
Photoelastic Visualisation of Ultrasonic Pulse Interactions 
Part 11: Immersion Testing –  Acoustic Field in a Rod 

 

Ed GINZEL 
1 

 
1
 Materials Research Institute, Waterloo, Ontario, Canada 

e-mail:  eginzel@mri.on.ca 

 

The video to this article can be seen here www.ndt.net/search/docs.php3?id=14585&content=1 

Keywords: Photoelastic visualisation, ultrasonic 

 

 

 

1.  Introduction 
 

This technical note is Part 11 of a series in NDT.net.  Description of the associated video is 

provided in this technical note and remarks are made on some of the features seen.  In Part 11 

we examine the effects of a compression pulse from an immersion probe as it enters a solid 

rod.  

 

This demonstration was made an immersion-style probe 19mm (3/4 inch) diameter 2.25MHz 

and equipped with a waterproof UHF connector.  The probe was mounted in a manipulator 

that allowed angulation of the beam in the X and Y planes.   

 

Pulsing of the probe was provided using the USBox (by Lecoeur) with the pulser tuned to 

provide the optimum output at 2 cycles 300 V and pulse-duration tuned to 2.25MHz.  

 

The glass model is made of fused silica (compression mode velocity 5970m/s transverse 

velocity 3750m/s density 2.2g/cm
3
).  The rod model was 48mm diameter and 25mm thick.  

 

A machinist’s-style V-block was used to support the rod and a waterpath of approximately 

40mm was used so as to avoid a second entry of the pulse from the waterpath multiple.  

Figure 1 illustrates the test setup.  

 

 
Figure 1 Fused silica rod supported in V-block with 19mm diameter immersion probe   
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2.  Comments on the Video 
 

The video begins with a pulse formed in the water just prior to the entry into the rod.  

 

Upon entry into the rod the compression mode that had existed in water with a wavelength of 

approximately 0.7mm at 1500m/s, quickly changes wavelength to 2.7mm due to the increase 

in acoustic velocity.  Almost immediately we can also see the strong transverse mode forming 

either side of the entry point.  This is due to the curvature allowing for non-perpendicular 

incidence at the entry surface.  The transverse mode wavelength is 1.7mm.  

 

 
 

Figure 2 Formation of compression and transverse modes upon entering rod 

 

As the compression wave advances and spreads so that the edges glance on the sides of the 

rod, the mode conversion to transverse occurs again.  This is effectively a shear headwave and 

has a curved shape due to the curved geometry being followed by the compression wave.  

Compression mode  

λ=2.7mm 

Transverse mode  

λ=1.7mm 



 
Figure 3 Compression pulse mode converting to transverse on sides of rod 

 

As the leading compression wave pulse reaches the opposite side of the rod and begins to 

reflect, several features can be seen.  

 

 
Figure 4 Reflections from opposite surface of rod 

 

Figure 4 illustrates the reflected compression mode just starting to separate from the reflecting 

shear headwaves.  A transverse wave is formed by the incident compression mode and reflects 

the transverse mode on either side of the rod.  
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In Figure 5 we see geometric focusing of the compression mode and shear headwaves can be 

seen as the curved surface redirects the pulses back towards the central region of the rod.  

 

 
Figure 5 Geometric focusing (compression left, transverse right) 

 

As the process continues we can see the sequence repeat off the top of the rod with the 

reflection of the compression mode, reflection of the transverse mode, mode conversions off 

the sides of the rod and geometric focusing.   

 

Yuan et al (1) described this process for a study in which they identified signals predicted by 

numerical simulations and confirmed them with photoelastic visualisations.  Their report 

contains many excellent comparisons between the numerical simulations and the photoelastic 

results.  In 2009, in a paper by Ikagami et al (2), a small portion of their report is devoted to 

the success of simulating the FEM model they used by comparison of the pulses predicted in a 

rod to the results had from a photoelastic setup.  

 

I would like to thank Dr. T. Schmitte at Salzgitter-Mannesmann Forschung, Duisburg, 

Germany, for his paper (3) and discussions concerning the use of a reference image to 

improve the clarity of the photoelastic images.   

 

 

The video to this article can be seen here  

www.ndt.net/search/docs.php3?id=14585&content=1 

 

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