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Abstract 
In July 2016, the authors posted an Excel utility on the NDT.net forum. The utility is used to analyse waveforms 
for the purpose of calculating acoustic properties of materials. This paper illustrates the results of using the 
utility on a variety of materials using the through-transmission technique. Results obtained are compared with 
values published by others.  Sources of variation are discussed.  
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1.  Introduction 
 
The basic parameters obtained in ultrasonic test techniques include time, amplitude and 
frequency content (in the case of waveform analysis).  These have long been used in the 
analysis of materials properties [1, 2, 3, 4].  
 
With knowledge of the density of the material under test, mechanical properties can also be 
estimated [4, 5, 6, 7] with the acoustic velocities.  
 
In his paper, Approximate Materials Properties in Isotropic Materials [8], Alan Selfridge 
described a relatively simple approach using a pulse-echo technique and appropriate 
calculations to estimate the acoustic velocity and attenuation of isotropic solids.  In his 1985 
paper, Selfridge also provided an extensive list of materials and their approximate properties 
as determined using the techniques he described.  These have subsequently been incorporated 
on the Onda website (http://www.ondacorp.com/tecref_acoustictable.shtml).  The original 
paper by Selfridge also included the code for a short computer programme called PROPRT 
which could be used to enter measured values and then provide a printout that was intended to 
be kept with the sample tested.  
 
In July 2016, the authors provided a similar software feature in the form of an Excel template 
which was uploaded to the forum of NDT.net 
(http://www.ndt.net/forum/thread.php?admin=&forenID=0&msgID=64178&rootID=64178#64178).  
The template is intended to generate plots and calculate properties of materials using captured 
waveforms from either through-transmission or pulse-echo techniques.   
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This paper illustrates the results of using the template on a variety of materials using the 
through-transmission technique. Results obtained are compared with values published by 
others and sources of variation are discussed 
 
 
2. Through-Transmission Technique 

Using the through transmission technique has several advantages over immersion pulse-echo 
and contact pulse-echo for the estimation of material properties.  For lossy materials such as 
polymers and coarse-grained materials, the one-way path from transmitter (Tx) to receiver 
(Rx) element reduces the attenuation and scatter losses so the received signal can be slightly 
greater than would be if the two-way pulse-echo path was used.  When testing relatively soft 
polymers (e.g. elastomeric materials and plastics with Shore A hardness less than about 70) 
the use of immersion through-transmission allows the test to be carried out without the 
potential for dimensional distortion that can occur when the probe is pressed against the 
surface of the material.  Using a non-contact option is especially useful for determining shear 
velocity on soft materials.  Another advantage of immersion through-transmission is seen 
when the acoustic impedance of the test material is very close to that of water.  If using the 
immersion pulse-echo technique on materials closely matched to water, the interface signals 
could be very weak; however, in through-transmission there is no need to monitor the 
interface signal and merely the shift in time at the Rx element is measured.  
 
Figure 1 illustrates the basic setup for through-transmission.  
 

 

Figure 1 Though-transmission immersion probe set-up 

Figure 1 illustrates the probe placement either side of the sample.  Alignment of the Tx and 
Rx probes is achieved by maximising the transmitted pulse in water.  The tank allows a 
waterpath distance between the probes of up to 30cm.  
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Probes used for this demonstration were IX870 probes made by UTX.  They have a 3mm 
diameter and nominal 5MHz centre frequency.  With such a small diameter, the 3dB beam 
width at 150mm water path is approximately 12mm and at 30cm water path approximately 
25mm (see Figure 2). 
 

 
 

Figure 2 Immersion probe beam profile for 3mm 5MHz 80% bandwidth probe 

 
With the probes aligned, the ultrasonic system is used to tune the pulser and receiver to the 
setting appropriate for the probe.  In the case of this demonstration, a PCPR100 pulser-
receiver made by Adaptronics was used in conjunction with Winspect software.  The pulse 
was tuned to a 5MHz bi-polar pulse at 225volts.  The receiver filtering was adjusted to pass 
0.1MHz to 14MHz and the attenuation adjusted to produce a non-saturating RF signal on the 
A-scan display.  Signals were digitised using an STR8100 100MHz analogue to digital 
converter made by Sonix.  
 
