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Abstract 

Phased array defect detection and sizing by amplitude drop or tip diffraction techniques for weld inspection has been used 

for many years. But there are some limitations with these techniques. 

Compared to tip diffraction sizing, amplitude based sizing does not give accurate height sizing results 

Tip diffraction sizing also has limitations. Sometime tip diffracted signals can be confused with small gas pores.  Also, it 

is not always possible to detect both upper and lower diffracted signals. 

Evaluation of diffracted signals from surface scatter gives more accurate result compared to other sizing techniques and 

can help the operator recognize the planar and critical defects from other defects. 

The technique described follows the same rules of ultrasonic normal-beam testing for base metal inspection. When the 

beam hits defects larger than beam width (like lamination) the back wall reflection signal will reduce. Even if the defect is 

not parallel to the back wall and does not produce an echo response, the effect can be or shear wave inspection of welds 

by ultrasonic phased array, instead of back wall reflection, we have small diffraction signals from the material surfaces. 

When the beams hit planar defects, depending on size of defect, the shadow effect of the flaw can be seen as a loss of the 

surface diffraction signals. 
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Principle 

When ultrasonic beams hit the interface of two media, depending on acoustic impedance of the two media, some or all of 

ultrasound energy will transmitted or reflected. A simple application example is thickness measuring by reflected 

ultrasound longitudinal wave from the back wall of a component. If the beam angle is not normal to back wall surface, the 

beam will be reflected to other directions and a small amount of ultrasound energy will diffracted from small surface 

irregularities and received by the probe.  This is the foundation of the back-scatter technique. Backward scattering is not 

limited to only diffracted signals from tips of defects. Diffracted signals also come from surfaces of components and this 

can help to evaluate the inside surface condition such as corrosion or the inside geometry of a component. (Fig 1) 

Diffracted signals from a surface interface are not easy to detect by a conventional ultrasonic A-Scan. But there are many 

options available for phased array ultrasonic inspection such as graphical presentation (S-Scan) and frequency filtering 

and color pallet adjustment   to visualize these indications. Using ultrasonic phased array with S-scans, diffracted signals 

from surfaces can show the geometry of a joint. This can help the operator to analyze the indications compared to 

conventional A-Scans. On figure 1, the color pallet is adjusted to optimize the diffracted signals from far surface 

compared to noise level. Even with a TCG calibration for to set phased array sensitivity and adding 6 dB above the 

reference level, diffracted signals are still not easy to visualize. But with color pallet adjustment without signal saturation, 

this diffracted signal is visible. 
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Fig 1. Diffracted signal from inside surface of 100 mm thick carbon steel presented by both A and S-scan (Probe 5MHz 

pith 0.8mm 16 elements) 

 

Applications of diffracted signal from Surfaces. 

 

1- Visualization of component inside geometry by shear wave sectorial scan 

Figures 2-A and 2-B illustrate diffracted signals from a pipe inside surface that gives information about thickness [1] and 

geometry of a weld configuration such as mismatch (High/low) and inside curvature. 

. 

Figure 2-A 
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Figure 2-B. diffracted signal from inside surface of pipe weld to T connection. Thickness is 41mm carbon steel             

(16 element, pitch 08 mm, 5 MHz Probe) 

 

2-Confirming focal law setting 

Any incorrect focal law settings such as inappropriate material velocity, wedge angle and wedge velocity on flat surfaces 

components will alert the operator to problems when the diffracted signal of the surface does not match with the 

theoretical overlay. The operator must then recheck the focal law settings as mention above. A similar effect can be seen 

on curved surfaces; however, suitable calculations for the curvature need to be made to check that the focal law settings 

are appropriate. 

When the surface diffracted signals do not align with the thickness profile overlay, this provides a clue that one or more 

of the focal law parameters may not be correct. 

 

3-Evalution and comparison of planar and volumetric defect 

Planar defects (like cracks) are not always perpendicular to the beams and sometimes the reflected signal amplitude is 

very low.  When this occurs there is a risk of missing the defect. 

Flaw interpretation using only the A-Scan of each focal law is a limitation. In some cases volumetric defects may produce 

the same signal characteristics as a crack or vice versa.  

When observing diffracted signals from the component surfaces, it is possible that the volumetric indications have no 

effect on diffracted signals from surfaces.  This is illustrated in Figure 3 where the flaw being detected is a large cluster of 

porosity.  
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Figure 3. Cluster porosity produces no reduction of diffracted signal from far surface 

 

However, as a result of a pronounced shadow-effect, planar defects can remove some area of the diffracted signals from 

the surface patterns.  An example of the shadow-effect on the surface-scatter pattern when a planar flaw is present is seen 

in Fig. 4. 

