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- rigid mechanical coupling
of transmitter and receiver

- no scanning, movement only along the weld

- preferably longitudinal waves

- wide angles of divergence required

- received signals of low amplitude _ _
diffraction of the

ultrasonic wave at
the edges of a defect
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Existing codes / recommendations / standards on TOFD The Cremical Campany
Europe
B BS 7706 (national) December 1993

Guide to calibration and setting-up of the ultrasonic TOFD-technique
for the detection, location and sizing of flaws

B ENV 583-6 (European pre-standard) January 1997
TOFD as a method for defect detection and sizing
B CEN/TS 14751 (CEN Technical specification) November 2004
Welding — Use of TOFD for examination of welds
Other
B ASME Code Case 2235 since 1998, at present: 2235-9 from Oct. 2005

Use of ultrasonic examination in lieu of radiography
(see also interpretation VIII-1-98-41)

B ASTM E 2373-04 July 2004
Standard practice for the ultrasonic TOFD-technique

B 2006 ASME Code, Section V. 2006
Article 4, Mandatory Appendix Ill, Non-mandatory Appendix L and N
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Implementation of TOFD-prestandard into European _ __
NDT-weld-testing system created by CEN/TC 121/SC 5 O -BASF

The Cremical Company

nstraints / Explanation
EN IS0 5817 - fusion welded joints Constraints / planations

< inspections within the EU
B Main standard EN 12062 has to
EN 12062 — NDE of welds be reviewed:
ﬁ af“‘,r ® EN 25817 - EN ISO 5817
: 3 . . ® TOFD to be implemented
basic standard | weld examina- acceptance
tion standard levels B ENV 583-6 from 1997
acts as a basic standard
RT EN 444 EN 1435 EN 12517 .
B Weld testing standard
uT EN 583-1 EN 1714 EN 1712 CEN/TS 14751 completed
MT | ENISO5934-1 | EN 1290 En 1791 | ™ Technical Specification (TS)
means: ,state-of-the-art is not
PT ENE&T1-1 ER&T1-1 Bl 1285 yet Stable enough“
VT EM 13018 EMN 370 En 1505817 | @ EN-standard for acceptance

levels in progress

TOFD ERY 583-B CEMNTS 14751 in progress
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European Working Group The Chemical Company

B CEN/TC 121/SC 5B/WG 2 resolution
from October 1999

B Formation of a working-group
Hecht (chairman) D BASF

Chardome B AIB Vincotte

Chauveau F Institute de Soudure (IS)

Hughes GB Health & Safety Executive (HSE)
Kenzie GB The Welding Institute (TWI)
Pers-Anderson S Westinghouse TRC

Rasmussen DK FORCE

Schlengermann D GE Inspection
Vandriessche B AIB Vincotte
Verkooijen NL Sonovation
Walaszek F  CETIM

B 9 meetings from August 2000
up to October 2002
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European Frontpage

TECHNICAL SPECIFICATION CEN/TS 14751
SPECIFICATION TECHNIQUE

TECHNISCHE SPEZIFIKATION November 2004

ICS 25160 40

English version

Welding - Use of time-of-flight diffraction technique (TOFD) for
examination of welds

Soudage - Utilisation de 3 technigue de difffaction des Schweilvarbindunoen: - Anwendueng der
ternps desvel (mathods TOFD pour = contrdle des Beugungslaaizeitechnik ( TOFD) fir gk Prafung ven
sodures Schweilverbindunaen

Thizs Technical Specification (CENITS) was approved by CEM on 11 Juiy 2004 for provigional agpication.

i5 fimited mifigdly to fhres vesrs Afler bwo years the membears of CEN will be requested 1o sulymit their
comiments, parhr:ulﬂrlym tre que.!.t.rnn whether the CEMTS can be converted into a Eumpean Standard.

CEN members ars reguirsd to announce the existence of this CENTS in the same way as for an EN and to make the CENTS availabls
oromipthy at natonal level in an approprate form B is permissible to keep confiicting nationa’ standards in foree (I parallel to the CENTSE
uniil the fing’ decision about the posaible converzion of the CEMTS into an ER s resched.

