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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standg

y the technical committees are circulated to the member bodies for voting{ Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.

nditions for steel tubes for pressure purposes.

pdition cancels and replaces 1SO 9303:1989 and 1S0O\9305:1989, which have been technic

consists of the following parts, under the generalitle Non-destructive testing of steel tubes:

Automated electromagnetic testing of seamless and welded (except submerged arc-welded) s
for the verification of hydraulic leaktightriess

Automated eddy current testing“of seamless and welded (except submerged arc-welded) s
for the detection of imperfections

Automated full periphéral flux leakage testing of seamless and welded (except submer;
Ided) ferromagnetic steel-tubes for the detection of longitudinal and/or transverse imperfections

Liquid penetrantinspection of seamless and welded steel tubes for the detection of surf;
ctions

Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detectio
e imperfections
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Part 6

Radiographic testing of the weld seam of welded steel tubes for the detection of imperfections

imperfections

imperfections

manufacture of welded steel tubes

arc-welded) steel tubes for the detection of longitudinal and/or transverse imperfections

Part 7: Digital radiographic testing of the weld seam of welded steel tubes for the detection of

Part 8: Automated ultrasonic testing of seamless and welded steel tubes for the detection of laminar

Part 9: Automated ultrasonic testing for the detection of laminar imperfections in strip/plate used for the

Part 10: Automated full peripheral ultrasonic testing of seamless and welded (except submerged
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— Part 11: Automated ultrasonic testing of the weld seam of welded steel tubes for the detection of
longitudinal and/or transverse imperfections

— Part 12: Automated full peripheral ultrasonic thickness testing of seamless and welded (except
submerged arc-welded) steel tubes
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Non-destructive testing of steel tubes —

Part 10:
Automated full peripheral ultrasonic testing of seamless
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Scope
s part of ISO 10893 specifies requirements for automated full peripheral ultrasonic shear wave
conventional or phased array technique) testing of seamless and welded’ [except submerged
W)] steel tubes, for the detection of longitudinal and/or transverse imperfections.

ess otherwise specified in the purchase order, the testing.iiethod is applicable to the d
dominantly longitudinal imperfections.

he case of testing on longitudinal imperfections, Lamb wayve testing can be applied at the discr
nufacturer.

seamless tubes, by agreement between the purchaser and manufacturer, testing principles of
D 10893 can be applied to detect imperfectionshaving other orientations.

0 mm, normally with an outside diameter-to-thickness ratio greater than or equal to 5.
s part of ISO 10893 can also be applicable to the testing of circular hollow sections.

TE For options for testing tubes with an outside diameter-to-thickness ratio less than 5 on
erfections, see Annex A.

Normative references

b following, \referenced documents are indispensable for the application of this document.
brences,only the edition cited applies. For undated references, the latest edition of the
ument-including any amendments) applies.

ISC

K577 Non-destrctive quﬁng — [Jltrasonic incppnﬁnn — Vnr‘nhulary

amd—welded—(ex-eep(—submerged—are«velded—)—steel—tubesj
far the detection of longitudinal and/or transverse imperfections

generated
arc-welded

btection of

ption of the

this part of

s part of ISO 10893 is applicable to the, inspection of tubes with an outside diameter greater than or equal

longitudinal

For dated
referenced

ISO 9712, Non-destructive testing — Qualification and certification of personnel

ISO 11484, Steel products — Employer's qualification system for non-destructive testing (NDT) personnel

© 1SO 2011 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in I1ISO 5577 and I1SO 11484 and the
following apply.

31
reference standard
standard for the calibration of non-destructive testing equipment (e.g. drill holes, notches, recesses)

3.2
reference tube
tube or length of tube containing the reference standard(s)

3.3
reference sample
sample (e.f. segment of tube, plate or strip) containing the reference standard(s)

NOTE Only the term “reference tube” is used in this part of ISO 10893, also covering the term “reference sample”.

