SLOVENSKI STANDARD
SIST ENV 583-6:2000

Ol1l-oktober-2000

Neporugitveno preskuganje - Ultrazvolne preiskave - 6. del: Tehnika zvolne poti
kot metoda za odkrivanje in ugotavljanje velikosti diskontinuitet

Non-destructive testing - Ultrasonic examination - Part 6: Time-of-flight diffraction
technique as a method for detection and sizing of discontinuities

Zerstorungsfreie Prufung - Ultraschallprifung - Teil 6: Beugungslaufzeittechnik, ein
Technik zum Auffinden undjAusmessen von Inhomagenitaten

Essais non destructifs - Contrdle ultrasonore - Partie 6: Technique de diffraction du
temps de vol utilisée comme méthode de détection et de dimensionnement des
discontinuités <

Ta slovenski standard je istoveten z: ENV 583-6:2000

ICS:
19.100 NeporusSitveno preskuSanje  Non-destructive testing
SIST ENV 583-6:2000 en

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST ENV 583-6:2000

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST ENV 583-6:22000
httpsy//standards.iteh.ai/catalog/standards/sist/f4fb0f4 1-b309-4d5d-b398-
690912 7ac97d/sist-env-583-6-2000



EUROPEAN PRESTANDARD ENV 583-6
PRENORME EUROPEENNE
EUROPAISCHE VORNORM January 2000

ICS 19.100

English version

Non-destructive testing - Ultrasonic examination - Part 6: Time-
of-flight diffraction technique as a method for detection and
sizing of discontinuities

Essais non destructifs - Contrdle ultrasonore - Partie 6: Zerstérungsfreie Priifung - Ultraschallpriifung - Teil 6:
Technique de diffraction du temps de vol utilisée comme Beugungslaufzeittechnik, ein Technik zum Auffinden und
méthode de détection et de dimensionnement des Ausmessen von Inhomogenitéten
discontinuités

This European Prestandard (ENV) was approved by CEN on 21 May 1997 as a prospective standard for provisional application.

The period of validity of this ENV is limited initially to three years. After two years the members of CEN will be requested to submit their
comments, particularly on the question whether the ENV can be converted into a European Standard.

CEN members are required to announce the existence of this ENV in the same way as for an EN and to make the ENV available promptly
at national level in an appropriate form. It is permissible. to keep. ¢onflicting, Aational standards in force (in parallel to the ENV) until the final
decision about the possible conversion of the'ENVinto an‘EN is-reached.

CEN members are the national standards bodies of Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, Netheriands, Norway, Portugal,-Spain, Sweden, Switzerland and United Kingdom.

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Central Secretariat: rue de Stassart, 36 B-1050 Brussels

© 2000 CEN  All rights of exploitation in any form and by any means reserved Ref. No. ENV 583-6:2000 E
worldwide for CEN national Members.



Page 2

ENV 583-6:2000

Contents

FOrBWOId..ucecriiimrcemicsienn e seesessse s ensas s ecssneesesassssassenaen cersenreesesterennntiaaannanearrnnn Cessmsnserissssastreseesannnas 3
1 ST el T o - O wesasnresenrenenanes Semeetererssenssacierssnennantreesanaresaasnnsnones 4
2 NOINALIVE FEIEIENCES weuueururerureerescescnuscssiasessesesnsessssssessmsesssessssasssssesensesesssesssseesesaesmsemseseneeeeseneeeeesseneenees 4
3 Definitions and symbols .

