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Abstract 

Radiographic and ultrasonic inspections are the two most common methods of non-destructive testing (NDT) 

used to detect flaws in the internal structure of welds. The obvious advantage of these two methods of 

examination is their ability to help establish the weld‘s internal integrity without destroying the welded 

component. Phased array ultrasonic testing (PAUT) and time-of-flight-diffraction (TOFD) techniques are 

considered as the fastest and more accurate methods of non-destructive testing (NDT) as a weld can be 

characterized with single scan along its length. Other advantages in replacing RT with PAUT & TOFD include 

no radiation hazard, detection reliability, better sizing & characterization of flaws, minimum human error and 

data recording capabilities. This paper comprizes the results of radiographic testing, conventional ultrasonic 

testing, phased array ultrasonic testing and time of flight diffraction to show the feasibility of PAUT & TOFD as 

alternate NDT techniques during fabrication and in-service inspection (ISI) of welds. 

Key Words:   non-destructive testing (NDT), phased array ultrasonic testing (PAUT), time of flight diffraction 

(TOFD), conventional ultrasonic testing (UT), radiographic testing (RT), welded specimen, welding flaws. 

1.0 INTRODUCTION:        

1.1NDT includes application of different examination/inspection methods and techniques for 
the detection of flaws in engineering materials. To examine the internal structure of a weld 
without damaging its internal integrity, conventional UT, RT, PAUT and TOFDareused. In-
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service inspection (ISI) of operating conventional and non-conventional plants predominately 
relies on ultrasonic testing. Conventional UT relies on amplitude of reflected signal which is 
less reliable as signal amplitude is highly dependent on orientation of defect with respect to 
incident sound beam. Instead of amplitude, the time-of-flight-diffraction (TOFD) was 
developed. 

1.2TOFD uses the time of flight (TOF) of an ultrasonic pulse to determine the position of a 
reflector. It is currently the most promising ultrasonic technique for the examination of welds 
on pressure vessels/Oil storage tanks in lieu of radiography, for pipe weld quality, crack 
detection, and weld root erosion. Conventional ultrasonic testing consumes a lot of time 
during the scanning. Although setup time of TOFD is long but scanning time is short which 
makes overall inspection time shorter than conventional ultrasonic testing. TOFD technique 
is able to scan, store, and evaluate reflectors in terms of height (through wall thickness), 
length and position with a degree of accuracy and speed never achieved with other ultrasonic 
techniques.When applied to metal thePAUT image reveals defects hidden inside a structure 
or weld. Phased array uses an array of elements, all individually wired, pulsed and time 
shifted. The technique also provides a combination of various scans in the same equipment 
set-up. B-Scan is a side view; C-Scan is top view and the S-Scan isa sectorial view. Phased 
array offers significant technical advantages over conventional single-probe ultrasonic; the 
phased array beam can be steered, scanned, swept and focused electronically. Overall, the use 
of phased array permits optimizing defect detection while minimizing inspection time. 
Radiographic testing makes use of X-rays which are produced by hitting high speed electrons 
with target material in X-ray machine or gamma rays emitted by a radioactive isotope. These 
penetrating radiations are passed through a solid object (welds in this case) on to a 
radiographic film, resulting in an image of the object‘s internal structure being recorded on 
the film. The amount of energy absorbed by the object depends on its thickness and density. 
The energy not absorbed by the area will cause exposure on the film. These areas will dark 
when the film is developed. 

 

1.3It is a fact that advanced non-destructive testing (NDT) techniques like TOFD& PAUT 
are now being considered as a suitable replacement in existing conventional techniques in 
codes of fabrication/Construction. This paper summarizes data comparing results of 
codified conventional NDT techniques and demonstration of better performance of non-
conventional advanced techniques. 

2.0 Body : 

2.1 Specimens used for the experiments: 

For the comparison of conventional UT, RT, PAUT and TOFD, six welded plates were 
used. These plates contained weld flaws like porosity, lack of fusion, slag inclusions, lack 
of penetration and cracks. Although these weld flaws were made intentionally but were 
almost the same as found in welded joints.The details of the welded plates used for the 
experimental study are tabulated in Table-1. All specimens were manufactured from carbon 
steel. The entire specimen listed in Table-1 contained real flaws artificially induced. 
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2.2 Table-1 Details of Specimens:  

Sr. No Specimen 
Identification 

Length × 
Thickness 

(mm) 
Material Flaws Type 

1 NDT-TRG-003 300 × 12 Carbon Steel LOP*, Slag and Porosity 

2 NDT-TRG-019 300 × 12 Carbon Steel Root crack and LOF* 

3 NDT-TRG-047 300 ×20 Carbon Steel 
Toe crack, Transverse crack  
and LOF* 

4 NDT-TRG-068 300 × 20 Carbon Steel Toe crack, LOF* and Slag 

5 NDT-TRG-085 300 × 24 Carbon Steel Root crack and LOF* 

6 NDT-TRG-091 300 × 24 Carbon Steel 
Toecrack, Longitudinal 
crack and Slag 

LOP* = lack of penetration, LOF*=lack of fusion 
2.3 Equipment Specifications : 
The NDT equipment used for TOFD examination consisted of Omni Scan with Manual and 
Motorized Weld ROVER Scanners, with longitudinal wave angle beam probes of 45°, 60° 
and 70° (5 MHz) as shown in Fig.1. 

  

FIG.1.TOFD Testing with Omni Scan& motorized weld rover scanner 

 

FIG.2. ultrasonic testing with digital flaw detector usm35xs 

 

FIG.3. radiographic testing with 225 K
machine 
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FIG.4 Number of defects detected by each technique in six 
samples 

2.4 Data Analysis:  

FIG.5  RT Image of specimen # NDT-TRG-

The evaluation of results shows that all the fabricated flaws in the welded plates were 
detected by PAUT, TOFD and conventional UT. Unlike PAUT, TOFD and conventional UT, 
the RT was unable to detect all the fabricated flaws. The missed flaws were due to their 
planar character. Total numbers of fabricated flaws were16, out of which PAUT, TOFD and 
conventional UT detected all of them, but 03 were missed using RT. So, we can say that RT 
was unable to provide 100%results in these studies. The overall results of six samples are 
shown in fig.4. 

PAUT and TOFD techniques have an advantage over conventional UT, providing accurate 
flaw sizes i.e. length, depth and especially flaw‘s through thickness (comparable with 
fabricated flaw sizes), which is an essential parameter for fracture mechanics to assess the 
structural integrity of the component. 

We can say that PAUT and TOFD are more reliable NDT techniques compared to 
conventional UT& RT. 
 
3.0 CONCLUSION: PAUT and TOFD techniques are able to detect flaws which are not 
normally observable with radiographic testing. PAUT and TOFD techniques guarantee that 
the examinations are reliable and complete in terms of coverage of the zone to be inspected. 
They also illustrate the overall quality of welds in a compact and rational form. Reviewing 
the multitude of PAUT&TOFD images and comparing it with A-scan presentation from a 
pulse echo technique and radiographic images, it appears that the PAUT&TOFD images give 
more details for accurate interpretation and analysis of the flaws.PAUT&TOFD have high 
sensitivity to flaws which are planar, vertical or oriented at any position. These flaws are not 
detectable by radiography and are difficult to be detected by conventional ultrasonic pulse 
echo technique.  
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