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Abstract 

Improvement in the quality of ultrasonic signals has been demonstrated using 1.5D phased-array probes.  

Photoelastic visualisation and modelling is used to explain some of the aspects that have led to these 

improvements.  Comparison is made between the results obtained using traditional mono-element probes and the 

1.5D matrix array probes. 
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1.  Introduction 
 

The NDT industry has long endeavoured to find solutions to perform effective ultrasonic 

examination of coarse-grained materials.  The origins of the problem have been well 

documented [1, 2, 3, 4] and the proposed solutions are obvious enough.  Solutions generally 

relate to the use of longer wavelength pulses as provided by lower frequency probes or the use 

of compression mode instead of the transverse mode.  Some improvement has been 

documented [4] when the wave mode is the horizontally polarised shear mode (SH shear 

wave).  

 

As a result of scatter, the incident wavefront can be redirected by aligned grains.  The 

wavefront is also disrupted such that portions are randomly scattered and generate “noise”.  

Solutions to the scattering problem that rely on the use of longer wavelengths (lower 

frequencies) attempt to minimise the effects because scattering is proportional to the ratio of 

the grain size to the wavelength.  However, in coarse-grained materials the sound pulse does 

not always just scatter at the grain boundary.  Some of the energy can be transmitted across 

the boundary, mode-converted and absorbed within the grain.  The overall effect is the 

reduction of the energy available in the forward-travelling wavefront.  This means that any 

reflections from relevant flaws will be made with a pulse that could be much less energetic 

than was initially produced at the probe.  This reduction would be in addition to the normal 

reduction in sound pressure due to divergence.  

 

To overcome the reduced pressure being returned to the receiver, the normal process is to 

simply add gain.  However, this is also amplifying the scatter noise and often the 

amplification is so high that electrical noise is also manifest on the display.  
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If the increased wavelength has been optimised to minimise the back-scatter generated at the 

grain boundaries, then the only option left to improve the information returned to the receiver 

is to ensure that a larger amount of pressure is returned.  This can be achieved by providing a 

larger amount of pressure at the source.  

 

Two methods of increasing pressure at the source of an ultrasonic pulse exist; 

 Increased voltage from the pulser 

 Use of constructive phase interference with wavelets 

 

In addition to increasing the pressure at the source, some increase in the pressure at the region 

of interest can be achieved by focussing; although this has limited application when the sound 

path to the region of interest exceeds the near field distance.  

 

Modern ultrasonic instruments usually use negative square wave pulsers to optimise the 

pulse-duration and maximise the output from the piezo-electric effect.  However, the voltages 

available are often not as great as can be handled by the piezo elements.  This restriction on 

the voltage output is often a result of heating effects and the desire of the instrument designers 

to avoid complications that would result from over-heating if very high voltages were used.  

Although piezo elements in the range of 2MHz to 10MHz can provide a maximum output 

when 200-250 volts is applied, many instruments limit voltage to 150 volts or less.  

 

An effective method of increasing pressure output from a probe face is to use the constructive 

interference of a phased-array probe.  Two small adjacent sources of coherent pulses will emit 

wavelets and the points on these wavelets that are in phase will double the particle 

displacement when the wavelets cross. This is the principle upon which phased-array 

wavefronts are based.  Therefore, for a given applied voltage, the particle displacement at the 

constructive interference points from a phased-array probe will be double that from a 

monoelement probe.  Figure 1A & 1B illustrates how the particle displacement amplitude is 

fixed when only a single element is used whereas it can be doubled by constructive 

interference.  

 

 
Figure 1 Illustration of increased particle displacement due to constructive interference 

 

Linear array probes have long taken advantage of the phasing effects to focus and steer 

ultrasonic beams.  However, the beam in the plane perpendicular to the active aperture is less 

affected. 

 



 3 of 3 

 

A matrix array can be made to generate the constructive interference in both planes and 

thereby have the potential generate the higher pressure by focussing a pulse in both the lateral 

and vertical directions.  When the number of elements in the secondary plane is less than 

eight, the array is considered a 1.5D array.  When the number of elements in the secondary 

plane is eight or more the matrix array is considered a 2D array.  If the number of elements in 

an aperture is low, steering ability is limited.  In this paper we will examine the beam from a 

1.5D array with 16 elements in the primary direction but only 2 elements in the secondary 

direction.   