4 [€T=T1 =1 ¢ | eens eerecansssiiesnanravenranan

4.1 Principle of the technlque - Gt hersenEeaneaaacieensaanris et RSt naananrate s e enneer e enans 6
4.2 Requirements for surface condition and couplant ..... ‘ .- 8
4.3 Materials ANd PrOCESS LYPR ..uwrurucruirueressiessemscrsseeseeearensssssesssessssssssmsesessesssseasesseseesseessesmemseeeeessees oo sens 8
5 Qualification of personnei................ ereeesrsasennenaerean S rereetsesetn e aieneeaeaen - 8
6 Equipment requirements. ... ceeeceeseeseceeeerececeesesessesesnenn restsststesane st Feeeseeveerenensasnannsrnntatnacennennann 9
6.1 Ultrasonic equipment and diSPIAY ........cveeeeecreciereeeieeemecesseseesssesesssesssmseemensiesesesene B 9
6.2 Ultrasonic probes .. . et S e s n e et re s s nnSnt RS Ao R R A ea e neereskee rerere st nnnennenmnnne 9
6.3 SCANNING MECRANISMS ceveevrrre st ssisenestsesassssss s s s sasenieeas e e seesemeeseeeses e essemmeeesees e s 10
7 Equipment set-up procedures {estirersnrinteve s st r e n s san e ne s innresnansnnane 11
7.1 €= 4= - | SRR T O PSP OO 11
7.2 Probe choice and probe separatlon ...................... 12
7.3 Time window setting.....ccocervenveceneeca: . . ‘ rennene 12
74 Sensitivity setting ..cc.cccocveervvvnnen LG LS LG A XL EOTR R NAT o T2 T rabbinesiisensanesnani —
7.5 Scan resolution setting ....ccccveeeceieeerecrrereeees .- CeReseemmmmeeeesesisasannnsasnnneaaastherensa s nnnnseantr s nnan 13
7.6 Setting of scanning speed................. weeeaiianiinen tstmnpsensing; O 13
7.7 Checking system performance.......oucimsmseseerioemsesessomenes Hems At saeaatsausaare e na vy anaar e st nt s an nanesareneransrasersansn 13
8 Interpretation and analysis of data .. iieasddloisiemmme i i - rresstienssrssannnresssnneruaaane 13
8.1 Basic analysis of discontinuities ..... LT T SO 13
8.2 Detailed analysis of discontinuities N 15
9 Detection and sizing in complex geometrles‘ L e Caerame s ats R st R en e panen 17
10 Limitations of the technique

10.1 Precision and resolution

10.2  Dead zones

1

12

13




Page 3
ENV 583-6:2000

Foreword

This European Prestandard has been prepared by Technical Committee CEN/TC 138 “Non-destructive testing", the
secretariat of which is held by AFNOR.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to announce this European Prestandard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
EN 583 "Non-destructive testing. Ultrasonic examination" consists of the following parts:

EN 583-1, Non-destructive testing - Ulfrasonic examnination - Part 1: General principles.

EN 583-2, Non-destructive testing - Ultrasonic examination - Part 2: Sensitivity and range setting.

EN 583-3, Non-destructive testing - Ulfrasonic examination - Part 3: Transmission technigue.

EN 583-4, MNon-destructive testing - Ultrasonic examination - Part 4: Examination for discontinuities
perpendicular fo the surface.

EN 583-5, MNon-destructive ctesting - /Ultrasonié, examination '+ '‘Part 5%/ Characterization and sizing of
discontinuities.

ENV 583-6, Non-destructive testing - Ultrasonic examination - Part 6: Time-of-flight diffraction technique as a
method for detection and sizing of discontinuities,



Page 4 _

ENV 583-6:2000

1 Scope

This European Prestandard defines the general principles for the application of the Time-Of-Flight Diffraction
(TOFD) technique for both detection and sizing of discontinuities in low alloyed carbon steel components. It could
also be used for other types of materials, provided the application of the TOFD technique is performed with
necessary consideration of geometry, acoustical properties of the materials and the sensitivity of the examination.
Although it is applicable, in general terms, to discontinuities in materials and applications covered by EN 583-1, it
contains references to the application on welds. This approach has been chosen for reasons of clarity as to the

ultrasonic probe positions and directions of scanning.

Unless otherwise specifiedA in the referencing documents, the minimum requirements of this Prestandard are
applicable.

Unless explicitly stated otherwise, this Prestandard is applicable to fﬁe following productv classes as defined in EN
583-2: : L

— class 1, without restrictions;
— classes 2 and 3, restrictions will apply as stated.in clause 9.

The inspection of products of classes 4 and 5 will require special procedures. These are addressed in clause 9 as
well. :

2 Normative references

This European Prestandard incorporates by dated or undated reference, provisions from other pUincatio'ns}. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any. of these, publications apply to this European
Prestandard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies.

EN 473, Qualification and certification of ND T personnel - General principles.

EN 583-1, Non-destructive testing - Ultrasonic examination - Part 1: General princjples.

EN 583-2, Non-destructive testing - Ultrasonic examination - Part 2 Sensitivity and range setting.

EN 12668-1, Ultrasonic examination - Characterization and verification of ultrasonic examination equipment —
Part 1: Instruments.

