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Demonstration of the capability of Phased Array technique for detecting 

defects in thick-section welds. 
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Abstract 

Phased array is one of the advanced methods of ultrasonic testing that has applications in medical imaging and 

industrial nondestructive testing.  Its technology is continually improving with time. To ensure that accurate 

depths and sizes of defects are obtained, a high-resolution beam with 16 elements is used. The focus of this 

study is on welded plates, T-joints and pipes, taking into account their geometric structure and the 

manufacturing processes. The steerable and tightly focused transducer, working like a search-light through the 

thick-section welds being examined, improves the efficiency and reliability of defect characterization. This 

paper presents the results of defect characterization by demonstrating the capability and necessity of phased 

array technique in thick-section welds. 
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1. Introduction  

Limitations are often experienced with conventional ultrasonic transducers when dealing with 

sensitivity, reliability and for complete imaging of defects. Time is consumed due to scans 

being required at different orientations, though overcome by the B-scan imaging capability 

without mechanical scanning [1, 2]. With the advent of ultrasonic phased array, it became 

vital to assess the performance for defect characterization on welded plates, T-joints and 

pipes. The advantages of the phased array scan incorporate its high degree of sensibility and 

versatility, thus creating great effective capacity for detection of various defects and a sound 

interpretation [1, 3, 4, 5]. 

For applications such as pipeline inspection, thick-section weld integrity and in-service crack 

sizing, the phased array is of great importance in assessing the defects’ impact on the 

integrity of the structure. With defects found in structures or embedded components [6] it is 

required to acquire as much information as possible about the characterization of defects 

prior to deciding whether or not remedial work is necessary.   

The ultrasonic phased array system with its steerable and tightly focused transducer, working 

like a search-light through the thick-section welds, improves the efficiency and reliability of 

defect characterization. The concept is based on the use of a high resolution beam made up of 

16 individual elements which can each be individually driven [7, 8]. 

When phased array method is applied to metals, the images show a slice view which reveals 

hidden defects in a structure or weld.  
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1.2 Theory Background 

1.2.1 The Phased Array system 

The heart of a phased array system is the transducer with multiple elements ranging from 16 

to 256. These elements are arranged in either linear array, annular array or circular array. 

Frequencies of these transducers usually range from 2 MHz to 10 MHz. The ability to modify 

the generated beam profile results in the establishment of the well known scanning 

techniques used in phased array, namely: linear scanning, dynamic depth focusing and sector 

scanning [9]. 

In linear scanning, multiple elements are used with the same pitch from the centres of the 

elements. The elements are pulsed at different set times (time delay) and cover a wide area to 

be inspected. When the nth element is pulsed at  )1(n , the wave front then propagates at 

an angle given by [10]. 
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where c represents the wave velocity in the material,  is the change in time and d  is the 

pitch (distance from the centre of one element to the centre of another). Setting the time 

delays properly, phased array can dynamically focus and steer the ultrasonic beams. The time 

delay can be determined from the following equation [11]. 
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In dynamic depth focusing, the focal point is electronically moved along the central beam 

axis. In sector scanning, the beam is swept over a wide angular area. For the purpose of our 

study, sectorial scanning is considered. 

The geometry of a weld is an important factor in determining which angle to use for 

inspection in ultrasonic testing. The phased array sectorial scan makes it possible to scan 

areas with restricted access and also enables angles to be changed according to the geometry 

of the weld under inspection. Phased array systems allow inspection angles to be adjusted 

accurately and modified easily so as to obtain better response from defects. 



 

Figure 1: Sectorial scan of a weld 

2. Experimental Setup 

For the purpose of this study, a steel pipe and node and carrier with thick-section welds are 

considered. The dimensions of the node and carrier are given as follows: external diameter of 

270 mm, an inner diameter of 230 mm, circumferential wall thickness of 20 mm and plate 

thickness of 25 mm, (see figure 2 below). The thick-section weld of 25 mm is depicted in 

figure 2 with a bold solid thick line. The welded pipe has the following dimensions: an 

external diameter of 160 mm, an inner diameter of 230 mm, a circumferential wall thickness 

of 15 mm and 305 mm long. The thick-section weld of 25 mm is depicted with a bold solid 

thick line. 

