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Abstract 

Determining acoustic velocity is a critical aspect for the correct calculation of Snell’s Law to determine refracted 

angle and to position the location of flaws along the soundpath of an ultrasonic beam.  A technique has been 

demonstrated to allow determination of compression mode velocity on samples where the thickness is unknown 

or where nonparallel surfaces do not allow for a simple pulse -echo assessment 
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1.  Introduction 
 

When setting up delay laws for ultrasonic examinations, users of phased array equipment are 

expected to enter a variety of parameters.  Critical in these parameters is the acoustic velocity 

of the material under examination.  Knowing how fast the pulse is moving in the material 

allows the operator to configure the delay laws to produce beams of a particular angle or 

range of angles. As well, the knowledge of the acoustic velocity also permits the software to 

correctly plot the locations of indications relative to some reference such as the weld 

centreline.  

 

When the operator has a sample of the material that has accessible parallel surfaces, a vernier 

calliper can be used to accurately measure the thickness and a pulse-echo signal used to 

compute the compression velocity.  This simply requires that the operator measure the 

backwall response in micro-seconds and divide twice the thickness measured by the travel 

time.  Twice the thickness is used in the pulse-echo technique because the pulse has travelled 

to the backwall and then returned to the contact point of the probe (hence twice the thickness).   

 

An alternative would be to use two probes and place them on opposite surfaces.  Then the 

signal arises at half the time it would take in pulse-echo.   

 

Time of Flight Diffraction (TOFD) can present a similar opportunity.  Its configuration also 

consists of a transmitter and receiver; however, they are on the same side of the test piece.  

TOFD generates a sub-surface compression mode that we call the lateral wave.  In fact, the 

manufacturers of TOFD equipment use the arrival time of the lateral wave and backwall to 

estimate the material velocity and the time that the pulse spends in the refracting wedges.  

When linearising the cursors in the TOFD software, a calculated velocity is provided.  
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However, it may be seen that the assumed velocity is not always a reasonable value.  Using 

the same wedge path and same angle and PCS, the calculated velocity can vary depending on 

the diameter of the probes.  

 

Figure 1 illustrates these 3 simple options to calculate acoustic velocity; 

      
Figure 1 Thickness determinations using pulse-echo, through transmission and 

TOFD  

 

 

Using the TOFD concept of the lateral wave, a linear array phased-array probe can be used to 

determine acoustic velocities as well.  A single small element when fired directly on a flat 

surface will form an arc that radiates outward into the material it is coupled to.  Figure 2 [1] 

illustrates how both the compression mode and transverse modes can form and they both have 

a component that glances along the boundary between the test piece and the probe.  

 

 

 
Figure 2 Single element in a linear array having both compression and transverse 

components with glancing incidence at the boundary  

 

As the compression mode and transverse modes move past the elements along the array, the 

pressure can provide an impulse to the other elements.  By identifying the time of the received 
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impulse at some element remote from the transmitted pulse, the velocity of the impulse can be 

calculated by knowing the distance from the transmitting element to the receiving element.   

 

Knowledge of the pitch of the array provides a convenient estimate of the distance travelled.  

It simply remains to determine the zero-time for the transmitted pulse using the A-scan 

display.  Determining the zero time of a phased-array pulser can present a challenge.  This can 

be overcome by using the time of arrival between two reception points on the array.  Figure 3 

indicates how a single transmitter (Tx) element can be fired and then activating the receivers 

(Rx) at a known separation can produce the required delta time of arrivals that eliminates the 

need for determining the absolute zero time.  

 

In the example used, the linear array has a pitch of 0.6mm and this is used to obtain a 12mm 

spacing between arrival times as illustrated in Figure 3.  This is accomplished by using 20 

elements between the two receiving elements.  Other spacings can be used but in this case the 

pitch provides a convenient round value when multiples of 10 are used.  

 

 
Figure 3 Linear array probe setup for determining acoustic velocities 
 

The process used to demonstrate this technique is described in the next section.  

 

 

2. Timing parameters for velocity estimates 

To demonstrate the technique, a simple linear array was used in conjunction with a reliable 

reference block.  Subsequently, other samples were used where velocities had been determined 

using the traditional pulse-echo technique.  
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Figure 4 illustrates the dual A-scan configuration used to obtain the arrival times from two 

receiving elements spaced 20 elements apart from reach other (e.g. element 64 was the transmitter 

and elements 44 and 24 were used as receivers).  The signals on the A-scans in Figure 4 were 

obtained by placing the probe on a standard IIW block.   