The signal on the A-scan display is then captured by the software and saved as the water path 
signal.  Without any adjustments made to the setup, the test sample is then placed between the 
Tx and Rx probes such that its surface is perpendicular to the beam.  Perpendicularity can be 
assessed by observing the A-scan response.  Perpendicular incidence will result in the 
maximum transmitted signal.  Lateral dimensions of the sample should be adequate to ensure 
no edge effects.  Sample thickness should be adequate to avoid interfering echoes if too thin 
and excessive attenuation if too thick.  Selfridge [8] recommended that samples have 
thickness at least ten times the wavelength at the nominal frequency being used.  He also 
indicated that lateral dimensions should be at least ten times the thickness.  This was 
reasonable advice for the relatively low velocity epoxy materials that he was assessing.  In 
metals, the longitudinal wavelength could be 1mm to 1.2mm at 5MHz.  In most cases, 10-
13mm thickness is not unreasonable however, it may not be necessary that the lateral 
dimensions be 100-130mm and we have found that 50-75mm is usually adequate.  
 
When the sample is placed between the Tx and Rx probes in the water path, it will be 
observed that the A-scan signal will change in time and amplitude will decrease.  For 
materials with acoustic velocity greater than water the time change will be a decrease.  For 
materials with velocity less than water the time position of the A-scan signal will increase.  
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One of the conveniences of the immersion through-transmission technique is the simplicity 
with which an estimate of the shear velocity can be made.  Figure 1 is shown with the sample 
holder mounted to a rotating stage.  By rotating the sample the beam can be made to mode-
convert (in accordance with Snell’s Law).  By rotating to the critical angle the longitudinal 
mode is refracted away and the shear mode remains in the material.  Upon reaching the far 
surface the shear mode exits the sample and mode-converts back to compression mode in the 
water.  
 
The effect is illustrated in Figure 3.  By rotating the sample to a point just past the first critical 
angle the shear mode is left in the sample and exits at a slightly offset position.  The 
illustration shows that the offset can be quantified; however, the actual peak position of the 
offset will be very difficult to identify with a long sound path and highly divergent beam.  
 
 

 

Figure 3 Obtaining shear mode in the through-transmission immersion setup 

In Figure 4 the A-scans that were used for analysis of a 9.60mm thick sample of aluminium 
6061 are illustrated.  Using the maximum positive voltage for each case provides three 
reference times.  For water the peak is at 100.35µs.  For the longitudinal mode the reference 
peak is at 95.40µs.  For the shear mode, maximised with a rotation of 19° the reference peak 
signal is at 96.73µs.  

 

Figure 4 Time domain comparison for A-scans used in assessment of Al-6061 
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3. Calculations used for Velocity Determination and Attenuation in the 
Through-Transmission Technique 
 
Bulk longitudinal velocity using the immersion through-transmission technique uses the travel 
time in water as a reference.  This is compared to the time of the signal with the sample 
material inserted in the water path.  It assumes that an accurate value for the water velocity 
has been established.  The sample longitudinal velocity can then be calculated from: 

Where: Vw is the acoustic velocity in water at the measured temperature 
  tw is the reference time in water 
  ts is the reference time in the sample 
  d is the thickness of the sample 
Note that the Excel template uses the Bilaniuk and Wong [9] equation to calculate the velocity 
of water for a specified temperature. 
 
Bulk shear velocity using the immersion through-transmission technique also uses the sample 
travel time in water as a reference and the time of the signal when the sample material is 
inserted in the water path.  However, the signal used is obtained by rotating the sample to a 
point just past the critical angle (i.e. as the sample is rotated the signal from the compression 
mode drops and a separate signal rises due to the shear mode in the sample).  The sample 
shear velocity can then be calculated from [7];  
                                      

Where: Vw is the acoustic velocity in water at the measured temperature 
  tw is the reference time in water 
  ts is the reference time in the sample 
  θi is the incident angle determined by the goniometer rotation 
  d is the thickness of the sample 
 
Bulk attenuation of the longitudinal wave is calculated based on the total energy of the pulse 
in water compared to the total energy in the sample with a correction for the transmission 
losses due to acoustic impedance.  The equation from Pedersen [5] is used.  
                                                                
Where: Ew is the voltage values of the impulse in water without the sample  

 Es is the voltage values of the impulse of the signal with the sample in the waterpath 
  t is the time of voltage sample  
  dt is the timing sample interval 
  d is the thickness of the sample 
  z1 is the acoustic impedance of the water 
  z2 is the acoustic impedance of the sample 
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4. Calculations used to Derive Material Modulli 
 
Assuming that the density of the sample material is known, several useful parameters can be 
calculated once the acoustic velocities are determined.  Equations found in the ONDT 
Technotes [10] are solved using the input density and calculated velocities.  
 