CEN members are the national siandards bodies of Austra, Belgium, Cyprus, Czech Republic, Cenmark, Eatonia, Finland, France,

Cemmany, Grescs, Hungarny, lcatand, reland, kaly, Latvia, Lithuania, Lusemibourg, Malta, Metheriands, Monway, Poland, Porugal, Siovakia,
Slovenia, Span, Swedsn, Switzeriand and United Kingdom.
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1 Scope

This document specifies the application of the time-of-flight diffracton {TOFD) technique for the semi-, or fully-
automated ultrasonic testing of fusion weldad joints in metallic maternials equal to and above & mm thickness.
It 1= primarily intended for use on tull penefration weided joints of simple geometry 0 plates, pipes, and
vessels, where both the weld and parent matenal are Jow alloyed carbon sieel. Where spechied and
appropriate, [OFD may also be used on other types of matenals that exhibit fow ultrasonic attenuation
(especially that due to scatter).

Where matenal dependent ultrasomic parameters are specified in this document, they are based on steels

having a sound velocity of (55920 + 50 mifs for longitudinal waves, and (3255 £ 30) mis for transverse waves.
This has to be taken into account when examining materials with a different veloeity.

This document makes reference to the basic pre-standard ENV 583-6 and provides guidance onthe specific
capabilities and hmitations of TOFD for the detection, location, sizing and characterisation of discontinuities in

fusion welded joints. TOFD may be used as 2 stand-alone method or in combinaton with other NDT metheds
or techniques, both for manufacturing inspection (pre-service) and for in-service inspection

This document specifies four examination levels (A, B, C, D) coresponding to an increasing level of
inspection reliabiny, Guidance on the selection of examination levels 1s provided.

This document permits assessment of indications for acceptance purposes. This assessmeant is based on the
evaluation of transmitted, reflected and diffracted ultrasonic signals within a generated TOFD image

This document does not include acceptance levels for discontinuities.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 12
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Capabilities and Limitations e T,

4 General remarks on the capabilities of the technique

General principles of the TOFD-technique are described in ENV 583-6. For the testing of fusion welded joints
same specific capabilites ahd limitations of the technique have to be considered.

The TOFD technique is an ultrasonic image-generating technique, which offers the capability of detection,
loeation and sizing. To a certain extent charactensation of discontinuities in the weld materal as well as in the
adjacent parent matenial is also possible:

Compared with purely reflection-based techniques, the TOFD technique, which is based upon diffraction as
well as reflection, 1= less sensitive to the crientation of the discontinuity. Discentinuities cnented perpendicular

to the surface, and at intermediate angles of tilt. are detectakle as well as discontinuities in the weld fusion
faces.

There = a reduced capability for the detection of discontimuities close to or connected with the scanning
surface or with the opposite surface This has to be considered especially for crack-sensitive steels or at in-
service Inspections. In cases where full coverage of these zones is required, additional measures shall be
taken. By example, TOFD can be accompanied by other NDT-methods or -techniques, eg. conventional
pulse-echo testing, see EN 1714,

Diffracted signals from weld-discontinuities have small amplitudes comparable to grain-scatter signals from
coarse-grained maternals which may hinder the detection and evaluation of discontinuities.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 13
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Limited capability of detection at surfaces T el Cempny

- Dead zone at scanning-surface, caused by pulse-length
- Zone of limited sensitivity at opposite-surface, caused by interference between tip-diffraction
and backwall; depends of wave-length and pulse-length

. | ] I I _ *"”mm
Comparison pulse-echo / TOFD = _ oy ! e o
acc. to Schmitz and Muller B s |- P ETT P I - 8
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Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 14



Prestandard CEN/TS 14751 Verbund Site.

