
BIULETYN INSTYTUTU SPAWALNICTWANo. 3/2017 55

Karol Kaczmarek, Rafał Kaczmarek

Quality Assessment of Welded Joints Using TOFD Technique 
in View of Requirements of Current Standards

Abstract: The article describes the classification and evaluation of TOFD indi-
cations according to PN-EN ISO 10863 and PN-EN ISO 15626 as well as identifies, 
discusses and illustrates numerous examples of typical problems connected with 
the evaluation of indications. Special attention is paid to spatial resolution and 
dead zones as well as their consequences affecting the subsequent evaluation of 
indications occurring at different depths. In addition, the article describes po-
tential methods enabling the verification of unclassified indications requiring 
additional (supplementary) tests.

Keywords: non-destructive testing, ultrasonic testing, weld quality assessment 
weld, TOFD

doi: 10.17729/ebis.2017.3/6 

Introduction
The time of flight diffraction technique (TOFD) 
is one of the most advanced ultrasonic test tech-
niques increasingly popular in the Polish indus-
try [1÷3]. The growing popularity of the TOFD 
technique results from its numerous advantag-
es including the high detectability of flat dis-
continuities, facilitated analysis of test results 
in the graphic form, the possibility of using 
dimensional acceptance criteria, high testing 
rate, the possibility of the full archiving of re-
sults, growing availability and a high cost-ef-
ficiency ratio. The above-presented facts fully 
justify the performance of research work and 
the popularisation of knowledge related to this 
NDT technique [4÷8].

In spite of numerous advantages characteris-
ing the TOFD technique if compared with other 
NDT techniques and methods, the limitations 

of TOFD are also significant and, among oth-
er things, include the limited detectability of 
discontinuities located near the surface of an 
element, the impossibility of estimating the 
height of such discontinuities (often present in 
welded joints as discontinuities of relatively low 
height, point-like discontinuities or elongat-
ed discontinuities with unmeasurable height) 
and difficulty interpreting test results in cases 
of overlapping indications generated by a group 
of discontinuities. The above-presented limi-
tations of the TOFD technique, particularly the 
considerable detectability of small-sized dis-
continuities combined with the limited inter-
pretability of detected indications, may pose 
a significant issue in terms of the assessment 
of obtained test results.  

Another vital issue affecting the final as-
sessment of TOFD test results includes applied 
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acceptance criteria. Presently, TOFD test results 
concerning welded joints are usually assessed 
on the basis of PN-EN ISO 15626 [9]. The above-
named standard has enabled the standardisa-
tion of the assessment of joints using the TOFD 
technique. However, some of the regulations 
of the above-named standard ought to be con-
strued with great care. This remark is particu-
larly important in relation to definitions and 
acceptance criteria provided for point-like in-
dications, usually generated by very small dis-
continuities only slightly affecting mechanical 
properties of joints [6].

Assessment-related difficulties are also en-
countered in cases of indications with unmeas-
urable height, particularly in cases where the 
value of spatial resolution exceeds the accept-
able height of a discontinuity. The standard 
does not precisely specify an assessment man-
ner to be used in the above-named case. In view 
of the above-presented issues concerning the 
assessment of TOFD test results it is justified to 
undertake activities aimed to develop the co-
hesive and pragmatic manner of interpretation 
of related normative regulations.

Interpretation of Indications in TOFD
The interpretation of indications in semiauto-
matic and automatic TOFD tests is based on the 
analysis of disturbance visible in a TOFD image 
and representing changes in acoustic pressure, 
typically demonstrated using grayscale in the 
function of linearisation time (vertical axis) 
and scanner movement (horizontal axis) (Fig. 
1). A generated TOFD image of an optical paral-
lel element contains reference signals for specif-
ic linearisation times, permanently present in 
a scan. The above-named reference signals in-
clude lateral wave signals (beams of a longitudi-
nal wave located in parallel and directly under 
the surface of an element, signals of reflected 
longitudinal waves (bottom echo) and, in cas-
es of longer linearisation times, signals result-
ing from acoustic transformations and surface 
wave signals. However, practically important 

