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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Non-destructive testing of welds — Phased array ultrasonic
testing (PAUT) — Acceptance levels

1 Scope

This document specifies acceptance levels for the phased array ultrasonic testing technique (PAUT) of

full g
level

Thes|

5 of ISO 5817.

2 Normative references

The
cons
undg

ISO §

ISO
excly

following documents are referred to in the text in such a way thatsome or all of t
[itutes requirements of this document. For dated references, énly the edition cited
ted references, the latest edition of the referenced documeny (in¢luding any amendme

577, Non-destructive testing — Ultrasonic testing — Vocabulary

817, Welding — Fusion-welded joints in steel, nickel;" titanium and their alloys (b4
ded) — Quality levels for imperfections

[SO 11666, Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

ISO 13588, Non-destructive testing of welds == "Ultrasonic testing — Use of automated p
technology

ISO (15626, Non-destructive testing~of’ welds — Time-of-flight diffraction technique
Acceptance levels

ISO [L7640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing
asseysment

3 Terms and definitions

For t
ISO 4
— 1]

he purposesif-this document, the terms and definitions given in ISO 5577 and ISO 135
nd IEC myaintain terminological databases for use in standardization at the following g

SO/Qnline browsing platform: available at http://www.iso.or

[ETEtTation Wetds T feTTitic Steets of T thickess of 6 mnT witich correspomnd to the quality

e acceptance levels are applicable to indications classified in accordance with ISO'13588.

heir content
applies. For
hts) applies.

am welding

hased array

(TOFD) —

levels, and

88 apply.

ddresses:

EC Electropedia: available at hitp://www.electropedia.org/

4 Symbols

h height

hg sum of the heights of the individual indications plus the distance between them
l length

lg sum of the lengths of the individual indications plus the distance between them
t thickness

© IS0 2017 - All rights reserved
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5 Acceptance levels

For the evaluation, three different acceptance levels are defined. The relation between these acceptance
levels and the quality levels as mentioned in ISO 5817 are given in Table 1.

Table 1 — Related levels for phased array ultrasonic testing

Quality level according to

Testing level according to

Acceptance level according to

ISO 5817 ISO 13588 this document

C,D A 3

B B 2

By agreement C 1
Spefial application D By agreement

NOTE Accepftance criteria for acceptance level 1 are only specified for evaluation based on length and height:

6 Evaluation of indications

Indications detected when applying ISO 13588 shall be evaluated as specified in the test procgdure

either by:

a) length gnd height, then Clause 7 and Clause 9 shall be applied;

b) or by length and maximum amplitude, then Clause 8 and Clause*10 shall be applied.

7 Determination of length and height

7.1 Generfal

The size of 4 discontinuity is determined by its length and height.

7.2 Determination of length

The length pf an indication shall be ‘measured as described in ISO 11666, using the focal law which

provides th¢ maximum amplitude.

If TOFD is ufed, the length of-an-indication shall be measured as described in ISO 15626.

In any other] case, testinglevel D of Table 1 is applicable.

7.3 Determination of height

7.3.1 Geqeral

For indications displaying varying height along their length, the height shall be determined at the scan

position of maximum extent.

7.3.2 Using diffracted signals

If diffracted signals are observed, they shall be used to determine height. The height is determined

using either:

— two diffracted signals observed from the same discontinuity (upper and lower tip);

— one diffracted signal and a surface signal observed from the same discontinuity;

— one diffracted signal and the known wall thickness for root connected discontinuities;

© ISO 2017 - All rights reserved
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— one diffracted signal in relation to the surface for a surface breaking discontinuity.

If TOFD is used, the height shall be measured as described in ISO 15626.

7.3.3 Using other signals
In case a height cannot be measured using diffracted signals, then the determination can be based on:

— amplitudes using the reference levels as described in ISO 11666. Other sizing techniques may be
used (TCG, DGS, 6 dB drop);

—  the Hmn-nf.ﬂighf ofreflections (n g hollows root, micmnfr‘h);

— the time-of-flight of mode converted signals.

8 Determination of length and maximum amplitude

The length of an indication shall be determined by measuring the distance along the weld over which
the gcho amplitude is above the evaluation level using the fixed amplitude’level technique|specified in
Anngx B.

Alternative techniques for measuring indication length may be used when specified.

9 Acceptance criteria based on length and height

9.1 | General

Wheh indications are detected, length and height are determined in accordance with [7.2 and 7.3.
Indidations shall be evaluated according to their acceptance level and the acceptance critgria listed in
this ¢lause.

For yelds joining two different thicknesses, the thinner of those two is leading for the acceptance
critefia.

9.2 | Single indications

9.2.1 Acceptance critéria for level 1

Acceptance criteriafor level 1 are given in Table 2.

Table 2 — Acceptance criteria for level 1

Maximum allowable length (Iax) Maximum allowable
if h < h2 or h3 height (h1)

Thickness range bsrlcle;fli‘iclfg Embedded when I> Imax

Imax h3 h2 h1

mm mm mm mm
6mm<t<15mm 0,75t 1,5 2 1
15mm<t<50 mm 0,75t 2 3 1
50 mm < t <100 mm 40 2,5 4 2
t>100 mm 50 3 5 2

9.2.2 Acceptance criteria for level 2

Acceptance criteria for level 2 are given in Table 3.

