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CONVENTIONAL WAY TO INSPECT WELDS 
 
The conventional welds inspections using the ultrasonic method are performed since many years 
ago and are based on the analysis of the energy/acoustic pressure reflected in a discontinuity. 
This is affected by many factors, such as depth, size, location, morphology, etc, and so there are 
a difficulty to accuracy establish the discontinuity which has produced the signal to be analysed. 
The obtained final result depends, unfortunately, on the inspector skills, that is, it depends on a 
human factor. To minimize this dependence, are needed  wide experience and training on the 
method and techniques to be used. 
The difficulty is increased when the discontinuity is perpendiculat to the test surfaces, for 
instance in the case of cracks. Also, when the inspection thickness is  very high, it would be 
necessary to perform the inspection with a great amount of probes with different angles. 
The TOFD (Time Of Flight Diffraction) technique has not a big dependence on the discontinuity 
orientation and, besides, is able to detect the signal diffracted from de discontinuity edges, 
offering, thus, a very accuracy valuation of the discontinuity size (height). Then, later on, future 
predictions about the components safety can be made. 
The Pased Array technique can use, in the same test, a great amount of inspection angles 
avoiding the time needed to perform such inspection with different probes and angles. 
 

DIFFRACTION DEVELOPMENT (TOFD TECHNIQUE) 
 
In the TOFD technique, in general, are used two longitudinal wave angle probes separate and 
one in front of the other at an established distance, acting one as an emitter and the other as a 
receiver, in such a way that the whole material thickness is covered. The first signal received by 
the receiver, after the initial pulse emitted, is the so called lateral wave (subsuperficial 
longitudinal wave), and, in the case of no discontinuity, the second signal received should be the 
bottom echo. 
These two signals correspond to the shorter and the longer paths between the emitter and the 
receiver. In the case of existing a discontinuity, would be received two signals corresponding to 
the diffraction waves coming from the upper and lower discontinuity tips.  
The time difference in the time of flight of the upper and lower diffraction signals allows to 
determine, in a very accurate way, the discontinuity height. 
The TOFD technique is recognizad as the ultrasonic technique more accurate to measure the 
height of plane discontinuities perpendicular to the surface. 
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It is widely used in the nuclear and petrochemical industries to inspect butt welds in big pressure 
vessels and tubings and, often, it is used to provide data on the critical defect size in the 
components integrity evaluations. 
Advantages 

 Rapid inspection.   Detection of all types of discontinuities no matter their orientation.  Very accurate in the size and location depth measurements of the defects (very useful to 
measure cracks depths).  Defects are sized on B-scan or D-scan independently of the signal amplitude. 

Disadvantages 

 Interfered zones (lateral wave and bottom echo).  The discontinuity location with respect the weld center is not known.  The analysis is heavy due to the high number of signals. 

 

PHASED ARRAY DEVELOPMENT 

This technique is a process in which the UT wavefronts, created by constructive waves 
interference, are generated by multiple elements whose emission pulses are controlled by time 
delays.  
The main difference with respect the conventional UT is the wavefronts generation but, from the 
ultrasonic point of view, the sound performance already generated when colliding with the 
discontinuities is the same than in the conventional UT, that is, pulse-echo, with the same 
dependence on the incidence perpendicular to the discontinuity. 
To generate different waves, are used multielements probes, with a transducers number of 16, 
32, 64,… elements, that are individually controlled. 
With  the separate control of every element, their emission can be dephased, in such a way that a 
waves constructive interference is produced in the selected direction and with the additional 
possibility of focalizing the beam. 
On the other hand, the ultrasonic equipment shall have an advanced electronic series, including 
various pulsers, a multiplexor and a very big data processing capacity. 
Other important difference with the conventional ultrasons is the ability of representing the 
results with different views related with the generated type of swepping. 
The use of the different registered views allows the detection to be better than with the 
conventional techniques and the quality level in the final welds is, also, better. 
 

