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Abstract 
Time of Flight Diffraction (TOFD) relies on a beam with relatively high divergence to provide suitable volume 
coverage.  Refracting wedges provide a means of directing the beam towards the inspected volume.  Most 
wedges are made of common polymers with acoustic velocities between about 2400m/s and 2800m/s which are 
40-47% the average compression velocity in steel.  This provides useful positive refraction in steels with 
relatively small probe centre spacing (PCS).  However, when testing lower velocity materials and where access 
from the weld centreline is limited, it can be useful to have wedges that have lower velocities.  Some 
applications can use water encased in a reservoir, but preventing the water from leaking and avoiding air bubbles 
can be problematic.  A viable alternative is to fabricate the wedge from a low attenuation low velocity polymer.  
Examples of the quality of signals obtained using low velocity polymer are given in this paper.  
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1.  Introduction 
 
TOFD has been used since the 1970s.  Its principles are well known.  It is generally consider a 
forward scatter technique whereby the transmitter and receiver probes are positioned on either 
side of the weld or region of interest and the receiver detects low amplitude diffracted pulses 
from inclusions that might be present in the volume between the probes.  
 
Most TOFD techniques rely on the first arriving signals so the beam is refracted at some angle 
less than the first critical angle.  In steel the recommended refracted angle ranges between 40° 
and 70° with lower angles used for thicker sections and higher angles used for thinner 
sections.   
 
Although TOFD can be performed as an immersion technique, it is more often applied as a 
contact test method using refracting wedges made of common low attenuation polymers.  
Although not new, recently, some manufactures have made wedges that house water in either 
a continuously fed water gap or in a reservoir maintained by a thin membrane. [1,2,3].  Table 
1 indicates some of the plastic materials used for refracting wedges.  
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Table 1 Common Refracting Wedge Materials 
 

Material Velocity (m/s) 
Polymethyl methacrylate (PMMA, 

Acrylic, Perspex, Lucite ®) 
2680 to 2730 

Polystyrene 2340 
Polyetheretherketone (PEEK) 2590 

 
Polytetrafluorethylene (PTFE or Teflon) has been used as a refracting wedge material [4] 
where its low velocity (1390m/s) has been considered advantageous for positive refraction.  
However, its attenuation (3.9dB.cm) has been considered high.  
 
Water gap wedges can be used in lieu of plastics and are effective as long as the reservoir can 
be maintained full.  House [5] was one of the first to use a water reservoir system in the 
inspection of polyethylene butt joints because it provided low attenuation and positive 
refraction.  However, a small bump, or working on a vertical or overhead surface may make 
maintaining the reservoir problematic.  When the reservoir is lost the signal is lost and the 
area must be rescanned after the water has been restored.  Thin membranes have been 
incorporated on some water-reservoir designs but these too suffer from the entrapment of air 
bubbles introduced during the filling process or bubbles can form as air comes out of solution 
or when during operation the membrane eventually tears.   
 
An alternative to the standard wedge materials and water wedges is provided by the low 
velocity elastomers, Aqualene and ACE [6,7].  These have nominal velocities of 1570m/s and 
1540m/s respectively.   
 
2.  Comparing parameters of standard and low velocity wedges 
 
In most TOFD applications the PCS is arranged to provide the beam axes to cross at about 
two thirds the component thickness.  For a given refracted angle this establishes the PCS.  
When the refracted angle and PCS are fixed there is no difference in the geometry of the 
setups based on the wedge materials.  Figure 1 illustrates how the same positioning of exit 
points is obtained for a standard polystyrene wedge and an ACE elastomeric wedge 
configured to provide a nominal 60° refracted beam in steel.  
 

 
 
Figure 1 Comparing setup geometries for wedge materials 
 
In Figure 1 the probe modelled is 3mm diameter 10MHz and the refracted angle of the wedge 
is selected to be 60° for the polystyrene and the ACE materials.  The only difference then seen 
is the incident angle and total path length in the wedges.  
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But rarely does a manufacturer custom make a wedge for a specific velocity of material for 
TOFD.  This means that the incident angle is fixed and the refracted angle stated is simply a 
nominal value for a given material. Usually the assumed material is steel with compression 
mode velocity at 5900m/s and shear velocity of 3200m/s.  
 
Typically fixed incident angles are provided for either compression mode or shear mode in 
steel at 45°, 60° and 70°.  For polystyrene wedges these require incident angles identified in 
Table 2.  
 