for the interpretation of indications are sig-
nals restricted within the range of linearisation 
time, i.e. time of beam passage from the signal 
of a lateral wave to the signal of the first trans-
formed wave. Any disturbance of reference 
signals, including weakening, breaking or dis-
placement should be subjected to interpretation 
as a potential discontinuity indication. Figure 
1 presents a TOFD image of a welded joint con-
taining indications generated by large disconti-
nuities, where discontinuity 1 is responsible for 
the breaking of a lateral wave and discontinui-
ties 2 and 3 are responsible for the breaking of 
a wave reflected against the bottom.  

Other signals constituting the basis for the 
interpretation of TOFD images include addi-
tional signals appearing in areas of indication 
occurrence. Particular cases of such signals are 
diffraction signals of the upper and lower peak 
of discontinuities (Fig. 1, indication 4), consti-
tuting the basis for the sizing of the height of 
internal indications in the TOFD technique.

Unfortunately, not in each case indications 
are easy to interpret, size and assess. The first 
type of indications precluding the identifica-
tion of discontinuity dimensions are point-
like indications which may be generated by, e.g. 
pores, short slag-containing segments or small 

Fig. 1. TOFD image containing indications of scanning 
surface-breaking discontinuities (1) and opposite sur-

face-breaking discontinuities (2 and 3) and the imbedded 
discontinuity (4)
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incomplete fusions caused by the carelessly per-
formed cleaning of a joint before making a sub-
sequent run. If dimensions of a discontinuity 
are sufficiently small, both in the direction of 
its length and height, such a discontinuity gen-
erates a point-like indication as a single diffrac-
tion arc. The formation of a diffraction arc is 
connected with the significant divergence of 
the acoustic beam. As a result, the dimensions 
of a diffraction arc in a TOFD image may differ 
from the actual dimensions of an imperfection 
(discontinuity). Previously performed research 
has led to a conclusion that point-like indica-
tions may be generated by very small discon-
tinuities (height below 0.2 mm) [6]. Figure 2 
presents an exemplary TOFD scan containing 
a significant number of point-like indications.

The theoretical boundary height of a discon-
tinuity, below which it is not possible to per-
form the sizing of indication height is referred 
to as spatial resolution and can be calculated us-
ing a formula contained in PN-EN ISO 16828 [10]. 
Figure 3 presents spatial resolution calculation 
results related to selected TOFD test configura-
tions. The most favourable spatial resolution, i.e. 
providing the possibility of measuring heights 
of small discontinuities, can be found near the 
surface opposite to the scanning surface. For 
this reason, spatial resolution depends on the 
deposition depth of a discontinuity in a given 
element. An increase in frequency and the re-
lated reduction of ultrasonic impulse duration 
also enables the sizing of lower discontinuities. 

If the height of a discontinuity is lower than 
the spatial resolution at the deposition depth 
of the discontinuity, diffraction signals of the 
upper and lower edge are not separated but 
overlap. In such a case, it is not possible to un-
equivocally determine the height of such an 
indication. The aforesaid phenomenon inten-
sifies along with increasingly shallow deposi-
tion depth of a discontinuity.  

In addition to height, another size-related 
parameter is the length of an indication. It is 
deemed, in accordance with PN-EN ISO 16828, 
that the length of an indication in the TOFD 
technique is representative of discontinuities 
related to indications not shorter than 1.5 of 
the transducer diameter. Attempt sizing of dis-
continuities based on shorter indications may 
lead to the obtainment of an indication length 
significantly longer than the actual length of 
a related discontinuity. As a result, it could be 
concluded that longer indications should be 
subjected to sizing and, consequently, should 
not be classified as point-like indications. Tak-
ing into consideration the fact that commonly 
used transducers have diameters of 3 mm and 
6 mm, it can be stated that point-like indica-
tions are those, the measured length of which 
does not exceed 5 and 10 mm respectively.  

