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Abstract 

Stainless steel is well known for its high resistance to corrosion, which makes it ideal for a wide range of 

applications, from everyday cutlery to pressure vessels and pipelines in a nuclear reactor. Nondestructive testing 

of stainless steel products is often required to validate that important components have not failed significantly. 

Unfortunately, conventional ultrasonic testing of stainless steels is not always easy. Due to its large grain size 

and high attenuation of ultrasound, it makes it difficult to penetrate deeply into the material.  Stainless steel is 

also an anisotropic material, which means that ultrasonic properties are different according to the direction of 

propagation. While conventional techniques have shown limited success, in the inspection of welded joints for 

example, phased-array technology has been shown to achieve much better results. In this paper, different 

phased-array techniques were used in the inspection of stainless steel components. Results are compared in 

order to determine pros and cons of each technique but also which one is more suited for the most common 

inspected parts in the industry. 
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1. Introduction 

In the early 2000, portative phased-array units appeared in the market. This new technology generated 

a small revolution in ultrasonic testing and had a huge impact on the stainless steel inspection. These 

instruments solve or ease some of the main limitations related to this inspection. Two years ago, pitch 

and catch techniques using Dual probe have been encouraged in the market. These solutions have 

been promoted as the best available on the market for the UT stainless steel inspection. Nonetheless, 

one may ask what are the real advantages of these techniques? This paper is going to try answering 

that question by performing a quantitative comparison between different configurations in order to 

evaluate on the signal quality, hence helping identifying a suitable solution for the inspection of 

austenitic stainless steel. 

2. Challenges and limitations 

Austenitic stainless steel inspection has always been perceived as a high end inspection which 

involved higher expenses, as it required more equipment and expertise compared to carbon steel 
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inspection. The use of ultrasonic for quality control on those alloys, have been hampered by the 

physical property of this material. Its microstructure generates beam scattering, yielding a low signal 

noise to ratio (SNR) and a severe attenuation of about 0.25dB/mm compared to 0.08dB/mm for 

carbon steel [1]. It has also anisotropic property and velocity change in between the weld and the base 

metal which could generate mode conversion and beam distortion. Those previous characteristics 

complicate the characterisation, the sizing and the localisation of potential flaws, hence lowering the 

probability of detection.  

2.1 Past and current techniques  

The conventional ultrasonic stainless steel inspection is based on the optimisation of UT parameters 

having an influence over the penetration and the signal to noise ratio (SNR). The probe frequency and 

damping, the focal distance and the inspection angle shall be optimized for better detection and sizing. 

Also, the base metal and the weld configuration might have different velocity which would refract the 

beam and therefore generate beam distortion. The positioning error in some cases could reach 25% of 

distance [2]. The physical limitations and challenges are the same when using the phased array 

technology. On the other hand, phased-array brought adaptive focusing capability which helps 

optimizing the probe aperture and its focal distance. Moreover, the 2D display of the weld volume 

gives a more intuitive representation for the beam distortion assessment and the multi-angle 

inspection eliminates the optimisation requirement of the refracted angle towards the grain 

orientation. Nowadays, the phased array technique is often based on Pitch & Catch solution re-using 

the conventional UT approached using lower frequencies in order to improve the SNR.  

3. Method  

To evaluate the parameter effect on the signal quality, the bottom hole of a highly attenuating 

dissimilar weld sample has been used as reference, as shown in Figure 1: 
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Figure 1: Weld Sample use for the study 

3.1 Calibration & SNR evaluation 

No calibration has been realized prior to the data acquisition. The theoretical value of stainless steel 

velocity has been used. Calibrating every tested configuration might have generated human 

measurement errors in the manipulation. Moreover it is practically impossible to build a meaningful 

TCG curve on an anisotropic material. The SNR formula used everywhere in this paper (1) has been 

taken from the European standard EN12668-3. The SNR measurement is one way among others to 

assess the quality of an inspection system.  

��� = dB80%朝墜沈鎚勅 − dB80%張墜鎮勅 (1) 

4. Results 

4.1 Wave mode comparison 

The ultrasonic wave modes are characterized by the sound propagation orientation inside the material. 

The longitudinal or compression wave mode (LW) is characterised by parallel orientation propagation 

and the Shear wave mode (SW) is defined by perpendicular orientation propagation. If shear wave 

mode is predominant for carbon steel inspection, longitudinal wave, in some situations, have been 

proven more efficient for austenitic stainless steel inspection. Both modes have pros and cons; 

however longitudinal wave is less affected by the microstructure of the material. This has a direct 

impact on the SNR measurement as demonstrated in Figure 2. Using the same probe (DAAH T1-

5MHz32E0.8P), the LW mode gives almost 6dB more of SNR compared to the SW mode. 
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SW 

SNR: 9.6dB 

 
LW 

SNR: 15.1dB 

Figure 2: Wave mode comparisons  

4.2 Elements used per focal laws  

The number of elements, hence the active aperture used for focalisation, have a great influence on the 

data in terms of amplitude, resolution and sizing capability. In the Figure 3 below, both reflectors are 

still inside the near field dimension which explains the moderate effect on the SNR. However, the 

difference of SNR, when compared to a reflector outside the near field would be significantly more 

important. Generally speaking, the more elements used, tighter the beam would be and better the 

sizing and penetration capability it should produce.   