Table 2 Refracted Angles from Fixed Incidence from Polystyrene 

Incident Angle for Steel 16.3° 20.1° 21.9° 31.2° 39.3° 43.5° 

Refracted Angle Steel 
(5900m/s 3200m/s) 

45°L 60°L 70°L 45°S 60°S 70°S 

Refracted Aluminium 
(6320m/s 3130m/s) 

49°L 68°L 

Total 

Internal 

reflection 

44°S 57°S 67°S 

Refracted Brass (4280m/s 
2020m/s) 

31°L 39°L 43°L 27°S 33°S 36°S 

Refracted Cast Iron 
(4800m/s 2400m/s) 

35°L 45°L 50°L 32°S 40°S 45°S 

Refracted 302 Stainless 

(5660m/s 3120m/s) 
42°L 56°L 64°L 44°S 57°S 67°S 

Refracted
 (a)

 HDPE 
(2460m/s)  17°L 21°L 23°L 33°L 42°L 46°L 

Refracted
 (a) 

LDPE  
(2080m/s)  14°L 18°L 19°L 27°L 34°L 38°L 

Refracted
 (a)

 UHMWPE 
(2120m/s)  15°L 15°L 20°L 28°L 35°L 39°L 

(a) Note that polymer velocities for even the same material may have very large variations 
 
For ultrasonic testing on relatively slow velocity materials, Table 2 indicates that the standard 
wedge angles supplied for mono-element probes may limit the range of useful refraction.   
 
When attempting to carry out a TOFD inspection on the low velocity materials, almost no 
refraction or a negative refraction occurs when using the standard polystyrene wedge material.  
 
An alternative for TOFD inspection of slow velocity materials is to use a low velocity 
refracting insert at the same incident angle as the polystyrene.  This allows the same wedge 
holder to be used with the fixed incident angles normally supplied (although custom angles 
could also be made by modifying the insert holders).   
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Figure 2 illustrates the effect of placing a 6mm diameter 2.25MHz probe on polymer plate 
with velocity 2470m/s with a standard polystyrene wedge having a velocity of 2340m/s and 
the standard incident angle of 43.5° intended for nominal 70° refraction in steel.  When the 
same probe is used on a refracting material (Aqualene) with velocity 1570m/s and at 33° 
incident angle as would be used for a 60° refraction using polystyrene in steel, we see a 
marked improvement in volume coverage.   

 
Figure 2 Comparing volume coverage for 2 different wedge materials 
 
The relative beamspreads were further modelled using Civa to indicate the beam profiles.  As 
in Figure 2, the polystyrene wedge was modelled with a 43.5° incident angle and the 
Aqualene wedge with a 33° angle and both were positioned on 25mm polymer material with 
velocity 2460m/s.  The 33° incident angle was selected for the Aqualene because it would be 
a typical angle used by the polystyrene wedges for a 60° shear mode in steel.  Figure 3 
indicates the beam profile differences.  
 

 
Figure 3 Civa modelled beams on polymer with velocity 2460m/s. Aqualene wedge 
on left with 33° incident angle and polystyrene wedge on right with 43.5° incident angle 
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3 Example scans comparing polystyrene, water and elastomer wedges 
 
To illustrate the improved performance on low velocity materials, scans were made of typical 
TOFD calibration notches using polystyrene, water-gap and Aqualene wedges on the 
polyethylene 25mm thick block with the parameters used for the Civa modelling.  Notches 
were V-shaped and milled on one side to depths of 2.5mm, 5mm, 7.5mm, 10mm and 12.5mm.  
The plate was scanned from both sides to indicate resolution.  
 
Figures 4, 5 and 6 illustrate the responses to the notches (labelled in Figure 4) for the 3 
varieties of wedge material. In all cases, the 2.5mm notch is lost in the lateral wave dead zone. 
A diffraction arc is seen at the left edge of each scan.  This is due to the edge effect where the 
beam detects the side of the block. 
 
Polystyrene wedge 43mm PCS 
 

 
 

 
 
Figure 4 Notch responses using cross-linked polystyrene wedge  
 
  

2.5mm 5mm 7.5mm 10mm 12.5mm 
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Water wedge 56mm PCS 
 

 
 

 
 
Figure 5 Notch responses using water wedge  
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Aqualene wedge 56mm PCS 
 

 
 

 
 
Figure 6 Notch responses using Aqualene wedge  
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4 Conclusions 
Low velocity elastomeric materials provide an effective alternative to water jacketed 
refracting wedges.  They are not impeded by the potential loss of water-column when working 
on inclined, rough or overhead surfaces.  Unlike water column options, the low velocity solid 
does not suffer from accumulating air bubbles and it does not risk loss of couplant due to the 
normal wear that occurs when using a retaining membrane.  
 
Compared to the low attenuation polystyrene refracting wedges used for TOFD, the low 
velocity elastomeric wedges provide positive refraction on low velocity polymer materials 
and improved beam divergence.   
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