The Chemical Company

5 Examination levels

This document specifies four examination levels (A, B, C and D). From examination level A to examination
level C anincreasing reliability will be achieved

Table 1 — Examination levels

examination | TOFD set-up | reference block for | reference block for | offset-scan Written
level set-up verification | sensitivity settings test
(see 8.2) (see 10.1.4) instruction
A acc. to Tabie £ Mo Mo na this TS
B acc, to Table 2 Mo Yes no this TS
c acc. to Table Z VES Yas a yes
D as specifiec VES Yes a Ves
A ‘the pecessity, numher of and position of offsst scans [as 10 be deteminsd

For pre-service inspections (sse also EN 12062) ail examination levels arg appiicable. Level A is only
applicable for wall-thickness up to 50 mm. For in-seryice mspections only examination level D shall be apphed.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 15
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proposed table for EN 12062 - revision S SIS

B Proposal made by German experts of CEN/TC 121/SC 5B/WG 2 (UT)

B Has to be accepted by CEN/TC 121/SC 5B (NDT of welds)
and CEN/TC 121 (Welding)

Table A7: time-of-flight diffraction technique (TOFD)
Cluality class according Examination level according Acceptance level according to
to EM 150 5817 to CEM/TS 14751 EM wxo (actually doc. N3TT)
B C 1
£ B o
D A 3

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 16
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8.2 Set-up of Probes E;mmfw

Table 2 — Recommended TOFD set-ups for simple butt-welds dependent on wall-thickness

Thickness M".II_-'E]bI':E[; cf Depth-range frE;::E:l;y EEE:: ;aungie Element — Beam
r 1 mm setups Arl mm 71 MHz (ot Swaves) size [ mm intersection

6-10 1 O-¢ 15 70 2-3 23 oft
10-15 1 O-r | 5-10 70 2-3 23 oft
15-35 1 O-¢ 10-5 T0-80 2-6 213 of ¢
25-50 1 O-¢ 5-3 T0-80 36 213 of ¢
50-100 2 0-#2 5-3 F0-60 3-6 12 of ¢
H2-t 5-3 G0-45 5-12 516 of £;

ortfor ar< 457
100-200 3 0-#3 5-3 TO-&0 3-b 29 of r
#3-243 5-3 G0-45 5-12 59 ofr

237 5-2 BO-45 -2 g% of r; or s for
< 457
200-300 4 O-rf4 5-3 T0-60 3-6 W12 of r
tid-rl2 5-3 B0-45 6-12 5/12 of ¢
t2-3tf4 52 BO0-45 6-20 812 of r

3id-r 321 5o-40 |0-20 1M 12 af s or e

for o= 45°

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 17
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12 Interpretation and analysis of TOFD images

similar to

12.1 General RT - film interpretation

Interpretation and analysis of TOFD images is generally performed as follows:

Assessing the quality of the TOFD-image;

|dentification of relevant indications and discrimination of non-refevant indications:
Classfication of relevant indications in terms of:

—  embedded (linear; point-like},

— surface breaking;

Determinaticn of location (typically position in x- and z-direction) and size (length and through-wall extent);

Evaluation against acceptance criteria.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 18
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12.2 Assessing the quality of the TOFD image

A TOFD-testing has to be carried out such that satisfactory images are generated which can be evaluated
with confidence. Satisfactory images are defined by appropriate:

— coupling, see 8.7 and Clause 11;
— data acquisition, see Clause 11;
— sensitivity setting, see 10.1.4;
— time-hase sefting, see 10.1.2.

Assessing the quality of TOFD-images requires skilled and expensenced operators, see 7.1, The cperator has
o decide whether non-satisiactory images require new data acguisition (rescanning).

Examples of non-satisfactory Images ars given in Annex B:1.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 19
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What is a relevant TOFD-indication ? T et Campany

12.3 ldentification of relevant indications

Satisfactory TOFD images shall be assessed for the presence of indications. Indications are identified by
patterns or disturbances within the iImage.

TOFD 15 able to image discontinuties in the weld as wall as geometric features of the test object. In order to
ientify indications of geometric features, detailed knowledge of the test obiect is necessary. Those indications
arising from the intended or actual shape of the test object are considered as non-relevant. Examples of
geometric indications are given in Annex B 3.

To decide whether an indication s relevant (caused by a discontinuity), patterns or disturbances have to be
evaluated considering shape and signal ampitude relative to general noise level. The extent of an indication
may need to take account of grey level values or patierns of neighbounng sections.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 20
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12.4 Classification of relavant indications

12.4.1 General

Amphtude, phase, location and pattem of relevant indications may contain information on the type of
discontinuity.