Other indications precluding the per-
formance of complete sizing are elongated 

Fig. 2. Example of a TOFD image with a large number 
of indications in the form of locally overlapping 

diffraction arcs 

Fig. 3. Spatial resolution calculated in accordance 
with the methodology provided in PN-EN ISO 16828 

in relation to a 10 mm thick test joint and a transducer 
frequency of 5, 10 and 15 MHz

S
pa

tia
l r

es
ol

ut
io

n,
 m

m

Depth, mm

http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/


No. 3/201758 BIULETYN INSTYTUTU SPAWALNICTWA

indications with unmeasurable height. Such 
indications are generated by discontinuities 
significantly longer than those responsible for 
the generation of point-like indications, e.g. 
discontinuities located in parallel to the sur-
face of a joint being tested (e.g.. laminar im-
perfections, incomplete fusion between runs), 
where the major content of an ultrasonic sig-
nal is constituted by the reflection of an ultra-
sonic beam. Indications with unmeasurable 
height can also be generated by discontinuities 
of other orientation but having the height low-
er than the value of spatial resolution at a giv-
en depth. In such cases, the significant content 
of the signal is constituted by diffraction ech-
oes. Indications generated by the reflection of 
an ultrasonic beam are usually characterised 
by significantly higher amplitude than those 
generated through diffraction.

Figure 4 presents the result of the TOFD test 
of a 12 mm thick joint in relation to scanning 
performed from the weld face side (a) and from 
the weld root side (b). The test performed from 
the weld face side revealed elongated indica-
tions with unmeasurable height located direct-
ly under the lateral wave, where the signal of 
the above-named indications overlapped part-
ly with that of the lateral wave (Fig. 4a, A-scan). 

The area was characterised by unfavourable spa-
tial resolution, where even relatively high dis-
continuities could not be sized. Such a situation 
poses a serious issue when assessing the qual-
ity of joints on the basis of TOFD test results as 

the allowed height of the above-named indica-
tions amounts to 1 mm in relation to acceptance 
level 1, whereas the value of the lowest height 
of a discontinuity sizeable at such a depth was 
significantly higher. This means that the indi-
cation might have originated both from an ac-
ceptable discontinuity having a height below 
1 mm and from an unacceptable discontinuity 
of greater height. It was not possible to identi-
fy the height on the basis of a single TOFD im-
age. In the above-presented case, the additional 
assessment of the joint based on the results of 
the test performed from the weld root side en-
abled the unequivocal verification of the indi-
cations which were then present in the area of 
significantly more favourable spatial resolution, 
outside the area of dead zones. This, in turn, en-
abled the estimation of the maximum disconti-
nuity height as lower than the spatial resolution 
at that depth. As regards the interpretation of 
indications, also the form of the signal on the 
A-scan, not revealing the overlapping of signals 
of the upper and lower edge of the discontinu-
ity, was important. The width of the scan was 
close to that of the lateral wave.

The overlapping of two or more indications 
usually precludes the analysis of signals and, 
consequently, the sizing of a given indication 
so that obtained results could be representative 
of all discontinuities making up such an indi-
cation. The aforesaid situation results from the 
fact that the presence of many discontinuities 
on the same cross-section of a joint leads to the 
interference of signals originating from these 
discontinuities. As a result, the evaluation of 
the dimensions of such an indication based on 
the total size of the indication in a TOFD image 
might lead to a significant error consisting in 
the oversizing of a discontinuity. It should be 
noted that, in the TOFD technique, discontinu-
ities having very small dimensions provide in-
dications having amplitude comparable with 
signals generated by discontinuities having 
large dimensions. This means that in the case 
of the lack of separation between indications, 

