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Abstract 

An improved photoelastic visualisation system has been developed.  A brief description of the equipment is 

made and a video is prepared for publication on NDT.net.  Basic principles of a 5MHz compression wave pulse 

are illustrated in the video.  An NDT.net video collection is planned.  
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The video to this article can be seen here www.ndt.net/search/docs.php3?id=13775&content=1 

 

 

1.  Introduction 
 

NDT.net first published a video of photoelastic visualisation of ultrasonic pulses in 2003 (1). 

These were made using a spark-gap light source with a 14kV thyratron as the strobe source.  

The illumination was reasonably bright; however, video quality was limited by a slow (90 Hz) 

strobe rate and an early version of low resolution handycam.  In 2004 the same system was 

used to visualise phased-array pulses for a presentation at the WCNDT in Montréal (2).  

Visualisation of the effects of steering, focusing and the dynamic steering of S-scans were 

first presented then.  By 2006 a commercial version of the photoelastic system was available 

and the light source was converted to a specially designed LED and driver.   

 

Subsequent uses of photoelastic visualisation have been described for beam quantifications 

and modelling validations (3, 4, 5). 

 

2.  Improved Visualisation System 
 

In 2011, the photoelastic system again underwent some modifications and improvements.  

The light source was changed to a more energetic driver to allow greater output.  LED design 

had improved over the intervening five years.  The initial LED design used 16 small emitters 

in about a 2mm square area whereas the newer LEDs provide four times the output from an 

area of about 1mm square. This mounting provides a more point-like light source thereby 

making the illumination more uniform when collimated.  Alignment of a photoelastic system 

is not as complicated nor as demandingly precise as a schlieren system, but adjustments are 

necessary.  To simplify alignment and to provide more flexibility for mounting of the optical 

components, the new design incorporated X-Y-Z sliders on each end.  This allows the camera 

and light source to be quickly positioned for imaging.  Optics changed to incorporate a large 

65mm diameter collimating lens and integral polariser that mounts on the light driver unit.  

The previous system used a 100mm diameter Fresnel lens.  Although the viewing area is 

slightly reduced, the uniformity of illumination from a glass plano-convex lens is significantly 

improved.  

 

Further improvements were made to the specimen mounting platform.  Instead of a fixed 

platform that required the operator to remove and reposition the probe and glass specimen 

every time a new region of interaction was to be imaged, the new platform provides a scissor 

jack for variable height adjustment.   
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During the making of videos the operator would normally hand-turn a 10 turn pot know to 

effect the pulse-image delay.  A new design of delay box is now equipped with a motorised 

delay actuator.   

 

Optical and mechanical components of the assembled new design are seen in Figure 1.  

 

 
Figure 1 Optical portion of photoelastic imaging system (MkII) 

 

 
Figure 2 Photoelastic Imaging system connected to electronic components and 

driving a phased-array instrument 

 

The system complete with the delay-box and computer for image display is illustrated in 

Figure 2.  

 

The new photoelastic visualisation system has been used to produce a short video illustrating 

one of the most basic aspects of ultrasonic testing; the compression wave pulse in a solid.  

The setup used a section of float glass 20mm thick with a square notch starts 15mm down 

from the entry surface.  The notch, seen in Figure 3, is 5mm high and the beam was arranged 

to produce both a direct and glancing interaction.   

 

 



 
Figure 3 Float glass specimen with targets 

 

Ultrasonic equipment used for the video included a 5MHz 6mm diameter Krautkramer 

Benchmark probe.  A PCPR100 pulser (by Adaptronics) was used to provide a tone burst 

excitation.  By configuring the synchronisation through the STR8100 ADC unit, it was 

possible to monitor the received signals as well.  Part of the photoelastic system is a delay 

circuit that controls the illumination time after the ultrasonic pulse.  The delay box TTL 

output was set to 5kHz.  This is the PRF for both the ultrasonic pulses and the light pulses.  

Images were capture to file via the camera, a Lumenera LU175 progressive CMOS unit with 

1280x1024 resolution and on-board processing.  By adjusting the aperture and exposure time, 

adequate illumination was achieved to allow motion without blurring.   

 

 
Figure 4 Camera image of captured pulse interaction 

 

Figure 4 illustrates the field of view obtained with the plano-convex lens.  Only brightness 

and contrast were adjusted to highlight the features in the video that was produced for this 

article.  

 

 

3.  Comments on the Video 
The video starts with the pulse approximately 12mm from the probe.  A ruled scale has been 

overlaid in the video to assess dimensions.  In spite of having a flat unfocused element 6mm 

diameter, the pulse is seen to have an arced shape (i.e. no evidence of a flat plane wave).  At a 

5mm notch 



velocity of about 5800m/s in float glass, the 5MHz pulse can be seen to have a wavelength of 

approximately 1.2mm.  

At the point of interaction with the notch, part of the pulse makes a direct hit (to the right) and 

part glances along the vertical portion of the notch (to the left). Because of the arc shape of 

the incident pulse the reflected pulse will be expected to also be arc shaped.  Two cycles can 

be seen in the pulse (i.e. a dark band, then a bright red, then a dark band and bright red band). 

Upon reflection, the band colours reverse.  The glancing portion of the compression pulse 

maintains the initial phase.  As the compression pulse moves along the vertical leg of the 

notch we see the shear headwave form at an angle that can be calculated from Snell’s Law 

based on 90° incidence at compression mode velocity and using the transverse mode velocity 

to determine the headwave angle (about 36°).  The phase of the headwave is the same as the 

compression mode forming it.  We can be certain that this is a transverse mode because the 

wavelength is clearly much smaller (about half) as compared to the compression mode.  

 

At the same time that the headwave is forming, we see that a spherical arc has formed at the 

upper left corner of the notch. The corner provides a diffraction tip and mode conversion 

occurs at angles off perpendicular incidence.  A similar effect is occurring all along the notch 

to the right where the arc of compression wave incidence occurs at small angles.  A line of a 

mode converted shear pulse forms at each point on the notch surface where the compression 

mode is incident at an angle other than perpendicular. The shear mode that forms from the 

upper tip and the direct incidence of the compression wave on the upper surface of the notch 

are not termed headwaves because they do not form by glancing incidence and the reflected 

mode-converted shear is phase changed in the same way that the reflected compression mode 

was.  

 

As the straight headwave passes the lower corner tip, it is seen to form another spherical 

wavefront. The shear headwave and the tip diffracted shearwave remain linked as the pulse 

moves away.   

Just as the initial pulse moves off the bottom of the display the reflected compression pulse 

has reached the top surface at the probe.  

 

4. Future Activities 
NDT.net has been providing the NDT community with a wide variety of NDT related features 

for nearly 2 decades.  It is our intention to make this video Part 1 of several instructional 

videos that will help ultrasonic users understand some of the interactions that occur during 

testing.  For more information about the photoelastic system see www.eclipsescientific.com.  

 
The video to this article can be seen here www.ndt.net/search/docs.php3?id=13775&content=1 
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