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1.  Introduction 
 
This technical note is Part 24 of a series in NDT.net.   
 
This technical note connects with the previous in Part 23 in that it illustrates the same effects 
and similar signals being made possible using a linear phased-array probe instead of the 
mono-element probe construction.  
 
In Part 23 it was noted that the NDT industry has been identifying a simple ultrasonic 
phenomenon by the special term “Creeping Wave” and that many are marketing special 
“Creeping Wave” probes.  
 
This technical note, along with the associated video presented on NDT.net, indicates that the 
same phenomenon can be generated using a standard linear-array phased-array probe; i.e. a 
“special” so-called creeping wave probe need not be the only form of probe to achieve the 
desired effects for near-surface flaw detection.   
 
2.  Photoelastic Setup 
 
The photoelastic setup is used to illustrate that it is simply the high angle compression mode 
that is responsible for the so-called creeping wave.  In order to indicate how the results can be 
duplicated with a linear array phased-array setup, the photoelastic configuration used the same 
glass sample and replaced the dual element Sigma probe with a linear-array phased-array 
probe mounted on a wedge used for angled compression waves.  
 
The probe used was an ONDT 5L64 A2 linear array mounted on an SA2-N45L refracting 
wedge.  A static delay law was built using 32 elements starting at element 10 and steered at 
74° in compression mode (L-mode).  The instrument used was limited to activating a 
maximum of 32 elements in a delay law.  This meant that with a 0.6mm pitch the active 
aperture could only be 19.1mm.  This is slightly less than the 25.4mm of the Sigma 
monoelemnt probe used in Part 23 of this series.  
 
Figure 1 indicates the Beamtool software model of the probe and wedge mounted on the glass 
sample. 
  

 
The video to this article can be seen here: www.ndt.net/search/docs.php3?id=20449&content=1
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Figure 1 Phased-array probe placement on glass specimen 
 
An RD-Tech Focus unit (32/128) was used to drive the probe at its nominal 5MHz frequency 
and a pulser voltage of 200V was used.  This was somewhat different from the monoelement 
example in Part 23 where best results were achieved using a 175 volt negative bipolar 
excitation with 2 cycles with a driving frequency tuned to 2.5MHz. 
 
Having established the exit point of the beam using the small ISO calibration block #2, the 
slot response at 25mm soundpath from the exit point was captured with the probe exit point 
set at 25mm from the slot.  Figure 2 illustrates the A-scan achieved with the probe placed 
25mm from the slot and the A-scan calibrated in millimetres for the longitudinal mode in 
glass.  
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Figure 2 PAUT A-scan with probe 25mm from 1x10mm slot 
 
Figure 2 indicates the first arrival in pulse-echo at 25mm.  Subsequent signals vary slightly 
from the monoelement conditions.  This is due partially to the slight difference in actual 
aperture size and the fact that the Sigma probe was a dual element with a slight roof angle.  
Most notably different is the mode converted L-mode that was generated by the lower 
aperture tip diffracted component that formed when the compression mode entered the glass 
from the lower tip of the active aperture.  This signal occurred just after the mode converted 
S-mode from the direct L-mode when using the Sigma probe whereas it is seen just prior to 
the shear response in Figure 2 using the linear array. 
 
The video uses a group of arrows to indicate the position of the L-mode arc that has resulted 
from mode conversion of the lower tip shear mode off the lower aperture tip diffracted 
component.  The arc is very weak in the still (seen in Figure 3) but it can be seen as a faint 
movement once the video resumes motion of the pulse.  
 
  

Direct L-mode 
Mode converted S-mode 
from Direct L-mode 

Mode converted L-mode from 
reflection of aperture lower tip 
diffracted S-mode 
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Figure 3 Faint arc of L-mode formed by mode conversion of reflection of aperture 
lower-tip shear mode  
 
 
3. Comparing probes 
 
Photoelastic videos of the so-called creeping wave have indicated that the origin of the 
phenomenon is grazing incidence of the compression wave (L-mode).  A comparison of the 
photoelastic images at the point where the reflected direct L-mode reaches the probe exit 
point indicates that regardless of the probe design (mono-element or phased-array), the main 
features of the signal are the same.  
 
A visual comparison is made in Figure 4.  
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Mono-element(2.5MHz) 
 
 
 
 

Phased-array (5MHz) 
 
Figure 4 Comparing pulses: mono-element above, phased-array below 
 
 
4.  Comments 
The photoelastic imaging indicates that any suitably arranged aperture can provide a high-
angle refracted longitudinal mode that would be called a “creeping-wave” by some.   
Although it may be convenient at times to have a custom-designed monoelement or dual 
element probe as it can be made with a very short distance between the nose of the probe and 
the beam exit point; a phased-array equivalent can be easily configured.  
 
As with the observations made in Part 23 where it was noted that signals occurring after the 
first arrival can be a function of the probe construction or the result of other flaws from deeper 
in the component, a similar precaution must be made when using phased-array probes.   Mode 
conversions and tip-diffractions from the element tips can result in later arriving signals that 
may be confused with flaws having greater depth.   
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For more information about the photoelastic system see 
http://eclipsescientific.com/Products/Training/Photoelastic/index.html  
 

Direct L-mode Shear 
headwave 

Mode converted shear 
from reflection of 
incident L-mode 

The video to this article can be seen here: www.ndt.net/search/docs.php3?id=20449&content=1

http://eclipsescientific.com/Products/Training/Photoelastic/index.html

