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Abstract  

The development of an effective ultrasonic mapping tool required a fresh approach to an old and ongoing problem 

of inspection of external touch-point corrosion at pipe support locations.  Existing techniques are based around 

conventional, mono-element piezo-electric transducers which generate specific angles and wave modes.  This paper 

highlights the discover stage findings of a new approach using phased array ultrasonic methods.  The Phased Array 

Composite Angle Technique (PA-CAT) is currently under development by the authors with co-operation from major 

industry service providers and asset owners.  The findings of the initial research and development phase are 

presented, dealing primarily with signal attenuation effects on a set of composite angles generated using phased 

arrays.  Artificially machined defects in plates of various thicknesses are used to establish baseline results and guide 

further testing.  Preliminary results are shown to provide good remaining wall thickness accuracy along with the 

many advantages that phased array testing provides including freedom from probe spacing restrictions and analysis 

capability of multiple simultaneous angles. 
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1. Introduction 

Corrosion at pipe supports is a concern across many industries.  Problems typically occur at the 

bottom of the pipe where a small corrosion cell is created at the support point.  This can also 

occur around the sides and top of the pipe where it may be restrained by clamps or U-bolts.  In 

either case, direct hands-on access to the corrosion surface is restricted which limits the 

inspection options.  Lifting the pipe or implementing secondary support to examine the areas of 

concern are typically avoided as the severity of the corrosion is unknown and the activity may 

increase the risk of failure.   

Following visual inspection to identify target areas, inspection is usually performed with 

radiographic (RT) or ultrasonic (UT) techniques.  Quantification of corrosion can be difficult 

with RT as the corrosion measurement is based on film density which can vary significantly with 

slight variations in exposure angles and interference from the pipe support. Ultrasonic tools using 

electro-magnetic acoustic transducers (EMAT) [1] and guided waves [2][3] have been used, but 

the implementation and signal characterizing differs traditional UT.  Most UT technicians still 

rely on understanding of conventional ultrasonic pulse-echo or pitch-catch techniques. 

Many conventional UT techniques have been researched and implemented into testing programs 

over the past 20 years for inspection of corrosion at pipe supports.  In the late 1990’s, Shell 

developed the Pipe Support Tool, which used shear waves traveling around the pipe 

circumference in a pitch-catch configuration [4].  In a pulse-echo configuration, Shivaraj et al 

have studied the effect of reflection from radial drilled holes to simulate pitting corrosion [5].  

Conventional approaches such as CHIME®, used mainly for screening and categorization, and 

M-Skip® which can be used for detection and sizing of some locations [6] are also used. 

The implementation of a phased array approach to the problem has not yet been thoroughly 

investigated.  This paper attempts to introduce phased array testing to the problem and explore 

what improvements can be made to both detection and sizing of wall loss at pipe support 

locations. 

2. Comparison of Phased Array and Conventional UT 

Applying a similar technique using conventional mono-element transducers requires the 

foresight to select an appropriate spacing between the transducers.  At any combination of 

inspection angle and plate thickness there is only one probe spacing corresponding to a skip 

number for optimal transmission of sound between the transducers.   Figure 1 shows an example 

for 4 full skips, or “WW”.  This spacing requirement may be complicated for in-service 

inspections by geometric limitations, support mounts and adjacent piping. 



 

Figure 1: Probe spacing optimized for conventional UT (example) 

Utilizing phased array with an angular sectorial sweep provides a multitude of optimum angles 

for any probe spacing available.  Figure 2 illustrates a similar example of three optimal angles at 

one probe spacing using a phased array sectorial sweep, forming the 4-skip “WW”, 3-skip “WV” 

and 2-skip “W” paths.  Note that only even numbered skips will interrogate the OD surface 

where the corrosion is expected. 

 

Figure 2: Multiple optimum angles at one probe spacing with PAUT 

3. Test Apparatus 

Plates with dimensions of 18 × 24 inch (457 × 610 mm) with thicknesses of ¼ inch (6.4 mm), 

3/8 inch (9.5 mm) and 5/8 inch (15.9 mm) were prepared with simulated wall loss patches of 20, 

40, 60, 80 and 100% (Figure 3).  Each patch was defined by subtraction of an idealized spherical 

pattern with diameter and depth varying in respect to plate thickness and target wall loss (Figure 

4).   