Poisson’s ratio 

             
            

Young’s Modulus (E)                        

The Modulus of Shear (G)       
Where  

ρ = material density 
V l=longitudinal velocity 
Vs=shear velocity 
σ=Poisson’s ratio 

 
The Excel template used for this demonstration also provides computation of the signals in 
the frequency domain.  Figure 4 indicates how the A-scan waveform can be processed into the 
frequency domain and the use of the phase-velocity plot to assess dispersion (aluminium 6061 
is essentially non-dispersive).  
 

 

Figure 4 Analysis of data in the frequency domain to assess of Al-6061 
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5. Comparing Results to Published Values 
Table 1 lists the longitudinal and shear velocities for several of the materials tested using the 
Excel analysis template with the through-transmission technique.  Bracketed values indicate 
velocities published by other sources. (See referenced sources below Table 1) 
 
Table 1 Selected Acoustic Velocities determined by through-transmission 

Material Density Velocity Long  

Velocity 

Shear 

Acoustic 

Impedance 

(Long) Total Atten. 

 

kg/m^3 m/s m/s Mrayls dB/mm 

Aluminium 6061 2700 6207(6375)(2) 2916(3150)(2) 16.76 0.14 

Brass 360 

 8490 4500(4430)(1) 2227 38.20 0.24 

Brass –yellow 8470 4160 1878 35.24 0.31 

Copper 8920 4752(4660)(1) 2271(2337)(2) 42.39 0.08 

Stainless Steel 304 7999 5728(5920)(3) 3057(3141)(3) 45.45 0.06 

Stainless Steel 316 8000 5823(5720)(3) 3023(3272)(3) 46.58 0.28 

Steel  1018  

(ONDT 1020 steel) 7800 5841(5890)(1) 3104 45.56 0.05 

Steel 1048 7870 5814 3106 45.76 0.44 

Titanium 

 4506 6102(6100)(1) 3085 27.49 0.03 

Glass-Borofloat 2220 5506 3395 12.22 0.05 

Glass-fused silica 2203 5983 3573 13.18 0.09 

Glass-Pyroceram 2550 6548 3601 16.70 NA 

Glass-soda lime 2530 5812 3351 14.70 0.09 

Acetal (Delrin) 1410 2335 NA 3.29 2.34 

Aqualene 300 940 1586 NA 1.49 0.33 

HDPE Pipe 3408 955 2406) 1026 2.30 1.05 

HDPE Plate black 950 2575 1159 2.45 0.79 

HDPE Plate natural 950 2561(2460)(1) 1123 2.43 0.74 

HDPE UHMW-

natural 930 2208 897 2.05 1.15 

LDPE Plate black 915 2182(2080)(1) 820(540)(3) 2.00 1.32 

Nylon 6 (polyamide) 1150 2707(2600)(1) 1144(1150)(3) 3.11 1.34 

Nylon 66 

(polyamide) 1140 2720 NA 3.10 1.28 

PEI (Ultem1000) 1270 2467 1071 3.13 0.42 

PMMA 

(Lucite/Perspex

) 1180 2724(2730)(1) 1377(1430)(3) 3.21 0.57 

Polycarbonate 

Lexan 1210 2250(2268)(2) 948 2.72 2.47 

Polystyrene 

Rexolite 1040 2346(2340)(1) 1157(1143)(2) 2.44 0.15 

PTFE 

Rulon-J 2220 1530 NA 3.40 3.57 

 
1. ONDT- http://www.olympus-ims.com/en/ndt-tutorials/thickness-gage/appendices-velocities/ 
2. Advanced UT- http://www.advanced-ndt.co.uk/index_htm_files/Reference%20Chart%20-%20Velocity%20Chart.pdf 
3. GE Sensing http://www.instrumart.com/assets/ge-sound-speeds-and-pipe-size-data.pdf 

http://www.olympus-ims.com/en/ndt-tutorials/thickness-gage/appendices-velocities/
http://www.advanced-ndt.co.uk/index_htm_files/Reference%20Chart%20-%20Velocity%20Chart.pdf
http://www.instrumart.com/assets/ge-sound-speeds-and-pipe-size-data.pdf
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In Table 1, polymers with shear velocity indicated as NA were not possible to determine due 
to high attenuations of the shear mode for the samples used.  At only 4.71mm thickness, the 
attenuation of the Pyrocream glass sample was not reliably derived. 
 
It is interesting to compare the values of some of the modulii calculated using acoustic 
properties to those measured in mechanical labs.  Modulii  values can vary due to differences 
in sample composition and test method.  As a percentage, there seems to be a higher variation 
in values for polymers.  Even in the various published literature it is stated that values are 
approximate and only meant for comparison.  We have tabulated a few values derived from 
the equations in [10] and compared these to typical mechanically-derived values published in 
the Engineering Toolbox website [11].  The comparison is given in Table 2.  
 