© IS0 2017 - All rights reserved 3
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Table 3 — Acceptance criteria for level 2

Maximum allowable length (Ihax)

Maximum allowable

if h < h2 or h3 height (h1)

Thickness range bsrl(le;fli‘icrfg Embedded when I> Imax

Imax h3 h2 h1

mm mm mm mm
6 mm<t<15mm t 2 2 1
15mm<¢t<50 mm t 2 4 1
50 mm < ¢t < {100 mm 50 3 5 2
t>100 mm 60 4 6 3

9.2.3 Acceptance criteria for level 3

Acceptance [riteria for level 3 are given in Table 4.

Table 4 — Acceptance criteria for level 3

Maximum allowable length (Ihax)

Maximum allowaple

if h < h2 or h3 height (h1)

Thickness rjange bsrl(lelz;fli‘icrfg Embedded when I> Imax

Imax h3 h2 h1

mm mm mm mm
6 mm<t<1p mm 1,5t (max. 20) 2 2 1
15mm<t<p0 mm 1,5t (max. 60) 2,5 4,5 2
50mm<¢t<[100 mm 60 4 6 3
t>100 mm 75 5 8 4

9.3 Cumylative length of indications

9.3.1 General

Point-like infications are not<considered to determine total length.
a

The cumul

9.3.2 Forleach single set-up

ive length-of all individually acceptable indications above recording level is given a
sum of lengths of both)single indications and linearly aligned indications of combined length wit
given sectiop of wéld*length.

s the
hin a

For wall thickness <50 mm, the sum of the lengths of the individually acceptable indications measured

along the weld over a length of 12¢t shall be <:
— for acceptance level 1: 3,5t with a maximum of 150 mm;
— for acceptance level 2: 4,0t with a maximum of 200 mm;

— for acceptance level 3: 4,5¢ with a maximum of 225 mm.

For wall thickness >50 mm, the sum of the lengths of the individual indications measured along the
weld over the total length of the weld shall be <:

— for acceptance level 1: 10 % of the weld length with a maximum of 500 mm;

© ISO 2017 - All rights reserved
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— for acceptance level 2: 10 % of the weld length with a maximum of 600 mm;

— for acceptance level 3: 10 % of the weld length with a maximum of 700 mm.

9.3.3 Combining set-ups

In addition to 9.3.2, when using two set-ups according to testing level C in ISO 13588 and additional
indications are found, the maximum total length for combined indications shall not exceed 1,5 times
the maximum length stated in 9.3.2.

9.4 Grouping of indications

Poinf-like indications are not considered for grouping.

Grouping of indications is based on the size and the separation of individual indicatioris. The length and
the sfize of a group shall not be used for further grouping.

A grgup of indications shall be considered as a single indication if

— the distance between two individual indications along the weld isJess than the length ¢f the longer
indication, and

— the distance between two individual indications in thickness\direction of the weld is less than the
jueight of the higher indication.
For

cceptance or rejection, grouped indications are treated as single indications according to 9.2.

l

g

27
-

PO

Key

1, 2,3 simple representation of three indications
h maximuniheight of indications 1, 2, 3

I maximum' [ength of indications 1, 2, 3

hg totalheight of grouped indications

lg total length of grouped indications

Figure 1 — Dimensions of grouped indications
For a grouped indication, the total height, hg, is defined as the sum of the heights of the individual
indications plus the distance between them (see Figure 1).

For a grouped indication, the total length, g, is defined as the sum of the lengths of the individual
indications plus the distance between them (see Figure 1).

Indications 2 and 3 shown in Figure 1 shall be treated as a single indication because their separation in
x-direction is smaller than / and their separation in z-direction is smaller than h.

Indication 1 is not included in the group because the separation in the thickness direction is larger than h.

© IS0 2017 - All rights reserved 5
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-like indications

Point-like indications have no significant extent in any direction. They may originate from diffraction
or reflection.

The maximum number (N) of point-like indications in any 150 mm of weld length shall not exceed the
value given by Formula (1):

N=12t

where

N ist

t is 4

10 Accept

10.1 Gene

When indic
Clause 8. In
listed in thif

For welds j
criteria.

10.2 Long

Table A.1 g;lv

evaluation
technique 2

for acceptan
For tech

For tec
Figure 4

Any indicati

ounded to the higher integer;

he thickness given in millimetres.

rance criteria based on length and amplitude

ral

htions are detected, length and maximum amplitude are détermined in accordance
lications shall be evaluated according to their acceptance level and the acceptance cri
clause.

bining two different thicknesses, the thinner of those two is leading for the accept

tudinal indications

es information on the techniques used for the evaluation of indications and the re
nd acceptance levels. Table A.2 specifies the reference levels for acceptance levels 2 and
using angle-beam scanning with-transverse waves. Table A.3 specifies the reference |

niques 1 (side-drilled holes) and 3 (rectangular notch), see Figure A.1 to Figure A.4.

hniques 2 [flat-bottomed holes (disk-shaped reflectors)] and 4 (tandem technique)
\.5 to Figure A.10,

exceeding ¢,
other thick
angle(s), an

for the thickness range of 6 mm < ¢t < 15 mm, or t/2 or 20 mm, whichever is larger, f
ess ranges, shall be subject to further testing. This requires the use of additional ¢
, if specified, the tandem technique.

ce levels 2 and 3 for technique 2 using straight-beam scanning with longitudinal wave$

M

with
teria

ance

lated
3 for
evels

D.

see

U

on with an amplitude below the acceptance level but with a length (above evaluation level)

br all
robe

10.3 Transverse indications

When detection of transverse indications is specified, the acceptance levels stated in 10.2 apply.