Fig. 4. Results of TOFD tests of 12 mm thick welded joints 
scanned from the weld face (a) and root (b) side with 

elongated indications with unmeasurable height 
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interpretation possibilities are limited to the 
identification of a joint segment and, possibly, 
to the determination of the depth range where 
detected discontinuities are present, yet the 
identification of the significance and dimen-
sions of such discontinuities is practically im-
possible. Figure 5 presents a TOFD image with 
a marked fragment containing several indica-
tions, the interpretation of which was problem-
atic. The analysis of the A-scan did not enable 
the separation of diffraction signals from the 
edge of discontinuities. For this reason, the pre-
sented indication should have been assessed 
in the TOFD technique as unclassified and sub-
jected to verification. In the above-presented 
case, because of available results of tests per-
formed using the complementary Phased Array 
technique, it was possible to perform the veri-
fication of indications as generated by three dis-
continuities having the form of incomplete side 
fusions numbered 1, 2 and 3 and situated on the 
walls of the weld groove. The presented results 
of the TOFD test performed using non-parallel 
scanning (i.e. with the scanner moving along 
the weld) only made it possible to detect indi-
cations generated by discontinuities, yet it did 
not enable the unequivocal assessment of their 
nature and dimensions.  

In cases of independent indications, the up-
per edge of which is located relatively shallow 
under the test surface, the diffraction signal of 
the upper edge of a discontinuity may overlap 

with the signal of a lateral wave. Figure 6 pre-
sents the result of the PA+TOFD test, where the 
diffraction signal of the upper discontinuity 
edge is completely covered. This fact could lead 
to the wrong classification of the indication 
as elongated and having unmeasurable length. 
The fact that the indication of the lower diffrac-
tion is accompanied by the signal of the upper 
peak is only demonstrated by the fragments of 
the diffraction arc visible at the beginning and 
end of the indication. The Phased Array tech-
nique-based tests revealed that the indication 
was generated by an incomplete side fusion 
located at the half of the joint thickness. The 
above example shows that an unfavourable po-
sition of a signal in a TOFD image may signifi-
cantly impede the precise measurement of the 
height of an indication and result in its improp-
er classification.  

In cases of discontinuities having lower 
heights, an indication may be entirely cov-
ered by a lateral wave (Fig. 4). As a result, it is 
problematic or even impossible to measure the 
height of an indication and, in extreme cases, 
to detect it. In such situations, an algorithm 
enabling the removal of a lateral wave may be-
come particularly useful. Once implemented 
in a related software programme, the above-
named algorithm makes it possible to uncover 
a diffraction signal covered by a lateral wave. It 
is also very useful to perform a supplementa-
ry test from the opposite surface (Fig. 7b). The 
aforesaid solution enables the obtainment of 

Fig. 5. Result of the simultaneous PA + TOFD test con-
taining indications of numerous discontinuities in the 

TOFD image and their verification performed using the 
Phased Array technique 

Fig. 6. Result of the PA+TOFD test of a 16 mm thick 
welded joint with the upper diffraction signal covered by 

the lateral wave
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the signal of the upper and lower diffraction of 
indication 1 and, consequently, makes it possi-
ble to perform the measurement of its depth 
and height.  

The boundary deposition depth of a diffrac-
tion source, the exceeding of which causes the 
disconnection of the signal or its coverage with 
a lateral wave is referred to as a dead zone of 
test surface Dds [10].

A similar phenomenon occurs on the oppo-
site side (bottom), where there is the signal of 
a reflected wave impeding the detection, inter-
pretation and sizing of indications. Because of 
more favourable resolution at lower test depths, 
the dead zone is significantly smaller, which, in 
turn, enables the detection and evaluation of in-
dications generated by discontinuities reaching 
the opposite surface and having significantly 
smaller dimensions than those of test surface 
discontinuities. Formulas identifying the size 
of the dead zone of test surface Dds and of op-
posite surface Ddw are provided in PN-EN ISO 
16826 [10].