In both A-scans the vertical red cursor in located at the compression mode signal and the vertical 

blue cursors are at the faint transverse mode signals.  The larger signal slightly later than the 

transverse mode is the Rayleigh wave signal.   

 

Figure 4 Dual A-scan presentation to assess acoustic velocities on an IIW block 
 

 

The resulting velocities determined using the time differences obtained from the 12mm 

element spacing are 5940m/s compression mode and 3225m/s transverse mode.  This 

compares well with the velocities determined using the traditional pulse-echo technique where 

velocities of 5920m/s and 3240m/s were obtained.   

 

Using the same configuration of display for the known pitch spacing of the linear array probe, 

other materials were tested.  Results of the velocities determined using the linear array 

technique and the pulse-echo technique are compared in Table 1.  
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Table 1 Comparing Linear array and Pulse-echo velocity determinations 

 

Material Linear array 

velocity (m/s) 

Pulse-echo Velocity 

(m/s) 

Delta velocity 

(m/s) 

Steel (IIW 

compression)  

5940 5920 20 

Steel (IIW transverse)  3225 3240 15 

Aluminium 

(compression) 

6315 6351 36 

Aluminium 

(transverse)  

3125 3157 32 

High density 

polyethylene sample 1 

(25mm thick natural) 

2558 2516 42 

High density 

polyethylene sample 2 

(50mm thick natural) 

2429 2448 19 

Ultrahigh Molecular 

Weight polyethylene 

(25mm) 

2120 2125 5 

6” diameter HDPE 

pipe (D2513 yellow 

stripe)  

2294 2330 36 

 

Figure 5 illustrates the well-defined signals obtained from a section of black polyethylene 

pipe (yellow stripe used for gas service applications).  A strong Rayleigh wave can be 

generated in the polymers, however, the transverse mode is highly attenuated and not 

considered practical for ultrasonic examination applications.  The signals illustrated in Figure 

5 are those from the compression mode only.  

 

 

Figure 5 Compression velocity determination on HDPE pipe (D2513 yellow stripe) 
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3.  Applications and Limitations 
The technique for determining acoustic velocity using the linear array technique is limited to 

materials that are essentially isotropic.  As well, the materials require a reasonably smooth 

surface to provide adequate coupling and support the modes that the user wishes to determine.  

Lossy materials or highly attenuated modes may not provide adequately clear signals.   

 

Samples should be adequately thick to ensure that reflected pulses are not introduced into the 

region of interest.  This problem can be somewhat mitigated by using shorter path lengths 

between the transmitting and receiving element.  

 

Longer distances between the transmitting and receiving elements would tend to provide more 

accuracy; however, the operator is still making an assumption of the actual distance travelled 

by using the pitch value provided by the probe manufacturer.   

 

Using the linear array technique for transverse velocity determination will present difficulties 

due to the interference of the Rayleigh wave signal at short distances and the very weak 

response to the shear mode by the elements which are configured to be sensitive in the 

dilational direction.  

 

Values obtained by the technique are not intended as a replacement for the values that can be 

obtained using a pulse-echo or through-transmission technique with access for accurate 

micrometer measurement of thickness and accurate phase-sensitive timing.  Using the linear 

array thickness assessment technique can provide excellent comparative velocity results.  

Values obtained with a probe with a 0.6mm pitch and a system capable of +/- 10ns timing 

provided estimates within about 30-40m/s of the values obtained by pulse-echo.   

 

For assessment of relatively low velocity polymers, the long travel time between points as 

near as 12mm apart provides good discrimination of even relatively similar materials.   

E.g. a sample similar to that in Figure 5, determined as having a velocity of 2300m/s using the 

12mm sound path will have a an easily recognisable shift when compared to a material only 

50m/s higher acoustic velocity.   A comparative degree of time shift is illustrated in Figure 6 

where the black lines added to the A-scans indicate where the red cursors would be shifted for 

a 50m/s velocity change.  This equates to approximately one half cycle of the waveform for 

the signal with the greater time. 

 

 
Figure 6 Comparison of time shift indicating approximately 50m/s 
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The technique would be suitable for velocity checks to ensure that calibration blocks have 

similar velocities to unknown test samples where access to the test sample does not permit the 

traditional vernier thickness measurement to compare against a pulse-echo arrival time. 

Caution should be used if using a linear array that is not equipped with a hard face meant for 

direct contact. 

 

The same test can be used as an indicator of wedge temperature change.  This would require 

determining a dV/dT curve by monitoring the time changes observed over a range of wedge 

temperatures.  Application for this is where the user is concerned that the effect of 

temperature on the probe wedge could change the refracted angle in the examination part or 

where regulated to do so [2], [3].  
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