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ABSTRACT 

The paper presents specific examples of PAUT errors for location and crack sizing. The errors are grouped 

based on equipment capabilities/limitations and test piece / flaw characteristics / inspection conditions. 

The following parameters were taken into consideration: wedge velocity, wedge angle, element pitch, the 

number of points quantity / A-scan, angular resolution and element resolution for a VPA. Examples of 

error location are given for different weld inspections scenarios. Recommendations are made for field 

application to reduce the error value in flaw location and sizing. The paper results concluded: the 

tolerances on above mentioned variables are very tight ( at the limit of PAUT lab conditions) for a crack 

height and location (index) error of ± 0.5 mm.  

 

 

INTRODUCTION 

PAUT basic principles and performance assessment fulfill the laws of ultrasounds. The detection and 

sizing capabilities depend on specific parameters, similar to conventional UT (ref.1-2). The S-scan display 

myth led to the idea the PAUT is an ideal NDT tool: what you see is what the flaw is looking like in the 

test piece (see Figure 1 as an example). 

 

 
(Courtesy: OlympusNDT, USA) 

Figure 1: Examples of PAUT S-scan displays and defect confirmation by MP and optical methods. 

 

The PAUT results from Figure 1 are due to a high-reliability process (redundancy, diversity and 

validation), in combination with very tight tolerances on probe parameters, set-ups and data analysis 

(ref.3). 

PAUT is a computer-driven technology and the possibility to make a mistake in the set-up or to 

scan with a worn wedge may lead to errors in detection, location and sizing. During the last decade 

specific literature and standards were published dealing with different PAUT aspects of essential variables 

(probe, wedge, machine, set-up, scanner characteristics, data acquisition) (ref.4-19).  The main 

conclusions from these papers are: PAUT method is subject to systematic and random errors; tolerances 

shall be set based on application requirements regarding the flaw characteristics; there is no published data 

about tolerances on essential variables and different levels of errors for crack height measurement. The 

present paper is dealing with specific aspects of quantitative errors in location and sizing of fatigue cracks 

and systematic errors due to number of sampling points / A-scan. The paper will detail the following 

topics related to tolerances assessment for a specific error value (0.5 mm and 1.0 mm) in sizing (height) 

and positioning (index): 
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- the sweep resolution 

- the VPA resolution 

- the number of sampling points 

- the wedge velocity 

- the wedge angle 

- the probe pitch 

 

 

ERRORS DUE TO ANGULAR RESOLUTION, NUMBER OF SAMPLING POINTS AND VPA 

RESOLUTION 

The S-scan displays PAUT data on the following axis: horizontal-index, vertical-depth. The errors in 

location and height are based on small angular increments and the number of effective sampling points on 

A-scan (see Figure 2 to Figure 4). 
 

 
 

Figure 2: Precision in location dependence on UT path, refracted angle and angular resolution. 
 

 
Figure 3: Principle of over-all precision location based on interpolation of data between two storage points 

on each A-scan. 
 

 
Figure 4: Example of distance between two storage points for three inspection scenarios and points 

quantity. 
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An example of error assessment for index and height is presented in Figure 5. The error could be 

reduced by a factor of 4 if the number of stored points is increasing from 160 to 640. Using the scale 

factor or compression rate, may speed-up the acquisition of a smaller file size, but has a negative effect on 

location and sizing.   

 

 
 

Figure 5: Example of error assessment for PAUT inspection scenarios of a 100-mm thick weld for 

an UT path of 292 mm at 60° for a PAUT probe of 4 MHz, 1-mm pitch. 

 

Angular resolution has effect on pixel size, image quality and crack height measurement. Figure 6 

presents an example from ref.7. The crack pattern for angular resolution of 4° is no longer correctly 

displayed. Angular resolution shall be ≤ 1° for a proper display and height sizing.  

 
Figure 6: Example of crack height measurement at different angular resolution. 

 

Electronic scanning at fixed refracted angle is performed by grouping a number of elements and 

moving the VPA along the active aperture with a specific resolution. Figure 7 to Figure 9 illustrate the 

errors associated with effective VPA and number of sampling points/A-scan. It is obvious the errors are 

reduced for larger number of points (640) and for a 1-element movement of VPA over the selective active 

area. 
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Figure 7: Variation of index and height due to sweeping step across the active aperture. 

 

 
 

Figure 8: Example of index and height variation errors dependence on element step for a 5-MHz 16-

element, pitch 0.6 mm; probe angle of incidence = 39°. 
 

 
Figure 9: Dependence of index and height errors on points quantity / A-scan. 
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Errors of 0.5 mm for height and 1 mm for index are achievable for point quantity of 320 and higher. 

 

 

ERRORS DUE TO PROBE AND WEDGE FEATURES  

Extensive studies were performed by OPG during 2004-2011 intervals. Software simulation and actual 

probe interchange were used to set tolerances on specific variables. Some of the results were published in 

ref. 6-7. A new evaluation of some of the published data related to crack location and height accuracy 

measurement is presented in Figure 10 to Figure 14. 

 

 
 

Figure 10: Example of crack height accuracy dependence on wedge velocity. Probe of 6 MHz-16 

elements on 47° Plexiglas wedge. Software simulation using the focal law set-up. 

 

 
 

Figure 11: Example of crack height accuracy dependence on wedge angle. Probe of 6 MHz-16 

elements on 47° Plexiglas wedge. Software simulation using the focal law set-up. 
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Figure 12: Example of crack height accuracy dependence on probe pitch size; probe of 6 MHz-25 

elements-0.4 mm pitch on Plexiglas wedge of 37°. Software simulation using the focal law set-up. 

 

 
 

Figure 13: Example of crack location accuracy dependence on probe pitch size; probe of 6 MHz-25 

elements-0.4 mm pitch on Plexiglas wedge of 37°. Software simulation using the focal law set-up. 

 

Testing and checking the probe/system performances (ref.14, 20-21) may detect non-conformities 

and eliminate possible errors. Figure 14 is presented a case-study for wedge angle variable on SDH and 

for crack pattern and location. 
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Figure 14: Examples of wedge angle checking for SDH (top) and a fatigue crack pattern display / 

location (bottom). 

 

 

CONCLUSIONS  

The data presented in this paper conclude: 

- Smaller value for angular resolution (∆θ=0.5°) and for ∆ VPA (0.5 or 1 element) will lead to 

errors = 0.5 mm; 

- 0.5 mm error on both axis (index and depth) is the best of PAUT and very tight to keep 

- Quantity points along an A-scan stored and analyzed is an essential variable for error 

assessment. An error of 0.5 mm for height and 1 mm for index is achievable for n > 320 points / A-scan. 

- Pitch tolerance of 25 µm for a 0.5-mm error in location and sizing is a challenge value for 

probe manufacturer 

- Height and index errors depend on refracted angle.  

If the independent events are combined in different scenarios, the over-all error is increasing from 

an ideal ± 0.5 mm to ± 1.1 mm (see Figure 15).  

 
 

Figure 15: Example of error trend due to independent events, such as point quantity, angular 

resolution, wedge angle, wedge velocity, and probe pitch tolerances. 

 



166 

The most realistic tolerances for a large population of probes, wedges and PAUT machines (ref.20-

21) are: 

- Minimum angle in S-scan: ± 2°  

- Maximum angle in S-scan: ± 2°  

- Horizontal distance (index): ± 2 mm  

- Vertical distance (depth): ± 2 mm  
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