In cases of shallow discontinuities of the 
scanning surface, the value of the shift of a lat-
eral wave towards longer linearization (down-
ward deviation in a TOFD image) will be low, 
which, in turn, will significantly reduce the siz-
ing accuracy in relation to such discontinuities 
(Fig. 7a, indication 2). Because of the more fa-
vourable value of spatial resolution at a given 
depth, the performance of an additional test 
from the opposite surface enables the more 

precise determination of the height of indica-
tion 2 (Fig. 7b). In some situations, particularly 
in cases of the corrugated surface of a test joint, 
resulting in significant changes in the thick-
ness of the couplant layer, the detection of the 
aforesaid type of discontinuity may become ex-
tremely difficult.

PN-EN ISO 15626-Based Assessment 
of Welded Joint Quality 
Requirements concerning the quality of weld-
ed joints are usually specified by providing a re-
quired joint quality level in accordance with 
PN-EN ISO 5817. Based on correlations contained 
in PN-EN ISO 17635, it is possible to specify a test 
level and an acceptance level in the TOFD tech-
nique corresponding to a required joint qual-
ity level. In order to acknowledge that a given 
welded joint represents a specific quality level 
(Table 1), the aforesaid test and acceptance lev-
els in the TOFD technique must be satisfied. By 
contrast with quality levels applied as a univer-
sal manner enabling the determination of re-
quired welded joint quality, the above-named 
test and acceptance levels are concerned with 
selected testing methods or techniques.  
 – Test levels – specify requirements concerned 
with the performance of TOFD tests, in par-
ticular requirements regarding the use of ref-
erence specimens, methods confirming the 
correctness of applied equipment settings and 
detectability as well as requirements concern-
ing the use of test procedures.

 – Acceptance levels – specify maximum al-
lowed dimensions of indications generated by 
discontinuities and detected using the TOFD 
technique.  

According to PN-EN ISO 15626, acceptance cri-
teria for indications depend on their classifi-
cation (Table 2), which, in turn,  requires the 
determination whether a given indication has 
been generated by an embedded discontinui-
ty or by a surface-breaking discontinuity. In-
dications longer than boundary length lmax, 
regardless of whether classified as embedded or 

Fig. 7. TOFD image of the joint shown in Figure 6 sup-
plemented by results obtained in an additional TOFD test 

obtained by scanning from the root side of the joint (b)
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surface-breaking, are acceptable up to bound-
ary height h₁. In cases of indications shorter 
than lmax, allowed heights (h₂, h₃) are depend-
ent on types of indications (embedded or 
surface-breaking). 

Following the performance of an interpreta-
tion, the first stage of joint assessment includes 
the evaluation of individual indications based on 
their dimensions. Stand-
ard PN-EN ISO 15626 pro-
vides for the application 
of such a type of assess-
ment in relation to indica-
tions previously classified 
in accordance with PN-EN 
ISO 10863. Obviously, only 
measureable indications 
can be subjected to direct 
assessment based on re-
quirements presented in 
Table 2.

It should be noted that it is not always pos-
sible to unequivocally identify types of indica-
tions. In such cases, the standard requires the 
adoption of the worst-case scenario until the 
verification of results through the performance 
of additional scans or tests using another tech-
nique or method. Actually, indications specified 
as unclassified should not be assessed on the ba-
sis of TOFD test results. Until the performance 
of verification tests, such indications should be 
regarded as unacceptable (in accordance with 
the principle of the worst-case scenario) and 
the final decision related to the acceptance of 
indications should be taken on the basis of ver-
ification test results.  