 

Figure 3: Closeup of machined plate 

 

 

Figure 4: Example of machined corrosion profile (5/8 in. plate, 40% loss) 

Ultrasonic test equipment consisted of a Sonatest Veo+ 32:128, two Olympus 5L16-A10 

transducers mated to 55° wedges, a water pump for couplant delivery, and a Jireh ODI-II scanner 

(Figure 5).   



 

Figure 5: Scanning setup 

4. Data Acquisition 

A study was undertaken to examine amplitude signal responses.  The two probes were set up in a 

pitch-catch arrangement using an unfocused sectorial group from 40° to 75° in 1° angular steps.  

Data was recorded in the unrectified format at 1 mm increments using 125 MHz sampling 

frequency and sub-sampling set at 1:4.  Probe center spacing (PCS) was varied from 150 mm to 

350 mm in 50 mm increments, with the spacing measured between the wedge front faces.   

Data acquisition was performed over the 5 simulated corrosion patches and 3 plate thicknesses, 

resulting in a total of 15 data files (Table 1). 

Table 1: Data files 

 PCS 

Plate Thickness 150 200 250 300 350 

1/4” (6.4 mm) 1a 1b 1c 1d 1e 

3/8” (9.5 mm) 2a 2b 2c 2d 2e 

5/8” (15.9 mm) 3a 3b 3c 3d 3e 

 

5. Data Analysis 

Data was presented in five different views for analysis: S-scan, A-scan, B-scan, Top View and 

End View.  The Sonatest platform provides an extraction cursor for advanced data analysis 

which serves as a true depth gate in the vertical S-scan axis combined with a projected distance 

gate in the horizontal axis.  The Top View is formed by “looking down” through the top of the 

extraction cursor, whereas the End View is formed by “looking across”.   



The analysis layout showing all views is shown in Figure 6.  The extraction cursor appears as an 

orange box within the S-scan. 

 

Figure 6: Data analysis layout (clockwise from upper left: S-scan, B-scan, Top View, End View, A-scan) 

For the initial trials, wall loss detection and profile measurements were performed using signal 

attenuation.  The composite amplitudes of all the angles were compiled and plotted for each PCS 

as follows:  



 

Figure 7: Composite signal attenuation (6.4 mm plate) 

 

 

Figure 8: Composite signal attenuation (9.5 mm plate) 

 



 

Figure 9: Composite signal attenuation (15.9 mm plate) 

The effect of the 5 corrosion patches (left to right, 20% to 100%) on signal amplitude is shown 

for each plate thickness (Figure 7, Figure 8, and Figure 9).  The Y-axis is plotted on a 

logarithmic scale revealing attenuation which steadily increases with wall loss.   

The trend in the above figures is unsurprising, given that increasing wall loss leaves less metal 

ligament remaining through which to pass sound.  Comparing amplitude to wall loss is the basis 

of several techniques used currently in industry.  However, implementing a phased array 

approach provides distinct advantages including: 

1. Examining the composite signal removes restriction on probe spacing requirements for 

individual angles 

2. Ability to extract data from multiple angles for optimal time-of-flight signal analysis 

3. Composite angle attenuation is more predictable than analysis based on individual angles  

Using amplitude analysis alone, the following figure illustrates the potential accuracy of the 

technique as compared to an individual angle: 



 

Figure 10: Initial trial results comparing PA-CAT and single angle attenuation 

6. Conclusions 

The initial trials demonstrate the simple relationship between signal attenuation and wall loss as 

well as the advantages of phased array technology on both logistical elements and experimental 

results.  The data shows excellent correlation on both relatively thin and thick material. 

Although the current data and approach show promise, research and development on the phased 

array composite angle technique (PA-CAT) is ongoing.  The authors will continue to evaluate 

the technique, incorporating variables such as corrosion profile effects, coatings, pitting, 

curvature, axial outside diameter (AOD) vs. circumferential outside diameter (COD) inspections, 

temperature, and beam aperture.  Tool design will be a fundamental component of upcoming 

research. 

As phased array instruments offer the ability to establish multiple focal law groups, additional 

data analysis will be performed to study back-scatter and time-of-flight effects using “smart” 

software extraction of optimal angles.   
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