Phased array ultrasonic inspection was carried out because a variety of angles and focusing 

scenarios can be investigated with a single probe (multi element). In this case, a phased array 

Phasor XS unit (GE inspection Technologies) is used. This unit has a 4 MHz probe with 16 

elements. To calibrate this unit, a V1-A1018 steel block is used. Gel is used as a couplant.

 

 Figure 2: Node & carrier (specimen 1)                         Figure 3: Welded Pipe (Specimen 2)

         



3. Results and Discussion 

From the node & carrier specimen with dimensions indicated in figure 2 above, 3 defects are 

detected using phased array technique. The results obtained are shown in table 1 below. The 

results are compared to those of the actual results (in brackets) obtained from the 

manufacturer. 

Table 1: Results obtained with phased array method and actual results 

Defect Location (mm) Length (mm) Depth(mm) 

1 223(223) 15(14) 16(N/A) 

2 423(420) 8(8) 8(9) 

3 575(571) 10(10) 15(N/A) 

 

 

Figure 4                                 Figure 5                                       Figure 6 

Figure 4: Micrograph depicting the first flaw from specimen 1. A centreline crack was located 223 mm from the 

reference point, which was 14 mm in length with the depth of 16 mm.                                                           

Figure 5: Micrograph of the second depicted flaw from specimen 1. A slag inclusion was located 423 mm from 

the reference point, which was 8 mm in length with the depth of 8 mm.                                               
Figure 6: Micrograph of the third depicted flaw from specimen 1. A heat affected zone (HAZ) crack was located 

575 mm from the reference point, which was 10mm in length with the depth of 15 mm. 

Considering defect 3 from table 1 (see figure 6), the location of the defect was found to be at 

575 mm away from the reference point when using phased array. The actual location from the 

manufacturer was 571 mm. The values for the length were the same. The depth was 15 mm 

with phased array but was not able to be located from the actual results. When comparing the 

results of both the phased array method and the actual results from the manufacturer, it can be 

seen that the location, length and depth of the defect seem to differ slightly as shown in table 

1. The phase Array method has the ability to show micrographs of the defects found.  The 

length of the defect was calculated using the following equation [1]: 

                                                  (1) 

where  is the defect length,  is the thickness of the specimen, θ1 and θ2 are the angles 

subtending at the tips of the defect. The results obtained from this experiment were as follows 

(see figure 6): an indication was detected on the heat affected zone (HAZ), 575 mm from 

reference point with a sound path distance of 105.75mm, a projection distance of 49.5 mm, a 

thickness depth of 15.01 mm and the defect length of 10.08 mm. 

The results of  and  are obtained as, from the tips of the crack, and , 

where the thickness of the material . 



From the calculations made, the values of the defect lengths are comparable, as shown in 

table 1. The depth of the defect 2 varies slightly from the actual depth. Phased array 

technique is complemented by micrographs. This proves that the phased array technique is 

more convenient, efficient and reliable. 

Table 2: Results obtained with Phased Array method and Actual results 

Defect Location (mm) Length (mm) Depth(mm) 

1 132(132) 7.3(8) 4.1(4) 

2 272(272) 14.3(13) 10.3(10) 

 

 

Figure 7                                                           Figure 8 

Figure 7: Micrograph of the first depicted flaw form specimen 2. A slag inclusion was located 423 mm from the 

reference point, which was 8 mm in length with the depth of 8mm.                                                                

Figure 8: Micrograph of the second depicted flaw from specimen 2. A slag inclusion was located 423 mm from 

the reference point, which was 8 mm in length with the depth of 8 mm. 

The micrograph images may seem similar. However a major difference can be spotted from 

the A-scan, comparing the amplitudes and different locations of the signals. A great 

advantage about phased array is also the ability of having both A-scan and sector scan for 

reference. 

4.Conclusion 

After detecting and locating a weld defect, inspection angles were easily obtained for 

accurate sizing and better characterization of the defect. This resulted in improved and better 

inspection making phased array to be a reliable technique. The study showed that the phased 

array method promotes increased sensitivity and coverage with reduced inspection time. 

Immediate and reliable images (scans) that are easy to interpret have been generated. 

Particular attention was being paid to the effectiveness, efficiency and accuracy of 

characterization of the phased array technique.  Experimentally it was shown that the phased 

array scanning technique and its beam steering capability with reference to imaging and 

sizing of the defect has improved the accuracy and quantitative characterization of locating 

defects. 
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