3.4
tube
hollow long product open at both ends, of any cross-sectional shape

3.5
seamless ftube
tube made] by piercing a solid product to obtain a tube hollow, whichis further processed, either hot or cp
into its fina] dimensions

dv

3.6
welded tube
tube madg by forming a hollow profile from a flat product and welding adjacent edges together, and which
after welding can be further processed, either hot or:cold, into its final dimensions

3.7
manufactyrer
organizati{n that manufactures products. in accordance with the relevant standard(s) and declares [the
compliancg of the delivered products withall applicable provisions of the relevant standard(s)

3.8
agreement
contractua| arrangement between the manufacturer and purchaser at the time of enquiry and order

3.9
average of the specified thickness range
average of|the spécified thickness range given by:

T,

max 7

min
2

where T, and T,,, are the maximum and the minimum thicknesses allowed by the standard when taking

into account the wall thickness tolerances

2 © 1S0O 2011 — All rights reserved
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4 General requirements

4.1

0:2011(E)

Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer,

this ultrasonic testing shall be carried out on tubes after completion of all the primary production process

operations (rolling, heat treating, cold and hot working, sizing and straightening, etc.).

4.2
sufficiently free of foreign matter which can interfere with the validity of the test.

4.3 ThIS test shall be carried out by suitable tralned operators quallfled in accordance W|th

The
tes

b operating authorization issued by the employer shall be according to a written procedure./Non-
ling (NDT) operations shall be authorized by a level 3 NDT individual approved by the.employer.

NO
ISC

TE
11484,

The definition of levels 1, 2 and 3 can be found in appropriate International Standards, e.g. IS

5

!

im({

Test method

The tubes shall be tested by using an ultrasonic shear wayed{echnique for the detection of |
transverse imperfections. Lamb wave technique may bevapplied for the detection of |
erfections.

During testing, the tubes and the transducer assemply shall be moved relative to each othe
whole of the tube surface is scanned, with coverage.calculated on the dimension of the transdu
tive speed of movement during testing shall nottvary by more than £10 %. There can be a sho
tube ends which cannot be tested. Any  untested ends shall be dealt with in accordang

the

For the detection of Jlongitudinal imperfections, the maximum width of each individual
sured parallel to the_major axis of the tube, shall be 25 mm. For U1 category tubes with
diameter equal to or less.than 50 mm, the width of any one transducer unit shall normally be res
imum of 12,5 mm:

In the case of use-of the Lamb wave technique or phased array technique, the maximum width of
or active aperture, measured parallel to the major axis of the tube, shall be limited to 35 mm.

For the detection of transversal imperfections, the maximum width of each individual transducer,
perpendicular to the major axis of the tube, shall be 25 mm.

The tubes under test shall be sufficiently straight to ensure the validity of the test. The surfaces shall be

ISO 9712,

—In the case

destructive

0 9712 and

ongitudinal
ongitudinal

r such that
cer(s). The
rt length at
e with the

out in two
bckwise for
ots.

ransducer,
an outside
tricted to a

transducer

measured

5.5 The ultrasonic test frequency of transducers that shall be used shall be in the range 1 MHz

to 15 MHz

for shear wave technique and in the range 0,3 MHz to 1 MHz for Lamb wave technique, depending on the

product condition and properties, the thickness and surface finishing of tubes under examination.

5.6 The equipment shall be capable of classifying tubes as either acceptable or suspect, by m
automated trigger/alarm level combined with a marking and/or sorting system.

©1S0O 2011 - All rights reserved
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6 Reference tube

6.1 Gen

eral

6.1.1 The reference standards defined in this part of ISO 10893 are convenient standards for calibration of
non-destructive testing equipment. The dimensions of these standards should not be construed as the
minimum size of imperfection detectable by such equipment.

6.1.2 For the detection of longitudinal imperfections, the ultrasonic equipment shall be calibrated using
longitudinal reference notches on the outside and inside surfaces of a reference tube.