 

The element arrangements for the Dual Matrix Array (DMA) and Dual Linear Array (DLA) 

studied in this project are indicted in Figure 2.  

 

 
 

Figure 2 Element arrangements for DMA A27 and DLA A27 probes  

2. Modelled and Photoelastic Imaged Pulses 
 

Civa modelling is used to compare the beam shapes and intensities from a monoelement dual 

probe and a linear phased-array and 1.5D matrix phased-array probes.  All probes are 

modelled with the same aperture (6 x 16mm).  Photoelastic images are then used to compare 

the beam shapes and intensities from linear phased-array and matrix phased-array probes to 

the Civa- modelled results.  

 

Using the Dual Matrix array as the example of the effects of a roof angle, we can see how the 

compression and shear modes not only refract at different angles, but also skew at different 

angles.  The Top-Side-End view of the Civa-calculated 3D beam is shown in Figure 3.  The 

beam pattern in Figure 3 is modelled for the condition where no depth steering is used in the 

secondary axis.  

 

Tx Rx

1 2 33 34 1 2

3 4 35 36 3 4

5 6 37 38 5 6

7 8 39 40 7 8

9 10 41 42 9 10

11 12 43 44 11 12

13 14 45 46 13 14

15 16 47 48 15 16

17 18 49 50 17 18

19 20 51 52 19 20

21 22 53 54 21 22

23 24 55 56 23 24

25 26 57 58 25 26

27 28 59 60 27 28

29 30 61 62 29 30

31 32 63 64 31 32

Tx Rx

DMA A27 DLA A27
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Figure 3 Top-Side-End view - 3D modelled 2x16 Dual Matrix array; transmit side only 

When compared to the Dual Linear array with the same aperture, Civa indicates an almost 

identical beam pattern.  Figure 4 illustrates the Top-Side-End views of the dual linear array on 

the same refracting wedge as it would appear when coupled with a glass sample.  

 

 

 
 

Figure 4 Top-Side-End view - 3D modelled Dual Linear; transmit side only 
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In fact, when comparing 4MHz Dual probes refracting in Glass at 45° we find that the beams 

from the monoelement, dual linear array and dual matrix arrays are essentially identical.  The 

Civa-modelled comparison is made in Figure 5.  

 

 
Monoelement Dual   DLA      DMA 

 

Figure 5 Comparing identical aperture probes of the same frequency 

 

The monoelement dual probe is not very compatible to automated UT in that it is limited to a 

single angle and requires raster motion to cover the full volume or numerous probes are 

required to achieve coverage.  

The DLA probe has potential for greater pressure in a limited region of interest by focussing 

and sectorial scanning making it suitable for automated applications for full volume coverage 

in weld inspections.  

The DMA probe also has the potential for increased pressure in the region of interest by 

focussing that could be slightly greater than the DLA by focussing in the lateral plane.  

However, with only 2 elements in the secondary axis (i.e. 2x16); the passive dimension pitch 

is 3mm, which is about twice the wavelength of the compression mode in steel.  Yet in order 

for the probe to avoid grating lobes, the element should be at least half the wavelength; as a 

result, only very limited steering can be achieved with such a probe.  

 

Ideally the phasing effect provides a slight increase in the particle displacement as compared 

to the monoelement probe.  However, modelling indicates this is not the case.  For the same 

aperture and frequency, the monoelement probe is predicted to have a slightly stronger signal 

(2.5dB) and the two phased array options are predicted to have no difference.  When the 3 

options are normalised to the monoelement probe we see the characteristics of beam intensity 

along the compression mode axis for a 45° beam placed on glass. 

 
 

Figure 6 Modelled pressure along the longitudinal axis; Left to right Monoelement 

Dual, Dual Matrix Array, Dual Linear array 
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Probe construction variations are not considered in Civa modelling and some variations can 

occur due to material variations.  

 

Assigning a focal depth greater than the near zone with the DLA probe has little effect other 

than to mimic the conditions of an unfocussed beam.  However, when we assign a focal depth 

to the DMA probe, the effect is to attempt to steer the beam towards the Tx/Rx centreline.  

When the assigned focal depth closely matches the natural crossing point of the beams the 

performance of the DMA closely matches that of the DLA.  When we attempt to focus the 

DMA at a much greater depth the result is a reduced pressure on the beam axis.  