Advantages 

 Rapid inspection.  Better probability of discontinuities detection.  Great capacity for location.  Different results records.  Great versatility of the technique and the application fields. 
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THE TRAINING AND CERTIFICATION NECESSITY 

 As said before, the present both techniques development condition advices that to use them is 
required a specific knowledge of the physical principles, of the equipments and probes, of the 
configurations and adjustments previous to perform them, as well as the skills development to 
carry out the test and, very especially, the adquired signals evaluation.  
To have a good understanding of both techniques is necessary to have the ultrasonics advanced 
knowledges that facilitate the proper development of the specific technical competences in each 
one of them. 
As a guide over such technical competences, several training/certification schemes have been 
developed supported on the general criteria of the existing certification standards. 
Till now, the certification standards do not include the specific requirements nor the topics 
syllabuses, although the present standard ISO/TR 25107 revision is taking into account the 
syllabuses for the two techniques. 
With this intention, the AEND  (Spanish Association fot NDT) has developed a training 
programme and a certification scheme within the possibilities covered by the international 
standard UNE EN ISO 9712:2012. 
The approach was to prepare all didactic means needed to perform successfully the training 
courses and, to do so, it had to be developed:  A student manual.  A book of practices and exercices.  Autoevaluation questions.  Questions on the knowledges adquisition verification.  Selection and adquisition of welds specimens. 

Before starting to prepare all this, it was fundamental to know two important aspects: 

 Which was the state of the art outside Spain.  Which necessities had the Spanish industry. 

After studying these two aspects we could determine that: 

1. The most application of the TOFD technique use was to inspect welds, with the 
possibility of using it in erosion-corrosion analysis. 

2. Regarding the Phased Array technique, we detected that the sectors using the technique 
were wider, in aeronautical material inspections, in cast and forged parts, and, also, in the 
welds inspection. 

3. The training duration should be of about 80 hours (TOFD) and about 120 hours (Phased 
Array). 

4. The student had to have previous knowledge of ultrasonics, in our opinión he/she had to 
have a level 2 certification by a third part certification body. 

5. Are needed informatic tools of calculation and simulation to prepare the inspection 
configuration and the proper interpretation of the adquired signals. 

6. Are needed weld samples and other types specimens in enough number to have different 
types of discontinuities, thicknesses and configurations. 

Training programme 

Once analysed the available bibliography, we prepared the syllabuses shown below as well 
as the practice manual, with about 100 pages, where are proposed different types of activities 
to adquire the skills to get signals in the welds inspection and to evaluate the data files. 

TOFD Syllabus 
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 Introduction to the TOFD technique  Physical principles of the TOFD technique  Equipments for the TOFD technique  TOFD inspection technique  TOFD equipment configuration  Adjustments in the TOFD inspection  Previous conditions to the TOFD test  Records interpretation  Specific applications and complementary inspections 

     Phased array Syllabus 

 Introduction to the phased array technique  Physical principles of the phased array technique  Equipments for the phased array technique  PA inspection technique  PA equipment configuration  Adjustments in the PA inspection  Previous conditions to the PA test  Sp ecific applications of the PA test  Records interpretation and evaluation 
 

Certification 

Following the certification standard UNE EN ISO 9712 and from studies and      questions posed 
to different Spanish enterprises, we realized that the more pressing necessity was the certification 
of level 2 personnel in the welding and metallic materials sectors. In the Phased Array case, also 
in the composites sector. 
Therefore, the AEND started  to work to obtain the accreditation extensión from the ENAC 
(Spanish Accreditation Body) and to include the ultrasonic level 2 certification with the 
application of the TOFD technique in the welding and metallic materials sectors, already 
accredited, and with the application of the PA technique in the welding, metallic materials and 
composites sectors, at present in study by ENAC. 
First of all the AEND review his procedures to include the requirements established for the 
candidates as well as for the examiners. 
Later on, the AEND created the specific examination questions and validated the specimens for 
the practice examinations and the data files with signals obtained previously, because in the 
practice examination the candidate has to interpret and evaluate signals. 
Requirements to obtain the certifícate 
Level 2 UT (conventional)  Training (80 hours TOFD and 120 hours PA)Experience (9 
months)Visual acuity certifícateExaminations: Specific (30 questions both techniques), 
Practice (1 adquisition and the evaluation of 5 records in TOFD); (2 adquisitions per sector and 
the evaluation of 5 records in PA)Level 2 TOFD/PA 
 

Conclusión 

In the AEND, a training programme had been carried out  to qualify personnel in ultrasonic level 
2 by means of the TOFD and Phased Array techniques, having obtained the Olympus recognition 
as Training Academy in the first technique, been under process the second technique. 
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Likewise, the AEND has got the accreditation extensión by ENAC and so the AEND can offer 
the certification in TOFD ultrasonic technique, with wide international recognition. In the case of 
the Phased Array technique the same process is now very advanced. 
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