calculator then allows to define the 

appropriate parameters of the focal law groups for linear scanning, and gives direct visual feedback on the 

coverage provided by the 3 insonification angles (see Figure 1). 

The ultrasonic beams are oriented perpendicular to the weld, and a multiple-line inspection sequence 

is used to fully cover the examination volume. The axial positions of the different scan lines are 

determined as a function of the pipe thickness, the weld bevel and the access restrictions of the 

component. 

HARDWARE AND SOFTWARE INNOVATION 

INSPECTION TECHNIQUES FOR AUSTENITIC WELDS 



 

           
 

Figure 1: Coverage with 45°LW, 60°LW, 70°LW for circumferential flaws in typical dissimilar metal weld 

 

The considered examination method has been proven effective for various types of circumferential 

defects. The raw examination data can be volumetrically merged in UltraVision Touch, either angle by 

angle or all angles together. 

Figure 2 shows ultrasonic images obtained on a 12” dissimilar metal weld with several acoustic 

interfaces and a wall thickness of 30 mm (PDI practice sample, containing 2 circumferential cracks). The 

longitudinal wave beams provide excellent detection capability through the weld material with a high 

signal-to-noise ratio (SNR). Tip signals can be resolved for accurate through-wall sizing of ID cracks (see 

image on the right). The on-board software provides all the tools to efficiently evaluate and report the flaw 

indications. 

. 

 
 

Figure 2: On-board analysis of phased array data (45°LW) from circumferential ID cracks in DM weld:                              

global view (left) and tip diffraction signals (right) 

 

 

 

Axial flaws in “ground flush” weld condition 

If the weld cap is ground flush, phased array probes can be scanned on the weld surface. Dual 2D arrays at 

1.5 MHz can be used with wedge assemblies for sectorial scanning using the complete aperture of the 

probe. Depending on pipe diameter and wall thickness, small assemblies using 5 x 3 matrix arrays, or 

larger assemblies using 8 x 4 matrix arrays are recommended. 

The wedge assemblies are designed to allow for the generation of acoustic beams with refracted 

angles between 25° and 65° (with adaptable increments), and skew angles from -20° to 20° (with typical 



increments of 2.5°). This results in a total of approximately 80 acoustic beams (depending on pipe 

thickness and diameter) being fired at each search unit position. Figure 3 shows a schematic representation 

of this inspection technique on a typical weld geometry. In most cases, longitudinal waves will provide the 

better results. 

 

       
 

Figure 3: Inspection technique for axial flaws in dissimilar metal weld 

 
For axial flaw examinations, the ultrasonic beams are oriented essentially parallel to the weld. A 

multiple-line inspection sequence is used to fully cover the examination volume. The axial positions of the 

different scan lines are determined as a function of the pipe thickness and the weld bevel. The skewing of 

the beams is used to reduce the required number of scan lines, and thus the total inspection time. Two 

scans are performed, one with the phased array assembly aiming in the clockwise direction, and one 

aiming counter-clockwise. 

The considered examination method has proven to be effective for detection and sizing of axial flaws 

in austenitic welds. Figure 4 shows the phased array data obtained on a 14” dissimilar metal weld with a 

wall thickness of 30 mm. The volumetric merge process provides a comprehensive image of the 

examination results from all skew angles, for a given refracted angle. The longitudinal wave beams 

provide excellent detection capability with a high SNR.  

Manufacturing inspection of stainless steel welds: flaws parallel to the weld 

When performing manufacturing inspections “in Lieu of RT”, the examination needs to cover the 

complete wall thickness of the weld volume and heat-affected zone. Most often, the weld cap will be in 

place. In carbon steel welds, shear wave beams are recommended to insonify the examination volume 

from two sides, and the second half skip will often be used to obtain specular reflections from defects in 

the weld bevel. 

Similar shear wave techniques, at lower frequencies, can be used to inspect the near-side bevel region 

of stainless steel welds, but cannot be relied on for examination through austenitic weld material. Also, for 

so-called CRA welds, a corrosion resistant alloy clad is present at the ID of the carbon steel pipe, and the 

second half skip from shear wave beams cannot be used effectively. 

 



 
 

Figure 4: Phased array merged data (25°LW, multiple skews) from axial ID cracks in dissimilar metal weld 

 

Dual 2D matrix array probes, generating refracted longitudinal wave beams from 30 to 85 degrees 

can be used to completely cover the examination volume (see  Figure 5). For wall thicknesses between 15 

and 50 mm, a frequency between 1.5 and 2.25 MHz is considered appropriate, depending on the base 

material attenuation. Based on practical experience and theoretical validation through acoustic beam 

simulation, a standard set of TRL probe assemblies was designed. By optimizing the wedge angle, and the 

element configuration of the matrix probe, it is possible to efficiently generate the large sweep of refracted 

angles without relevant side lobes (see Figure 6). The footprint of the wedge assembly in the incidence 

plane is kept to a minimum, to allow for positioning the beam exit points as close as possible to the weld. 