10.4 Grouping of indications

Grouping is based on the length and the separation of individually acceptable indications having
amplitudes above the recording level. The length of a group shall not be used for further grouping.

For evaluati

a) thedist

on, a group of indications shall be considered as a single one if:

ance, dy, is less than twice the length of the longer indication (see Figure 2);
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b) the distance, dy, is less than half of the thickness but not more than 10 mm;
c) thedistance, d,, is less than half of the thickness but not more than 10 mm.
The combined length is as shown in Formula (2):
hp =1+ +dy (2)

See Figure 3.

The combined length, /12, and the larger maximum amplitude of the two indications shall then be

| - dndel. 1. 1.1 de 1 1 - - La a0 I | Al
assegsed dgdIIIST LT dPpPHILAUIT dLLTPLATILT ITVELS gIVEIT T 1dUIC AL 1.

Key
dy, dy} d; distances in the x-, y- and z-directions, respegefively
Iy length of individual indications, where n =1...3

Figure 2 — Simple representation of grouped indications in a sketch of a welld

G N s—

Key
dy distance in the x-direction
11, I | length of individual indications

112 LUlllblll\,d ln_usth

Figure 3 — Length of a group of indications

10.5 Cumulative length of indications

10.5.1 General

The cumulative length of all individually acceptable indications above recording level is calculated
within a specified section of weld length, Iy, as the sum of lengths of both single indications and linearly
aligned indications (see Figure 4).

© IS0 2017 - All rights reserved 7
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11 Iz [3 [45 16 17
l
| w
|
(o
L 1] I 1
713 5 3
Key
I cumulative length
le=L+13+ 145 +1g
Iy weld length
I, length ofindividual indications, wheren=1...7

10.5.2 For

For any sect
indications
acceptance |

Figure 4 — Cumulative length of indications

each single set-up

ion of weld length, I, = 6¢, the maximum cumulative length, I, of all individually accep

evel 3.

10.5.3 Combined set-up

In addition
indications
the maximu|

m length stated in 10.5.2.

hbove the recording level shall not exceed 20 % of Iy, for acceptance level 2 or 30 % of |

fo 10.5.2, when using two set-ups according to testing level C in ISO 13588 and addi]
hre found, the maximum total. length for combined indications shall not exceed 1,5 {

table
w for

ional
imes
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Annex A
(normative)
Levels
H A
5[
i 1

s s I

N
[=]
LI B I L B B B

-15 h o N T T ___i__:\ ————————— L

o
e
(%51
[uny
=
(%51

Key
leference level
dcceptance level 2
1lecording level
gvaluation level
dmplitude in dB
indicationdength

T~ T R W R

thickness

2,5 It

Figure A1 —Levelsfortechniguesl and 3 forthicknesses 6 mmie 15 mm — Acceptance level 2
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Key
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acceptarn|
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4 evaluatid
H

[ indicatig
t

thicknes

Figure A.2

e level

ce level 3
b level

n level
eindB
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3

1,5 2 2,5 | Ut

— Levels for techniques’l and 3 for thicknesses 6 mm to 15 mm — Acceptance leyel 3
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leference level
dcceptance level 2
lecording level
gvaluation level
gmplitude in dB
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sure A.3 — Levels for technique 1 for thicknesses 15 mm to 100 mm — Acceptange level 2
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Figure A
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4 — Levels for technique 1 for thicknesses 15 mm to 100 mm — Acceptance leve] 3
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-10
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lecording level
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igure A.5 — Levelsfortechnique 2 for thicknesses 6 mm to 15 mm — Acceptance level 2
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-10
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o

referenc
acceptarn|
recordin
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1
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3

4 evaluatid
H

[ indicatig
t

thicknes

Figure A.6 — Levels for technique 2 for thicknesses 6 mm to 15 mm — Acceptance level B
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5 N 3
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i 1
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Key

leference level
dcceptance level 2
lecording level
gvaluation level
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indication length
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2 25 It

Figure A.7 — Levels for, technique 2 for thicknesses 15 mm to 100 mm — Acceptange level 2
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Key
1 reference level
2 acceptarnce level 2
3 recording level
4  evaluatign level
H amplitude in dB
[ indication length
t  thicknesp
Figure A]8 — Levels for technique 4 for thicknesses 15 mm to 100 mm — Acceptance leve] 2
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Figure A.9 — Levels for. technique 2 for thicknesses 15 mm to 100 mm — Acceptange level 3
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