  

Figure 4. Planar defect and effect on surface diffracted signals 
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4-Sizing of planar defect 

As mentioned above, planar defect can remove some area of diffracted signals from surfaces .Using the display cursors 

we. can select each focal law where the diffracted signal is lost and size the planar defect with some accuracy  

 

Figure 5. Illustrates how cursors are positions at the region of the surface backscatter loss and projected back to the 

indication where the horizontal cursors of the display software can be used to estimate the flaw height. 

 

4-1 Demonstration of height measuring by loss of surface diffracted signals 

To demonstrate the sizing accuracy, a 50 mm TCG calibration Block with a 3mm SDH (side drilled hole) at 37.5 mm 

depth is selected. (See Figure 6) 

 

 

 

 

 

 

Figure 6. TCG calibration block for demonstrating sizing technique 

 

The phased-array probe selected is nominally 5 MHz with 0.5mm pitch and 32 elements .A focal law is configured using 

all 32 elements for shear wave S-Scan with 1degree angle resolution and sweep from 38° to 75°. Sensitivity is equalized 

using a TCG calibration. 10 dB is added above the reference gain.  
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Diffracted loss area 

Figure 7 illustrates the setup used to obtain the S-scan on the TCG block. In Figure 7, the S-scan is indicated as the 

shaded region which includes both the direct and skip paths. The divergent shadow area is indicated after the SDH and its 

interaction regions on both the far and near surfaces are predicted.  

 

 

 

 

 

Figure 7. Shadow zones predicted by ray path extrapolation 

 

Figures 8-A and 8-B show that the first diffracted signal line from the 50mm depth (first leg) is faint compared to the 

noise This can be attributed to the very smooth surface of the calibration block. 

However, diffracted signals from 100mm depth (second leg) are much stronger and the diffracted signal loss area is clear. 

By adjusting the angle curser to the top of the SDH response and extrapolating to the end of loss area, the A-scan 

indicates a depth to the top of the SDH as 34.6mm (see Figure 8-A).Same procedure is done for measuring the bottom of 

the SDH, resulting in a depth of 38.2 mm. This provides a height estimate of 3.6mm which is within +0.6 mm of the true 

vertical extent.      
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Inside surface 50mm  

 

Figure 8-A. Angle cursor extended from upper area of SDH response to end of shadow region at full skip surface 

Figure 8-B Angle cursor extended from lower area of SDH response to end of shadow region at full skip surface 
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8- Factors that have effect on level of diffracted signal. 

 

8-1-Surface roughness. 

Generally, the inside surface of in-service components like piping or pressure vessels, that have rough corroded surfaces, 

will have more noticeable diffracted signals from the inside surface. Surfaces that have been clad using welding 

processes, compared to explosive cladding or hot rolling cladding, produce irregular surfaces and increase the back 

scattered signals from the surface.  But cladding generally limits the inspection to the first half skip.  Although some 

surface roughness aids in identifying the interface, the scanning surface must be smooth enough to permit effective 

transfer of the ultrasound into part.  Figure 9 illustrates the relatively large back scatter signals associated with a clad 

surface made using a submerged arc welding process.  The image in Figure 9 shows the interface clearly without any 

need to adjust the color palette. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Diffracted signal from inside surface cladded surface by SAW without color pallet adjustment               

(thickness 100mm, carbon steel) 

 

8-2- Signal to noise ratio  

Signal to noise ratio is a significant factor in flaw detection using ultrasonic testing.  In some inspections the geometry 

back scatter may be considered noise; however, when the geometry back scatter is the item being used as part of the 

detection and sizing process then a well-defined signal is desired.  Higher signal to noise ratio of the geometry back 

scatter gives better results. Averaging and narrow band frequency filtering can help to reduce the noise level. 

 

8-3-Microstructure grain size of materials 

Microstructure grain size of base metal or weld  larger than ½ wave length will increase noise level and reduce signal to 

noise ratio. Fine grain material is better suited to ultrasonic testing in general and the back scatter sizing technique is also 

more effective when used on fine grained materials.   

 

8-4-Probe Frequency and aperture size. 

Best results will be achieved when we increase both frequency (if not reduce the signal to noise ratio) and size of 

aperture. 
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Since scatter is inversely proportional to wavelength, higher frequency pulses tend to produce more scatter and larger 

apertures have lower beam spread and concentrate the energy of ultrasonic pulse to the center of beam.  This will have the 

effect of increasing the signal ratio and improve the height measuring ability. [2] 

 

9-Conclusions: 

Sizing of planar flaws by loss of surface scattered diffracted signals can provide an effective alternative to amplitude-

based sizing techniques.  However, due to variability in the surface scatter conditions, it is recommended that the 

technique be demonstrated before applying it to a specific project 
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