 

Figure 7 illustrates how the DMA can attempt to focus at a great depth.  A 1 meter focal 

distance was used to simulate an unfocussed 45° beam for the DLA probe.  When applied to 

the DMA probe this has the probe attempt to direct the beam to a point farther out along the 

centreline of the probe.  It does so at the expense of grating lobes and a reduced on-axis 

pressure.  At 60mm from the wedge/glass interface Civa estimates a 10dB reduction in signal 

for the skew-steered DMA beam compared to the unskewed beam.  This was confirmed by 

observing the response from the backwall surface of the glass block.   

 

 
 

Figure 7 Comparing beam directions and strengths of the longitudinal mode pressures 

for the delay law for a 1 meter focal depth (left) and the natural crossing point at 14mm depth 

(right) for the DMA probe  

 

Comparing the Civa-modelled beams in pulse mode to the photoelastic imaged pulses in the 

glass, we see good agreement of the relative intensities and angles for the compression mode 

configured to refract at 45°.  Figure 8 compares the pulses calculated by Civa to the 

photoelastic imaging for the DMA steered at 45° and viewed 90° to beam axis.  Figure 9 

compares the pulses calculated by Civa to the photoelastic imaging for the DMA steered at 

45° and viewed 0° to beam axis. 
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Figure 8  DMA-steered 45° and viewed 90° to beam axis 

 

 
 

Figure 9  DMA-45° viewed at 0° to beam axis (shear too far out of plane for effective 

photoelastic image) 
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Side-by-side photoelastic images of the pulses from the DLA and DMA in Figure 10 indicate 

no significant differences when the delay laws are configured to focus at a long sound path.  

Both probes were pulsed using a 125ns pulse duration and a 220V square wave excitation.  

The DMA option indicates a slightly less intense pulse which can be attributed to the pressure 

reduction do to skew as the beam is focussed towards the probe centreline. 

 

 
 

Figure 10 DMA-45° viewed at 90° to beam axis on left compared to DLA-45° viewed at 

90° to beam axis on right.  

 

3. Direct comparison on targets in coarse-grained material 
 

Presented in the Figures 11 and 12 are example responses from SDH’s – OD and ID notch 

targets, located at the edge of weld.  The Figure 11 show the calibration block layout and 

identifies several of the introduced targets along with a series of introduced mid-wall weld 

defects in the example C-scan. Overall, the principle response levels are very similar, DMA 

being 4-6dB down from the DLA response.  

 

The S/N ratio examination was performed on a SDH targets for both the DMA and DLA.  

Signal to noise ratio was assessed by setting the responses from the side drilled holes in the 

ends of the weld to 80% and adding gain to bring the grain noise to 80%.  The established 

SNR for the DMA was 35dB while the DLA SNR was 43dB. 
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Figure 11 Illustration of calibration block layout with example C-scan showing some of 

the weld indications and some of the introduced targets 

 

 
Figure 12 DMA weld scan (upper image) and DLA weld scan (lower image) showing C-

scan of the calibration block (left of image is the 1 SDH end) 

 

Founded on the dual arrays, the wide-angle S-scan performed well over an extended range of 

thickness.  Principles of the TRL, i.e. utilizing the multimode functionality, are more 

successful when applied to thin wall, while combinations of shear and dual-array longitudinal 

modes are ideal for plate and weld volume scanning for heavy wall. 

 

4. Conclusions 
 

Phased-array probes can provide improved volume coverage and offer the ability to 

interrogate the weld volume with multiple angles.  In general, phased-array dual probes can 

provide improved signal to noise ratio for the inspection of coarse-grained materials.  At least 

some of the improvement can be attributable to the ability of phased-array probes to focus in a 

region of interest. 
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As with any focussing, the pseudo-focussing at the crossing point of a dual probe has a 

limited useful range.  The roof angle should be carefully selected to address the region of 

interest.   

 

There is some advantage for DMA probes when a small adjustment is required to direct the 

beam at the pseudo-focal point to a slightly different position.  The wedge used in this 

evaluation has a crossing point at a depth of approximately 14-15mm.  Small adjustments of 

the focal depth can be made with the DMA probe and these could be useful when weld 

inspection is possible directly over the weld.   
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