EN 12668-2, Ultrasonic examination - Characterization and verification of uftrasonic examination equipment —
Part 2: Probes.

EN 12668-3, Ultrasonic examination - Characterization and verification of ultrasonic examination equipment —
Part 3: Combined equipment
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3 Definitions and symbols

— TOFD : Time-Of-Flight Diffraction.

AX

I

Az

At

Figure 1— Coordinate'definition

coordinate parallel to the’scanning“surface, and parallel to a predetermined reference line.
In case of weld inspection this reference line should coincide with the weld. The origin of the
axes may be defined as best suits the specimenunder examination (see figure 1);

imperfection length;

coordinate parallel to the scanning surface, perpendicular to the predetermined reference
line (see figure 1);

error in lateral position;

coordinate perpendicular to the scanning surface (see figure 1);

imperfection height;

depth of a imperfection tip below the scanning surface;
error in depth;

scanning-surface dead zone;

backwall dead zone;

sound velocity;

error in sound velocity;

spatial resolution;

time-of-flight from the transmitter to the receiver;

time-of-flight difference between the lateral wave and a second ultrasonic signal;
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&t error in time-of-flight;

I time-of-flight at depth &

fp length (in time) of the acoustical pulse up to an amplitude of 10 % of the maximum;

Ly time-of-flight of the backwall echo;

S half the distance between the index points of two ultrasonic probes;

88 error in half the probe separation;

w wall thicknéss;

dead zone zone where indications may be obscured due to the presence of signals of geometrical

origin;

back wall dead extra dead zone where signals may be obscured by the presence of the back wall echo;
zone

A-scan display of the ultrasonic signal amplitude as a function of time;

B-scan display of the time-of-flight of the ultrasonic signal as a function of probe displacement;
non-parallel scan perpendicular to the ultrasonic beam direction (see figure 4);

scan

parallel scan scan parallel to the ultrasériic beam direction (Sé€ figurd 5).

4 General

4.1 Principle of the technique

The TOFD technique relies on the interaction of ultrasonic waves with the tips of discontinuities. This interaction
results in the emission of diffracted waves over a large angular range. Detection of the diffracted waves makes it
possible to establish the presence of the imperfection. The time-of-flight of the recorded signals is a measure for
the height of the imperfection, thus enabling sizing of the defect. The dimension of the imperfection is always
determined from the time-of-flight of the diffracted signals. The signal amplitude is not used in size estimation.
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Legend

1 transmitter ¢ included angle
2 Receiver d Imperfection

a lateral wave e lowertip

b  Uppertip f  Back wall echo

Figure 2 — Basic TOFD configuration

The basic configuration for the TOFD technique consists of a separate ultrasonic transmitter and receiver (see
figure 2). Wide-angle beam compression wave probes are normally used since the diffraction of ultrasonic waves is
only weakly dependent on the orientation of the imperfection tip. This enables the inspection of a certain volume in
one scan. However, restrictions apply-te-thesize, of theyvolume,that can beyinspected during a single scan
(see 7.2).

The first signal to arrive at the receiver after ‘emission of ‘an*acoustic ‘pulse is usually the lateral wave which travels
just beneath the upper surface of the test specimen.

in the absence of discontinuitiessthelsecond:signal torarrivesat-théireceiveisthe backwall echo.

These two signals are normally used for reference purposes. If mode conversion is neglected, any signals
generated by discontinuities in the material should arrive between the lateral wave and the backwall echo, since
the latter two correspond, respectively to the shortest and longest paths between transmitter and receiver. For
similar reasons the diffracted signal generated at the upper tip of a imperfection will arrive before the signal
generated at the lower tip of the imperfection. A typical pattern of indications (A-scan) is shown in figure 3. The
height of the imperfection can be deduced from the difference in time-of-flight of the two diffracted signals (see
8.1.5). Note the phase reversal between the lateral wave and the backwall echo, and between echoes of the upper
and lower tip of the imperfection.

Where access to both surfaces of the specimen is possible and flaws are distributed throughout the specimen
thickness, scanning from both surfaces will improve the overall precision, particularly in regard to flaws near the
surfaces.
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X amplitude b uppertip

Y time d back-wall echo

a lateral wave c lowertip

Figure 3 — Schematic A-scan of embedded imperfection

4.2 Requirements for surface condition and couplant

Care shall be taken that the surface condition meets at least the requirements stated in EN 583-1. Since the
diffracted signals may be weak;; the degradation of signal quality dud to pdor slirface’ condition will have a severe
impact on inspection reliability.

