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1.  Introduction 
 

This technical note is Part 23 of a series in NDT.net.   

 

For some years now, the NDT industry has been identifying a simple ultrasonic phenomenon 

by the special term “Creeping Wave”.  Perhaps a similar mis-representation has been 

associated with the term “Lateral Wave” in connection with TOFD; however, the NDT 

industry does not market “Lateral Wave” probes, yet many are happy to market “Creeping 

Wave” probes.  

 

This has left many NDT technicians with the false impression that a new wave mode is being 

generated by the Creeping Wave probe and they require a special probe to generate it.  

Langenburg et al [1] provided the mathematical proof of the non-existence of a special wave 

called the Creeping wave.  Charlesworth [2] provides a good explanation of the terminology.  

They reserve the term creeping wave for those waves which follow curved surfaces by 

continually interacting with the surface curvature.  However, this definition is not limited to 

just the bulk compression mode but they also indicate that the process applies to the shear 

mode bulk wave as well.   

 

Davis [3] attempted to re-name the wave modes and decided that the shear bulk wave was to 

be called the direct shear wave or Collateral Echo 1 (CE1), the grazing incident portion of the 

compression mode on the near surface he called the OD Creeping Wave (although it is not 

explained why it must be associated with a pipe outside diameter), and the shear head wave 

that forms by the interaction of the grazing incidence of the compression mode along the near 

surface he assigned the new name the Indirect Shear Wave or Collateral Echo (CE2). Perhaps 

these inaccuracies and the need to use a multitude of acronyms is the result of attempting to 

explain wave mechanics by simple arrows.  

 

This technical note, along with the associated video presented on NDT.net, provides an 

illustrated explanation of the formation of the wavefronts formed by the refracted high angle 

compression mode (L-mode) pulses commonly used in ultrasonic testing to detect flaws at or 

near the test surface.  
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2.  Photoelastic Setup 
 

The photoelastic configuration used soda-lime float glass 20mm thick, with a narrow vertical 

slot 1x10mm.  A variety of commercially available high-angle compression mode probes, 

marketed as “creeping wave probes” were assessed for the best signal to noise ratio.  The 

probe selected for the demonstration was manufactured by Sigma Transducers [4].  The 

Sigma part number descriptor is SDC5 2(1x,44) 74L F4.  This denotes a Sigma Dual element 

probe for Carbon steel with a centre frequency of 5MHz.  It is composed of 2 elements with 

dimensions 1 inch by 0.44 inch and they are mounted in the housing to produce a nominal 

refracted angle of 74° in the Longitudinal mode and the roof angle is designed for a pseudo 

focus of 4 inches from the exit point.  

 

Figure 1 indicates the probe mounted on the glass sample. 

 

 
 

Figure 1 Probe placement on glass specimen 

 

The probe was driven by a PCPR100 pulser-receiver unit by Sonix and signals digitised using 

an Adaptronics STR8100 board.  

 

Best results were achieved using a 175 volt negative bipolar excitation with 2 cycles and the 

band pass filters were set for 0.1MHz High Pass and 9MHz Low Pass. In spite of the stated 

nominal 5MHz frequency, maximum amplitude results were had using a driving frequency of 

2.5MHz. 

 

With these settings the notch could be detected with good signal to noise at a 25mm 

soundpath from the exit point.  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. The negative time in the A-scan display is the time in the refracting wedge and 0mm 

distance indicates the point of entry into the glass.  
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Figure 2 A-scan with probe 25mm from 1x10mm slot 

 

3.  Grazing Incidence Effects and the Diffraction from Element Tip 
 

Since the fastest travelling mode is the longitudinal wave, it is obvious that the indication at 

the 25mm mark on the A-scan in Figure 2 is the direct path to and from the slot. In the video 

it will be seen that the L-mode is formed starting with a significant arc from the lower tip of 

the element which results in its leading edge making grazing incidence along the test surface. 

 

The shape of the L-mode wavefront is highly dependent on the element size.  But in all cases, 

the fact that the element is inclined to the test surface means that the lower tip of the element 

will be the source of the leading edge of the compression wave.  Previous photoelastic videos 

in this series have illustrated how, at the edge of the piezoelement, the wave moves out as an 

arc (due to the diffraction effect).  

 

Civa modelling in Figure 3 shows how the shape of the longitudinal wavefront is introduced 

into the part as a spherical shape and progresses to only a slightly plane wavefront by the time 

the L-mode first approaches the slot.    

  
 

 

Figure 3 Civa model of high angle L-mode from Sigma SDC5 probe 

  

Arc of L-mode as 

pulse enters from 

lower tip of element 

Start of headwave 

Well formed headwave 

So-called creeping wave is merely 

the upper edge of the L-mode 
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The Civa modelling is confirmed Figure 4.  The “emboss” feature in Photoshop has been used 

to better highlight the features.  Figure 4 is a frame extracted from the photoelastic video as 

the L-mode reaches the nose of the probe.  Arrows point to the curve shaped L-mode 

wavefront.  As the wavefront extends to the test surface it makes grazing incidence along that 

surface which results in the formation of the shear headwave. 