For the de’{ection of transverse imperfections, the ultrasonic equipment shall be calibrated using transverse

reference

For both
purchaser

For seamlg

otches on the outside and inside surfaces of a reference tube.

pbxamination types, when the tube internal diameter is less than 15 mm, the manufacture
may agree to waive the internal notch.

ss tubes, where the detection of imperfections having other orientations can,. be requested, relev

requirements replacing or in addition to those of this part of ISO 10893 shall be specified' at the time of enq

and order.

6.1.3 Th
delivery co
similar aco

6.14 In
ends of the

6.2 Typ

6.21 Th
the major 3

The refere
discretion
of “N” type

NOTE

hdition (e.g. as-rolled, normalized, quenched and tempered) as-the tubes under test, and shall h
ustic properties (e.g. sound velocity and attenuation coefficient).

order to obtain clearly distinguishable signals, the notches shall be sufficiently separated from
reference tubes and from each other.

bs of reference notches

e reference notches shall lie parallel (longitudinal notches) or transverse (transverse notches
xis of the reference tube.

hce notches shall be of the “N” typé (N-notch); the “V” type notch (V-notch) may be used at
bf the manufacturer when the specified notch depth is less than 0,5 mm (see Figure 1). In the ¢
notch, the sides shall be nominally parallel and the bottom shall be nhominally square to the sideg

The bottom or the bottom-corners of the notch can be rounded.

and

ant
iiry

e reference tubes shall have the same nominal diameter and thickness, same surface finish and

pve

the

to

the
hse

D .

Key
w  width
d depth

a) “V” type notch b) “N” type notch

Figure 1 — Reference notch forms

© 1S0O 2011 — All rights reserved
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6.2.2 In the case of transverse notches, the notch forms shown in Figure 2 shall be used, at the discretion
of the manufacturer.

6.2.3 The reference notch shall be formed by machining, spark erosion.
S|
!
X

i i

1 )

a) External partial circumferential notch b) Internal partial circumferential notch
Key
d | depth

Figure 2 — Typical transverse notches

6.3 Dimensions of reference notches
6.3l1 Width, w (see Figure 1)
Th¢ width of the reference notch shall not be greater‘than 1,0 mm and should not exceed twice the depth.
6.3l2 Depth, d (see Figure 1 and 2)
6.32.1 The depth of the reference notch shall be as given in Table 1.
NO[TE The values of notch depth specified in Table 1 are the same, for the corresponding categpries, in all

Ints
levd

rnational Standards concerning non-destructive testing of steel tubes where reference is made to different|
bls. Although the reference standards are identical, the various test methods involved can give different test

Table,1 — Acceptance levels and corresponding reference notch depth

Notch depth
of the specified thickness
%

Acceptance level

acceptance
results.

6.3

U1 3
2 5
U3 10
U4 12,5

2.2

The minimum notch depth is related to the type of tube used for a particular application and is

denoted by a subcategory as given in Table 2, unless otherwise agreed on by the purchaser and
manufacturer. In the absence of specified subcategories, the minimum notch depth shall be 0,2 mm for cold-
drawn, cold pilgered or machined tubes and 0,5 mm for all the other conditions.

©1S0O 2011 - All rights reserved
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Table 2 — Subcategories and minimum notch depth

. . a
Subcategory Minimum :I:Ch depth Typical tube condition
A 0,1 Cold-drawn, cold pilgered or
B 0.2 machined tubes
] 0,3 o
All conditions
D 0,5

@  The minimum notch depth that may be used is related to specific tube manufacturing methods where the surface

finigprays a dominant Tole I the mimimum notch depth that can be adopted for unrasonic equipment catbration n

ord¢r to achieve an acceptable signal-to-noise ratio.

6.3.2.3 The maximum depth of notch for all acceptance levels and subcategories shall be 1;5mm, exdept
for tubes with a wall thickness greater than 50 mm, for which it can be increased to 3,0 mm,‘unless otherwise
agreed on.
6.3.2.4 The tolerance on notch depth shall be £15 % of reference notch depth er, 0,05 mm, whichever is

the greater, with the exception that when the notch depth is less than 0,3 mmy the tolerance shall|be
+0,03 mm.