Different coupling media can be used, but their type shall be compatible with the materials to be examined.
Examples are: water, possibly containing an agent (wetting, anti-freeze, corrosion inhibitor), contact paste, oil,’
grease, cellulose paste containing water, etc. .

The characteristics of the coupling medium ‘shall remain constant throughout the examination. It shall be suitable
for the temperature range in which it will be used.

4.3 Materials and proéess type

Due to the relatively low signal amplitudes that are used in the TOFD technique, the method can be applied
routinely on materials with relatively low levels of attenuation and scatter for ultrasonic waves. In general,
application on unalloyed and low alloyed carbon steel components and welds is possible, but also on fine grained
austenitic steels and aluminium.

Coarse-grained materials and materials with significant anisotropy however, such as cast iron, austenitic weld"
materials and high-nicke! alloys, will require additional validation and additional data-processing.

By mutual agreement, a representative test specimen with artificial and/or natural discontinuities can be used to
confirm inspectability. Remember that diffraction characteristics of articial defects can differ significantly from those
of real defects.

5 Qualification of personnel

Personnel performing examinations with the TOFD technique shall, as a minimum, be qualified in accordance with
EN 473, and shall have received additional training and examination on the use of the TOFD technique on the
product classes to be tested, as specified in a written practice.
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6 Equipment requirements

6.1 Ultrasonic equipment and display

Ultrasonic equipment used for the TOFD technique shall, as a minimum, comply with the requirements of
EN 12668-1, EN 12668-2 and EN 12668-3.

In addition, the following requirements shall apply:

— the receiver bandwidth shall, as a minimum, range between 0,5 and 2 times the nomina! probe frequency at -6
dB, unless specific materials and product classes require a larger bandwidth. Appropriate band filters can be
used; ‘

— the transmitting pulse can either be unipolar or bipolar.The rise time shall not exceed 0,25 times the period
corresponding to the nominal probe frequency;

— the unrectified signals shall be digitized with a sampling rate of at least four times the nominal probe
frequency;

— for general applications combinations of ultrasonic equipment and scanning mechanisms (see 6.3) shall be
capable of acquiring and digitizing signals with a rate of at least one A-scan per 1 millimetre scan length. Data’
acquisition and scanning mechanism movement shall be synchronized for this purpose;

— to select an appropriate portion of the time base within which A-scans are digitized, a window with
programmable position and length shall be present. Window start shall be programmable between 0 and
200 ps from the transmitting pulse;, windowsiength, shall be programmable between 5 and 100 ps. In this way,
the appropriate signals (lateral or creeping wave, backwall signal, one or more mode converted signals as
described in 4.1) can be selected to'betdigitizéd,and/displayed;

— digitized A-scans should be displayed in amplitude related grey or single-colour levels, plotted adjacently to
form a B-scan. See figures 4 and 5 for typical B-scans-of non-parallel and parallel scans respectively. The
number of grey or single-colour scales'should ‘at'least be'64;

— for archiving purposes, the equipment shall be capable of storing all A-scans or B-scans (as appropriate) on a
magnetic or optical storage medium such as hard disk, floppy disk, tape or optical disk. For reporting purposes,
it shall be capable of making hard copies of A-scans or B-scans (as appropriate);

— the equipment should be capable of performing signal averaging.

In order to achieve the relatively high gain settings required for typical TOFD-signals, a pre-ampiifier may be used,

which should have a flat response over the frequency range of interest. This pre-amplifier shall be positioned as

close as possible to the receiving probe.

Additional requirements regarding features for basic and advanced analysis of discontinuities are described in
clause 8.

6.2 Ultrasonic probes

Ultrasonic probes used for the TOFD technique shall comply with at least the following requirements:
— number of probes: 2 (transmitter and receiver);

— type: any suitable probe (see 7.2);

— wave mode: usually compression wave; the use of shear wave probes is more complex but may be agreed
upon in special cases;

— both probes shall have the same centre frequency within a tolerance of + 20 %; frequency: for details on probe
frequency selection, see 7.2;

— the pulse length of both the lateral wave and the backwall echo shall not exceed two cycles, measured at 10 %
of the peak amplitude;
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