Relevant indications are classified either as indications from surface-breaking or embedded discontinuities by
analysing the foliowing features:

a) disturbance of the lateral wave;

by disturbance of the backwall reflection;

¢} indications between lateral wave and backwall reflection;

d} phase of indications between lateral wave and backwal reflection;
g} mode converted signals after the first backwall refiection.

Some typical TOFD-images of discontinuities in fusion welded joints are provided in Annex B.2.

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 21
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Annex B1: Satisfactory Image T Shelist Comom

B.1 Satisfactory and unsatisfactory TOFD-images

lateral wave

- mode j:unverted
signal(s)
_—-—-——d Figure B.1 — Satisfactory TOFD-image dmpiﬂfi‘ng
- undisturbed lateral wave (amplitude between 40 % and 80 % FSH)
E - four indications of notches in different depths
~ straight backwall reflection
—- maode converted signals from notches and backwall

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 22
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Annex B1: Gain Setting too low T el o

lateral wave

backwall reflection

Figure B.2 — Gain setting too low _
Amplitude of lateral wave << 40 % F3H

Andreas Hecht, BASF AG ECNDT-Berlin, Sept. 2006, We.2.7.2 23
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Annex B1: Gain Setting too High The Chemical Carpany

from CEN/TS 14751

\ o tme LYY
4 Aa i .
L‘. b (™ '.: \“A} \

Figure B.3 — Gain setting too high
Amplitude of lateral wave »>= B0 % F5H (saturated)
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Annex B1: Coupling Losses The Chwrisal Gampary

lateral wave

modegonvertad

e e

m —

N e S—
-—---______-‘_.

Figure B.7 — Loss of signals due to lack of couplant
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Unsatisfactory Image from On-Site-Inspection (not included) The Chemical Compary

gain-setting slightly to high
coupling losses
electronic trigger-problems

result:
,no relevant indications*
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Annex B2: Indication from Opposite Surface T Shelist Comom

Figure B.10 — Elongated indication of an opposite surface breaking discontinuity
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Annex B3: Indication with measurable length and height 70 Chmlidt e

Figure B,14 — Indication of an elongated discontinuity with measurable height
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lateral wave

" o L T
. - ‘“n_,
B -4-,“*---1-.141*:;'1::'&:::_: r T Wi By Bl

[

mode converted signals

o _———

i "‘ﬂ 'ﬁ' s P T e -ﬂm‘:’ “J W, . -.1_ el 1__
‘ﬁl:"" #}" y ": u'ﬂﬁ "y,
WM' ~ ":r:n“:";..h pon e e b T N

|

Figure B.1T — Image of misalignment in ci'f{:um‘feren'ﬁaﬂy welded pipes
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® review after 3 years and decision taken of transfer of TS into an EN or not
® DIN EN ISO 17025: ,there is no need to qualify / validate standardized techniques*

B practical use of CEN/TS 14751 on-site:

® get experienced with the provisions of the TS

B preparation of an European standard on TOFD — acceptance levels
® draft prepared by CEN/TC 121/SC 5B/WG 2

® ready for 5-months inquiry at CEN/TC 121

B review of EN 12062 necessary
® implementation of TOFD (CEN/TS 14751 + accept.lev.)

TOFDPROOF seminar
. AMareh 2005
B European TOFDPROOF - project tofiadisoaizs | 18 March 2003
= e [ ul; | ||::1| ot
® http://www.mpa-lifetech.de/TOFD/ o B Eronlng }mui‘ﬂ ad
H MEA Stuttgort e Vs
® organized by EPERC Soierfln B { .rl‘;"lf.m L
itjass h = ;ﬁmm“
TWI
i £ Fors, dtuiting b
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All the best wishes
for a merry Christmas
and a happy and
prosperous New Year

P

‘_H Any @lan {*atus u.w,lrj

[OFb-—ficies Mewjabe |

For a happy and
TOFD-free new year !
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