 

                 
 
Figure 5: Inspection technique for manufacturing inspection of SS welds:                                                               dual 

2D matrix array assembly in TRL mode 



             
 

Figure 6: Design of 2.25 MHz dual 10 x 3 matrix array (TRL) 

 

 

 

 
 

Figure 7: Phased array merged data from standard 2.25 MHz dual 10 x 3 matrix array (TRL) on 304 SS plate weld 

 

 

The performance of the standard 2.25 MHz dual 10 x 3 matrix array in TRL mode was evaluated on a 

304 stainless steel plate weld, with a wall thickness of 25 mm. The test specimen has a typical V-bevel 



and “as-welded” surface condition, and contains realistic and well-documented welding defects, oriented 

parallel to the weld. 

Figure 7 shows an image of the merged phased array data from all refracted angles (from 30° to 85° 

LW) for the whole weld length. Data acquisition was performed at low gain setting, to avoid saturation on 

flaws with high-reflectivity. The 16-bit data resolution allows to use appropriate soft gain setting for 

various defect types. Data interpretation can be facilitated by adequately positioning the projection gates 

(see VC-End View at the right): the strong root signal can be hidden on the VC-Top View, and the shear 

wave mode conversions can be hidden on the VC-Side View. 

 

 

 
 

Figure 8: VC-End Views of merged data from individual flaws, detected from one side of the weld 

 

 

 

 

 

Images from the individual flaws, generated with the same merged data group, are shown in Figure 8 : 

• A lack-of-fusion defect on the near-side of the weld is detected through non-specular reflections of the 

upper and lower edge 



• An incomplete penetration defect (1.5 mm high) is easily detected and discriminated from the regular 

root echo; in fact, the low refracted angles also provide good detection capability on ID cracks, on 

both sides of the weld; tip signals can be resolved for accurate sizing of small cracks from the near-

side of the weld 

• The high-angle longitudinal wave beams provide excellent detection of a near-surface crack, without 

any noise from side-lobe signals 

• A cluster of porosity, in the center of the weld material can be well detected, and demonstrates the 

propagation capability of the longitudinal wave beams through weld material 

Axial crack detection in stainless steel welds with cap 

If the weld cap cannot be removed prior to the examination, an alternative inspection technique can be 

used to detect axial (transverse) cracks in pipe welds. In such cases, single matrix array probes in pulse-

echo mode can be used to “skew” the sound beam under the weld cap. Since the sound beam essentially 

propagates in base material, shear waves can reliably detect flaws at the near-side of the weld. 

 

             
        

Figure 9: Inspection technique for axial cracks with weld cap in place 

 

Ideally, the weld should be inspected with 4 beam orientations (see Figure 9), and two symmetrical 

wedge assemblies are required to examine from opposite directions, i.e. clockwise and counter clockwise.  

Depending on the frequency and the size of the individual elements of the array, wedge assemblies can be 

optimized to generate shear wave beams with refracted angles between 40° and 65°, and four or five skew 

angles between 25° and 50° relative to the scan axis direction. More than 50 acoustic beams are fired at 

each search unit position. The definition of focal law groups with different skews is easily handled in the 

on-board Calculator, as shown on Figure 10. 

             A two-line inspection sequence is often used to fully cover the examination volume. The axial 

positions of the two scan lines are determined as a function of the pipe thickness and the weld crown 

width. The first scan line, as close as possible to the weld crown toe, aims for flaws located near to the 

weld root, whereas the second scan line completes the coverage of the heat-affected zone. The footprint of 

the probe assemblies will be optimized to bring the beam exit point as close as possible to the weld crown 

toe without generating major internal reflections in the wedge. 

 



         
 

Figure 10: Setting up inspection for axial cracks with weld cap in place 

 

This examination method was found quite effective for the detection of misoriented axial flaws. Figure 

11 shows the phased array images obtained on an axial crack in a stainless steel weld: the flaw is detected 

with various skew angles, and a high SNR can be observed. The Polar View available in the on-board 

software facilitates data interpretation by visualizing the merged data group in a realistic cylindrical 

geometry. 

 

     
 

Figure 11: Phased array merged data (various SW angles & skews) from axial crack in SS weld:                           

regular Projection Views (left) and Polar View (right) 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 



 
From the practical examples presented in this paper, the following conclusions can be drawn in relation 

with phased array UT examination of austenitic welds: 

 

1. Examination techniques based on 2D matrix array probes provide very good inspection capability on 

both circumferential and axial flaws in stainless steel and dissimilar metal welds 

 

2. Standardized dual 2D matrix array configurations, operating in TRL mode, can effectively cover the 

examination volume for stainless steel welds with the weld cap in place, and allow to detect both 

planar and volumetric flaws 

 

3. Inspections with 2D matrix array probes can now be efficiently set up, deployed and interpreted using 

a high-power portable phased array unit and its on-board software, without the need of any additional 

software package 
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