Table 2 Comparing Modulii  
 
Material Young’s Modulus Shear Modulus 

Ultrasound 
GPa 

Mechanical 
GPa 

Ultrasound 
GPa 

Mechanical 
GPa 

Aluminium alloys 62-68 70 22-25 24-28 
Copper 124 117 46 45 
Steel 195-197 180-200 75-76 75-79 
Glass 61-85 50-90 26-33 26 
HDPE 2.1-3.5 0.7 0.75-1.3 0.12 
LDPE 1.7 0.7 0.61 0.12 
Nylon 4.2 2-4 1.5 4.1 
Polystyrene 3.7 3-3.5 1.4 NA 
 

6 Possible Sources of Variation 
 
Table 1 indicates that there can be significant differences between published values for 
acoustic velocities of the same named material.  In some cases differences of over 200m/s can 
be found.  Materials of the same name can have many variations.  For example; the material 
identified as brass is often seen in a list without reference to its alloy or form (cast or rolled).  
Yet there can be dozens of brass alloys.  Other metals can have significant variation in 
acoustic properties due to rolling effects on grain structure, heat treatment and residual 
stresses.  As a result of the processing (heat treatment and rolling) some materials can be 
anisotropic with respect to velocity.  
 
Polymers can have acoustic variation due to their processing as well.  Some are extruded 
while others are cast.  When extruded, the extrusion rate and cooling rate determines 
percentage of crystalinity.  Unlike metals with well defined alloy formulae, polymers can 
have minor differences in formulation for materials of the same name depending on the 
manufacturer.   
 
Even when the same samples are used, variations in results can occur.  Samples should be 
made with parallel surfaces.  Thickness is typically determined using a vernier calliper or 
micrometer.  Operator differences and small local variations on the sample might produce 
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small variations on the reported thickness of the same sample.  Variations on the order of +/-
0.05 mm would not be uncommon if two people were asked to measure the thickness of a 
sample.  Depending on the part thickness, this could provide variations on the order of 
100m/s.  
 
It is very difficult to estimate a true thickness when the material is so soft that pressing the 
calliper or micrometer against the material causes it to compress.  
 
It is assumed that pure water is used in the immersion through-transmission setup.  Acoustic 
velocity of water is well documented with respect to temperature.  However, even the 
estimate of water temperature using a digital readout thermometer could provide a difference 
of +/-1°C.  The difference between the longitudinal velocity calculated at 20°C compared to 
19°C could result in a difference of over 40m/s in the calculated value.  
 
Instrumentation can also play a role in accuracy of the results.  Digitisation rate dictates how 
precisely the reference time is determined on the waveform.  Although some systems can 
provide time resolutions of 1ns or better, many systems still use 80 to 100MHz digitisation 
rates (i.e. 12.5ns to 10ns sample intervals).  
 
Shear wave velocity estimates are based on the angle of sample rotation by the goniometer.  
Being able to read to within 1° precision on the goniometer can still result in variations of the 
estimate on the order of 40m/s.  And this measurement is somewhat qualitative as it requires 
judgement on the angle at which the longitudinal signals “appears” to have disappeared.  
 
Attenuation estimates can be affected by the surface condition of the sample.  The equation 
used to estimate attenuation incorporates a correction factor based on the transmission 
coefficient.  Thin samples of high acoustic impedance materials may result in the transmission 
coefficient correction factor over-compensating for the sample’s attenuation.  
 

7. Conclusions and Comments 
 
Acoustic properties of materials (velocities and attenuations) can be derived using either 
pulse-echo or through transmission techniques.  Acoustic velocities, together with a derived 
or provided material density, can be used to calculate other mechanical properties.  
 
Published tables of acoustic properties usually provide a single numeric value for acoustic 
velocities and attenuation.  However, in many cases the values published are merely 
indicative of a typical sample.  For many materials, velocity and attenuation can span a range 
of values due to material processing variations and mechanical and acoustic measurement 
tolerances.  
 
This paper has provided a brief description of one option for determining acoustic velocity 
and attenuation.  The immersion through-transmission technique provides a convenient way 
to measure time shifts and amplitude changes that can be used to calculate velocities and 
attenuation.  It is particularly useful when the material tested is soft and the use of contact 
testing could deform the surface where probes are pressed to make suitable acoustic coupling.   
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Using a Microsoft Excel template, through-transmission waveforms were analysed for time 
and amplitude changes to determine bulk velocity and attenuation.  The same template can be 
used to analyse in the frequency domain and plot dispersion and attenuation as a function of 
frequency.   
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