 
SW 16E 

SNR:9.6dB 

 
SW 32E 

SNR:13.6dB 

Figure 3 Element number comparisons 

4.3 Frequency Effect  

4.3.1 Shear wave 
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The Shear wave mode is the propagation mode that’s the most affected by the microstructure of the 

material. The beam scattering is generated by the grain boundary and is independent from the 

inspection frequency. However, the sound attenuation is directly linked to the frequency wavelength 

which explains the fact that the SNR increases as the frequency decreases (Figure 4). Even if this 

wave mode is more affected by microstructure of the material, it has some clear advantage compare to 

longitudinal wave inspection and should be privileged when possible. It has been proven efficient in 

the past on some austenitic weld configuration and it is strongly recommended for thickness between 

2 and 10 mm [3].  

7.5 MHz  

SNR = 7.5dB 
5 MHz 

SNR = 9.6dB 
2.25 MHz 

SNR = 15dB 

Figure 4 Frequency comparisons for Shear wave 

4.3.2 Longitudinal wave 

The longitudinal wave mode is less affected by the microstructure of the material. The beam 

scattering is generally smaller and would less depend on the wave orientation toward the 

microstructure of the weld. Hence, the effect of the frequency on SNR is not following the same logic 

as for the shear wave mode. The longitudinal wave length is approximately twice the length compared 

to shear wave; it has a direct effect on the sensitivity of the inspection. The sharpness of the beam and 

the sizing capability are automatically decreased for lower frequencies. Those reasons explain why we 

had worse result (Figure 5) using a 2.25 MHz frequency probe compared to the 5 MHz signal. 
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7.5 MHz 

SNR = 9.1dB 

5 MHz 

SNR = 15.1dB 

2.25 MHz 

SNR = 10.2dB 

Figure 5: Frequency comparisons for longitudinal wave 

4.4 UT configuration effects  

The following configurations have been compared in order to quantify their effects on an inspection: 

the pulse-echo configuration pulse and receive on the same element, the P&C tandem configuration 

would pulse and receive on distinguished element set inside the same wedge and the DLA 

configuration is pulsing and receiving on distinguished elements into two separate wedge generally 

side by side, as represented in Figure 6:  

 

 

 

 

 
Figure 6: UT configuration representations 

The Pitch and Catch using PR electronics has been developed mostly to counter signal attenuation and 

increase the SNR of an inspection. The P&C configuration would increase the SNR by decreasing 

electronic noise and residual noise into the wedge. Indeed, by receiving on different elements than 

those who emitted or by receiving in a second wedge, those induced sources of noise are eliminated. 

Results shown in figure 7 support this; SNR is improved between PE and Tandem, and the 

improvement is even more blatant between Tandem and DLA. Also note that the side by side probe 

configuration has a relatively small foot print which decreases the probe distance from the weld.  

Pulse Echo configuration P&C tandem configuration DLA configuration 
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PE  

SNR: 15.1dB 

Tandem 

SNR: 23.7dB 

DLA  

SNR: 33.3dB 

Figure 7: UT configuration comparisons 

4.5 Impact of the electronic equipment on SNR performance  

Veo+, 50 Volt Pulser  

5MHZ, PE, 32E, LW  

SNR: 14.1 

Other Phased-Array equipment, 80V pulser 

5MHz, PE, 32E, LW,  

SNR: 3dB 

Figure 8:  Electronic equipment comparison 

The instrument used obviously plays a key role in the overall results one can obtain. Electronic circuit 

design does have a direct impact on the signal quality of the ultrasonic inspection. Though good SNR 

equipment for carbon steel inspection is not necessary in every situation, it has been proven critical 

for Stainless steel inspection. Results in Figure 8 show clearly that for the same configuration 

parameters, the Sonatest Veo+ electronic circuitry significantly improves the signal quality on highly 

attenuated material, and could bring a real, non-negligible advantage in the case of these challenging 

inspections.  

5. Sonatest DLA Solution  

In the previous section, the relative effects of some parameter on the SNR measurement have been 

demonstrated. Sonatest have recently release a solution for stainless steel inspection using Dual linear 
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Array probe based on the results shown here. The chosen solution was to optimise the passive 

aperture and steer all the probe elements in the same direction, thus the choice of DLA probes. 

7.5 MHz DLA  

SNR = 17dB 

5 MHz DLA  

SNR: 30.6dB 

2.25 MHz DLA  

SNR: 19.2 

Figure 9 DLA solution frequency comparisons 

In Figure 9, we compare the three available frequency of DLA probe in the inspection of austenitic 

stainless steel. Surprisingly, the relatively high frequency of 5 MHz offers better result than the 2.25 

MHz which in contrary to the general belief. As many types of stainless steel welds exist, providing a 

larger selection of probes and frequencies allows for a broader spectrum of inspection approaches. 

Results of the 5 MHz DLA probe in the study clearly show that that higher frequency probes could 

also be used providing better sensitivity and sizing capability in stainless steel inspection. 

Conclusion 

Nowadays, austenitic stainless steel inspection is still a challenging task. This goal of this article was 

to compare some configurations and parameters change on the signal quality, in order to find a 

suitable solution for the inspection of austenitic stainless steel. Results show that the quality of the 

electronic equipment, the focusing capability and the inspection configuration might have more 

influence than the probe frequency over the inspection quality. It has also been demonstrated that, it is 

not always required to sacrifice sensitivity and sizing capability over SNR for that kind of inspection. 

In this context, Sonatest high frequency DLA probes combined with the power of the Veo+ is a 

suitable solution offer for those who seek good sizing capability and sensibility on austenitic stainless 

steel inspection.  
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