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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
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Non-destructive testing of steel tubes — Automated ultrasonic
testing of seamless and welded (except submerged arc-welded)

ste

1

This International Standard specifies requirements for automated ultrasonic shear-wave”(genera
element probes or the phased-array technique) testing of seamless and welded, {except suk

weld

The testing technique is applied for the detection of predominantly longitudinalimperfections.

Whele applicable, Lamb-wave testing may be applied at the discretion,of the manufacturer.

This
equa

2 Normative references

The

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu

ISO §

ISO ¢

ISO

3

For t

apply.

el tubes for verification of hydraulic leak-tightness

11484, Steel products *='Employer's qualification system for non-destructive testing (NDT) p

Terms and definitions

cope

d) steel tubes, for verification of hydraulic leak-tightness.

nternational Standard is applicable to the inspection of tubés with an outside diameter gr
to 10 mm, and with an outside diameter-to-thickness ratio,greater than or equal to 5.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.
577, Non-destructive testing — Ultrasonic inspection — Vocabulary

712, Non-destructive testing *— Qualification and certification of personnel

he purpeses of this document, the terms and definitions given in ISO 5577, ISO 11484 and

ted by single
merged arc-

pater than or

t. For dated
b referenced

brsonnel

the following

31

reference standard
standard for the calibration of non-destructive testing equipment

EXAMPLE Drill hole(s), notch(es), recess(es).

3.2

reference tube
tube or length of tube containing the reference standard(s)

3.3

reference sample
sample containing the reference standard(s)
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EXAMPLE

NOTE

3.4
tube

Segment of tube/plate/strip.

Only the term “reference tube” is used in this International Standard; it also covers “reference samples”.

long hollow product, open at both ends, of any cross-sectional shape

3.5
seamless tu

be

tube made by piercing a solid product to obtain a tube hollow, which is further processed, either hot or cold,

into its final

imensions

3.6
welded tube
tube made b

be further prgcessed, either hot or cold, into its final dimensions

y forming a hollow profile from a flat product and welding adjacent edges together, and which

3.7
submerge
tube made

NOTE 1 TH
resistance to
contamination

NOTE2  TH
least one pasq

3.8

manufacturer

organization
compliance ¢

3.9
agreement
contractual a

4 Gener

4.1 Unless
the ultrasoni
operations, |

;

together, without pressure, by addition of filler metal

rc welded tube (SAW)
forming, either hot or cold, a hollow profile from strip or plate and:welding the adjacent ¢

e adjacent edges and the filler metal are heated to welding temperature by an arc generated [
he passage of an electric current. The arc generated and the molten metal are protected from atmos
by the presence of a layer of flux.

e tubes may have one or two longitudinal seam welds*(SAWL) or one helical seam weld (SAWH)
on the inside of the tube and at least one pass on theutside of the tube.

that manufactures products in accordance with the relevant standard(s) and declare
f the delivered products with all applicable provisions of the relevant standard(s)

rrangement between the manufacturer and purchaser at the time of enquiry and order

al requirements

otherwise, specified by product standards or agreed between the purchaser and manufad
c testing.shall be carried out on tubes after completion of all the primary production-pr:
uch asyrolling, heat treating, cold and hot working, sizing, straightening, etc.

may

dges

y the
bheric

vith at

5 the

turer,
DCESS

42 The t

shall

es’'to be tested shall be sufficiently straight to ensure the validity of the test. The surfaces

be sufficiently free from foreign matter which would interfere with the validity of the test.

4.3

This inspection shall be carried out by suitable trained operators qualified in accordance with ISO 9712,

ISO 11484 or equivalent and supervised by competent personnel nominated by the manufacturer. In the case

of third-party

inspection, this shall be agreed between the purchaser and the manufacturer.

The operating authorization issued by the employer shall be in accordance with a written procedure.
Non-destructive testing operations shall be authorized by a Level 3 non-destructive testing individual approved
by the employer.

NOTE

The definition of Levels 1, 2 and 3 can be found in appropriate standards, e.g. ISO 9712 and ISO 11484.
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https://standardsiso.com/api/?name=c707328597c4f562a684945e88dd3bfa

ISO 10332:2010(E)

5 Method of test

5.1 The tubes shall be tested by using an ultrasonic shear-wave technique or Lamb-wave technique, if
applicable, for the detection of predominantly longitudinal imperfections.

5.2 During testing, the tubes and the transducer assembly shall be moved relative to each other so that the
whole of the tube surface is scanned, with coverage calculated on the dimension of the transducer(s). The
relative speed of movement during testing shall not vary by more than 10 %. It is recognized that there may be
a short length at both tube ends which cannot be tested. Any untested ends shall be dealt with in accordance
with the requirements of the appropriate product standard (see also Annex A).

In thg ; ; between the
purchaser and manufacturer, verification of hydraulic leak-tightness of the weld zone only is periitted. In this
case| the transducer assembly shall be correctly aligned with the weld seam so that the - whole [length of the
weld [seam is scanned.

5.3 | During testing, the tubes shall be scanned in two opposing directions of beamtravel, unlgss otherwise
agreed between the purchaser and manufacturer.

5.4 | For the detection of longitudinal imperfections, the maximum width’ of each individual transducer
measgured parallel to the major axis of the tube, shall be 25 mm.

When using the Lamb-wave technique or phased-array technique, the maximum lepgth of the
transfucer/active aperture shall be limited to 35 mm.