6.3.3 Notch length
Unless otHerwise specified by the product standard or agreed on by the purchaser and manufacturer, [the
length of the reference notch(es) shall be greater than the widthlef the single transducer or single virfual
transducer] with the following limitation:

— maximum of 25 mm for cold-drawn, cold pilgered or mathined tubes;

— maximum of 50 mm for all other conditions.

6.3.4 Verification of the reference standards

The referepce notch dimensions and shape shall be verified by a suitable technique.

7 Equipment calibrationand checking

7.1 General

At the staft of each ifspection cycle, the equipment, independently of the applied type of waves, shall|be
calibrated [o produce consistently clearly identifiable signals from the reference notches used. These sigrals
shall be used to activate the respective trigger/alarm.

7.2 Adjustment of trigger/alarm level

7.21 Where a single trigger/alarm level is used, the probes shall be adjusted such that the signals from the
internal 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.

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

7.2.3 When only the external notch is used, the full signal amplitude from the external notch occurring
immediately after the internal gated time period shall be used as the internal notch signal amplitude.

6 © 1SO 2011 — All rights reserved
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7.3 Calibration check and recalibration

7.3

.1 The calibration of the equipment shall be dynamically checked at regular intervals

during the

production testing of tubes of the same specified diameter, thickness and grade, by passing the reference

tub

e through the testing installation.

The frequency of checking the calibration shall be at least every 4 h, but also whenever there is a testing
installation operator changeover and at the start and end of the production run.

7.3
tu

2

During a dynamic check of the calibration, the relative speed of movement between the reference

calibration

Cof
chd

7.3
cal

7.3

tes
rec

8

8.1
8.2
Sus
arg

sha

8.3
the

a)

b)

and-the—probe—assembly—shall-be-the-same—as—that-used—during—the—production-test—Other
ditions may be allowed, provided the manufacturer can demonstrate that the same results as\tf]
ck of the calibration are obtained.

L3 The equipment shall be recalibrated if any of the parameters which were used during
bration are changed.

4 If, on checking during production testing, the calibration requirementssare not satisfied

fed since the previous acceptable equipment calibration shall be retested after the equipmen
alibrated.

Acceptance
Any tube producing signals lower than the trigger/alarmilevel shall be deemed to have passe
Any tube producing signals equal to or greater ¢than the trigger/alarm level shall be desg
pect or, at the discretion of the manufacturer, may<be retested. If, after two consecutive retests
lower than the trigger/alarm level, the tube shallibe deemed to have passed this test; otherwis]
Il be designated as suspect.

For suspect tubes, one or more of the-following actions shall be taken, subject to the requ
product standard:

the suspect area shall be dressed or explored by a suitable method. After checking that the
thickness is within tolerance;-the tube shall be retested as previously specified. If no signals a
equal to or greater than trigger/alarm level, the tube shall be deemed to have passed this test.

The suspect area may/be retested by other non-destructive techniques and test methods, by
between the purehaser and manufacturer to agreed acceptance levels;

the suspectdrea shall be cropped off;

the tube'shall be deemed not to have passed this test.

e dynamic

the initial

, all tubes
has been

i this test.

ignated as
all signals
e, the tube

rements of

remaining
e obtained

agreement
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9 Testreport

If specified, the manufacturer shall submit to the purchaser a test report that includes, at least, the following
information:

a) reference to this part of ISO 10893, i.e. ISO 10893-10;
b) statement of conformity;

c) any deviation, by agreement or otherwise, from the procedures specified;

d) produ¢t designation by steel grade and size;

e) type ahd details of test technique(s);

f)  equiprment calibration method used;

g) description of the reference standard acceptance level;
h) date of test;

i)  operafor identification.

8 © 1SO 2011 — All rights reserved
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