 

 

 
Figure 4 Enhanced photoelastic image of high angle L-mode making grazing incidence 

with the test surface 

 

When the time required to travel inside the wedge is considered (see Figure 5) using the Snell 

raypaths from the upper and lower element tips, it is seen that the plane portion of the 

wavefront is only about 6.7mm.  Therefore, in spite of the relatively large aperture (25mm) 

the L-mode wavefront has only a 6.7mm plane wavefront region and the rest of the wavefront 

is composed of the arc that first entered the glass from the lower tip of the element. The circle 

in Figure 5 is centred on the point that the lower tip ray enters the glass and has a radius of 

25mm. Due to the longer path in the wedge at a slower velocity, the ray from the upper tip 

intersects the circle at the same time as the ray from the lower tip. 

 
Figure 5 Raytracing indicates the small region where the Snell raypaths from the 

element tips form a small plane wavefront at 75° L-mode 
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Signals occurring after the direct reflection of the L-mode from the notch are more difficult to 

understand.  In the A-scan in Figure 2 a second signal occurs at approximately 37mm.   

 

The video has been edited with overlays of a metric scale, a protractor and arrows and notes 

indicating the main features.  The video fades as the initial reflected compression mode moves 

off the screen on the left side.  

 

When the video resumes the glass block surface is moved towards the top of the screen and 

re-starts just as the reflecting L-mode off the slot is starting to approach the exit point.  At this 

point it accounts for the first A-scan signal at 25mm on the timebase.  At that point in the 

video the A-scan is placed below the photoelastic image, the wave motion paused and an 

arrow drawn to the pulse that accounts for the signal.  This is indicated in Figure 6. The short 

black vertical line on the glass under the probe is placed to indicate the exit point and the 

25mm distance to the slot. 

 

 
 

Figure 6 Line indicating the signal arising from the reflected L-mode (the so-called 

Creeping wave signal) 

 

We noted that the ends of the piezo elements account for diffraction arcs in the L-mode.  The 

actual points of emission from the wedge for the upper and lower aperture tips of the element 

are in fact directly below the element tips, not along the incident rays calculated by Snell’s 

Law.  This was described in Part 22 [6] of this series. As these arcs enter a medium that can 

support a shear mode, the fact that the compression mode has an arc-shape means that mode 
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conversions will occur at every point that is not at perpendicular incidence to the interface. 

Therefore the L-mode arc forms another arc in shear mode.  The arc in shear mode from the 

lower element tip can be seen as part of the shear headwave.  The formation of the shear mode 

by the spherical L-mode wavefornt has been seen in several previous descriptions illustrated 

by photoelastic imaging.   This is illustrated in the frame seen in Figure 7. 

 

 

 
 

Figure 7 Shear mode arc mode converted from the L-mode diffraction arc from the 

lower element tip.  

 

In the latter part of the video we see the shear-mode arc reflecting off the slot and in so doing 

it mode converts to L-mode.  It is moving faster than the S-mode that formed when the initial 

L-mode reflected off the slot but at the 25mm spacing from the slot, the S-mode arrives first 

at the probe exit point and accounts for the second signal (at approximately 37mm) in Figure 

2.  

 

Shear mode arc from mode-

conversion of lower tip piezo-

element diffraction  
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Figure 8 S- mode and L-mode accounting for second and third signals on timebase  

 

A weak third signal can be seen in the A-scan in Figure 6 at approximately 41mm on the 

distance scale.  This is the L-mode from mode conversion of S-mode arc that formed off the 

lower tip of the piezo-element diffraction.  If the probe was to be moved slightly farther back 

from the slot the L-mode signal would overtake the S-mode and arrive first. Or, if the probe 

aperture was slightly less the lower arc would have been nearer the nominal exit point and 

would make the distance travelled slightly less, allowing the L-mode from the mode 

conversion of the lower-tip S-mode arc to arrive sooner than the mode-converted S from the 

direct L-mode.  

 

 

4.  Comments 
The photoelastic imaging has confirmed that the so-called creeping wave is merely the 

compression mode travelling at grazing incidence to the test surface.  

 

The fact that the wavefront is generally spherical makes depth estimates impossible.  In fact, 

the wavefront can detect indications from a significant depth and the operator would need to 

use other techniques or angles to accurately gauge the actual depth of an indication.   

 

When using the high angle L-mode probe, 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.   

Mode conversions and tip-diffractions from the element tips can result in later arriving signals 

that may be confused with flaws having greater depth.   

 

When used to detect surface-breaking or very near surface flaws, even the first arriving 

signals should be evaluated with other techniques to eliminate the possibility that the signals 

do not originate from flaws at some depth but having the same travel time as the near surface 

distance indicated on the A-scan.  

  

S-mode from mode 

conversion of L-mode that 

first reflected from slot  

L-mode from mode conversion of 

S-mode arc of the lower tip piezo-

element diffraction 
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The video to this article can be seen here: www.ndt.net/search/docs.php3?id=20383&content=1 

 

For more information about the photoelastic system see 

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

 