5.5 | The ultrasonic test frequency of transducers to be used shall be in the range of 1 MHz tp 15 MHz for
sheaf-wave technique and in the range of 0,3 MHz to 1 MKz for the Lamb-wave technique, depgnding on the
product condition and properties, the thickness, and thg surface finishing of tubes under examination.

5.6 | The equipment shall be capable of classifying tubes as either acceptable or suspect by means of an
autorpated trigger/alarm level combined with axuharking and/or sorting system.

6 Reference tube

6.1 | General

6.1.1| The reference standards defined in this International Standard are convenient for the falibration of
non-destructive testing_equipment. The dimensions of these standards should not be consjrued as the
minimum size of impérfection detectable by such equipment.

6.1.2| The ultrasonic equipment shall be calibrated using a longitudinal reference notch on thg outside and
insid¢ surfacesor a reference hole drilled radially through the full thickness of a reference tube] The internal
notch shallinot be used when the internal diameter of the tube is less than 15 mm, unless othefwise agreed
betwg¢en the purchaser and the manufacturer.

6.1.3 The reference tubes shall have the same nominal diameter and thickness and the same surface finish
and delivery condition (e.g. as-rolled, normalized, quenched and tempered) as the tubes to be tested, and
shall have similar acoustic properties (for example, sound velocity, attenuation coefficient).

6.1.4 In order to obtain clearly distinguishable signals, the reference standard(s) shall be sufficiently
separated from the ends of the reference tubes and from each other.

6.2 Types of reference notches

6.2.1 The reference notches shall lie parallel to the major axis of the reference tube.

© 1SO 2010 — All rights reserved 3
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The reference notches shall be of the “N” type (see Figure 1). The sides of the notch shall be nominally
parallel and the bottom shall be nominally square to the sides.

It is recognized that the bottom or the bottom corners of the notch may be rounded.

W

Key
w  width
d depth

Figure 1 — Reference notch forms (“N” type notch)

6.2.2 The feference notch shall be formed by machining, spark erosion or othef:methods.
6.3 Dimensions of reference notches

6.3.1 Width, w

The width of the reference notch (see Figure 1) shall not be greater than 1,0 mm.

6.3.2 Depth, d

The depth of the reference notch (see Figure 1) shall be 12,5 % of the specified thickness with the follpwing
limitations:

— minimum notch depth: 0,5 mm;

— maximum notch depth: 1,5 mm.

The tolerancg on notch depth shalllbe +15 % of the nominal reference notch depth.
6.3.3 Notch length

Unless otherwise spécified by the product standard or agreed between the purchaser and the manufadgturer,
the length of the reference notch(es) shall be greater than the width of the single transducer or the active
aperture of the-phased-array transducer, with a maximum of 50 mm.

6.4 Reference hole

The reference hole shall be drilled through the wall, perpendicular to the surface of the tube; for welded pipe, it
shall be drilled at the centre of the weld.

The diameter of the reference holes related to the outside diameter of the tube shall not exceed the
requirements of Table 1. The holes shall be formed by machining, spark erosion or other methods.

4 © 1SO 2010 — All rights reserved
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Table 1 — Specified tube diameter related to the diameter of the reference holes

Specified outside diameter of the tube Maximum hole diameter
D acceptance level
mm mm
10<D<26,9 1,20
26,9<D <483 1,70
48,3<D < 63,5 2,20
63,5<D < 114,3 2,70
H4.3<D 3720

6.5 | Verification of the reference standards
The reference standard dimensions and shape shall be verified by a suitable technigue.

The giameter of the reference hole(s) (see Table 1), when used, shall be verified and shall ngt exceed the
valug reported in Table 1; the reference notch dimensions and shape shall be-verified by a suitable technique.

7 Equipment calibration and checking

7.1 | General

At the start of each testing cycle, the equipment shall be ‘calibrated to consistently produce (e.§. from three
consgcutive passes of the reference tube throughtwihe equipment) clearly identifiable signals from the
refer¢gnce standard(s). These signals shall be used{o’activate the respective trigger alarm of the ¢quipment.

7.2 | Adjustment of the trigger/alarm level

7.2.1] Where a single trigger/alarm levehis used, the transducers shall be adjusted so that the|signals from
the ingternal and external reference notches are equal, as far as possible; and the full signal amplitude of the
lesser of the two signals shall be used to set the trigger/alarm level of the equipment.

Whefe a reference hole is applied, the signal from the inner and outer side of the reference hole $hall be used
in acgordance in the same manner as for reference notches.

7.2.2] Where separate)trigger/alarm levels are used for the signals from internal and extermpal reference
notchles, the full amplitude from each signal shall be used to set the relevant trigger/alarm| level of the
equigment. The position and width of the gates shall be adjusted in such a way that the entire wall thickness
of the tube is tested.

Whele aseference hole is applied, the signal from the inner and outer side of the reference hole ghall be used
in ac¢ardance in the same manner as for reference notches.

7.3 Calibration check and re-calibration

7.3.1 The calibration of the equipment shall be checked at regular intervals during the production testing of
tubes of the same specified diameter, thickness and grade, by passing the reference tube through the testing
equipment.

The checking frequency for calibration shall be at least every 4 h, but also whenever there is an equipment
operator change-over and at the start and end of the production run.

7.3.2 The equipment shall be recalibrated if any of the parameters which were used during the initial
calibration are changed.

© 1SO 2010 — All rights reserved 5
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