It should be also noted that the standard does 
not specify unequivocally the manner in which 
indications with unmeasurable height should 
be assessed. The only hint is the general condi-
tion of the “worst-case scenario”. By default, the 
standard leaves an acceptance or rejection-re-
lated decision to a testing person or a person 
developing the procedure of a test. Such an ap-
proach opens a way to various interpretations 

in this area. Unlike ISO standards, the Ameri-
can ASME code unequivocally clarifies that in 
cases of indications with unmeasurable height 
the value of spatial resolution at a given depth 
should be adopted as the height of an indica-
tion. Such an interpretation is also fully con-
sistent with the condition of the “worst-case 
scenario” contained in ISO standards.  

In cases of higher test levels (C and D), 
where a test procedure is required, it is good 
practice to clarify indication acceptance cri-
teria in the procedure on the basis of the cal-
culated or experimentally determined value of 
spatial resolution at a given depth. An alter-
native solution may involve introducing a re-
quirement of performing supplementary tests 
aimed to verify all problematic indications. It 
should be noted that a similar regulation is 
contained in the oldest standard concerning 
the TOFD technique, i.e. already withdrawn 
British standard BS 7706. The aforesaid stand-
ard recommends that all of the joint segments 
containing detected (also acceptable) indica-
tions be subjected to conventional ultrasonic 
echo-method based tests. 

Table 1. Correlation between quality levels, testing levels 
and acceptance levels in the TOFD technique according 

to PN-EN ISO 17635

Quality level 
according to 

ISO 5817

Test level 
according to 
ISO 10863

Acceptance level 
according to 
ISO 15626

B C 1
C at least B 2
D at least A 3

Table 2. Acceptance criteria concerning indications related to acceptance level 1 
according to PN-EN ISO 15626

Thickness range

Maximum 
acceptable 

length
if l ≤ lmax

lmax, mm

Maximum acceptable height
Maximum 
acceptable 

height
h₁, mm

Indications of 
surface-breaking 

discontinuity
h₃, mm

Indications 
of embedded 
discontinuity

h₂, mm
6 < t ≤ 15 mm 0.75 t 1.5 2 1

15 < t ≤ 50 mm 0.75 t 2 3 1
50 < t ≤ 100 mm 40 mm 2.5 4 2

t > 100 mm 50 mm 3 5 2
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In cases of tests performed in accordance 
with PN-EN ISO 10863 on lower test levels (A 
and B), when the use of the procedure is not 
required, the adoption of simplified assess-
ment seems a right solution. It could be worth 
considering a rule that indications located at 
a depth amounting to less than the half of the 
joint thickness require additional verification 
tests and should be regarded unacceptable un-
til proven acceptable. In such situations, a de-
cision of acceptance, if any, could be taken on 
the basis of TOFD tests performed from the op-
posite surface, or if the performance of such 
tests is impossible, on the basis of supplemen-
tary tests involving the use of other techniques. 
During tests performed using parameters con-
sistent with the recommendations specified in 
PN-EN ISO 10863, in cases of unmeasurable in-
dications located at the half of the joint depth 
or deeper, where spatial resolution has demon-
strates favourable values, unmeasurable indica-
tions could be approved as acceptable without 
additional verification tests. Such an approach 
carries a slight risk of accepting indications of 
discontinuities slightly exceeding acceptable 
dimensions. It should be noted that in cases of 
test parameters different to those recommend-
ed by PN-EN ISO 10863, in particular as regards 
lower test frequencies, the above-named sim-
plification should not be applied because spa-
tial resolution could adopt significantly higher 
values, as can be easily noticed when analysing 
the above-presented diagrams (Fig. 3). Such 
a situation could lead to the approval of indi-
cations generated by discontinuities of signif-
icant height. In practice, it is possible to size 
indications generated by discontinuities hav-
ing a height slightly lower than that resulting 
from resolution indications. This, hoverer, en-
tails the possibility of making greater errors and 
oversizing indications.

Regardless of the assessment of individual 
indications, the standard provides two addi-
tional joint quality assessment criteria, i.e. the 
assessment of the total length of indications on 

a reference segment and the assessment of the 
number of point-like indications. The stand-
ard specifies unequivocally that the assessment 
of the total length of indications does not take 
into consideration point-like indications. By 
default, all the other types of indications, in-
cluding height-related unmeasurable indica-
tions, both acceptable and unclassified, should 
be taken into consideration. It should be noted 
that the latter cannot be in themselves classified 
as acceptable without the performance of relat-
ed analysis or verification tests. From the prac-
tical point of view, in accordance with PN-EN 
ISO 10863, a joint containing a significant num-
ber of unmeasurable indications, regardless of 
the assessment of the acceptability of individ-
ual indications, will not be approved because 
of the total length of indications on a reference 
segment. The length of the reference segment 
amounts to 12 t, where t stands for the thick-
ness of a joint. In the case of acceptance level 
1, the sum of lengths of  individual indications 
on the reference segment cannot exceed 3.5 t 
(max. 150 mm) [9].  

According to PN-EN ISO 15626, the final as-
sessment stage involves the evaluation of point-
like indications, the number of which along 
a 150 mm long joint fragment, regardless of an 
acceptance level, cannot exceed 1.2 t /mm. For 
instance, in relation to a joint having thick-
ness t=10 mm, the acceptable number of point-
like indications on a 150 mm long segment 
amounts to 12. The above-named standard de-
fines a point-like indication as a “single diffrac-
tion arc”. According to the authors’ experience 
and tests, the above-defined indications often 
originate from discontinuities characterised by 
a short length and a height significantly below 
1 mm [6]. In many cases, indications of such 
small dimensions might not be confirmed by 
alternative non-destructive methods. In prac-
tice, the above-named requirement may sig-
nificantly tighten the quality control of welded 
joints in relation to small-sized discontinui-
ties, which, in turn, could lead to the rejection 

http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/


BIULETYN INSTYTUTU SPAWALNICTWANo. 3/2017 63

of a significant number of joints which other-
wise would be accepted. The excessive tighten-
ing of acceptance criteria can be prevented by 
performing verification tests using other test-
ing methods. However, the above-named strict-
ness is, undoubtedly, an important advantage 
of the highly sensitive TOFD technique as it en-
ables the detection, elimination and preven-
tion of the formation of small discontinuities, 
e.g. incomplete fusions having dimensions be-
ing of tenths of a millimetre, often present in 
MAG welded joints between successive runs of 
welds [6].  

Summary and Concluding Remarks
The TOFD method enables the performance of 
efficient and fully substantiated tests making 
it possible to assess the quality of butt welded 
joints and constitutes one of the most effective 
volumetric NDT techniques. The high detecta-
bility of flat discontinuities makes this method 
particularly useful when inspecting the most 
critically important joints. However, after de-
tecting indications using the TOFD technique, 
particularly those originating from welding dis-
continuities formed when making a joint, it is 
not always possible to easily classify and as-
sess such joints and, consequently, to identi-
fy the actual effect of detected discontinuities 
on the strength of a joint. The greater num-
ber of indications in a TOFD image, the more 
problematic their assessment. Examples of the 
above-named indications are presented and de-
scribed in the article. For the reasons enumer-
ated above, it seems that the optimum solution 
should combine the TOFD tests and the Phased 
Array technique or the performance of tests us-
ing another NDT technique or method involving 
weld fragments containing problematic TOFD 
indications. In addition to the facilitated inter-
pretation of problematic TOFD indications, the 
simultaneous use of the PA+TOFD tests signifi-
cantly increases the detectability of discontinu-
ities located near the surface. The first solution, 
i.e. the simultaneous use of the PA+TOFD tests 

is recommended in cases where the scope of 
tests amounts to 100% and the detection of all 
discontinuities is expected, i.e. when testing 
the most critically important joints. In cases 
of other joints, the use of the TOFD tests seems 
sufficient. In cases of interpretation-related dif-
ficulties, the performance of supplementary 
tests is recommended.  
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