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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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entat, in_fiaison with IS0, also take part in the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
Ask of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting:‘Publication ag
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document may be the subject of pd
shall not be held responsible for identifying any or all such patent rights.
ditions for steel tubes for pressure purposes.

ition cancels and replaces ISO 9302:1994, which has been technically revised.

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

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

Automated eddy current testing of ;seamless and welded (except submerged arc-welded) §
br the detection of imperfections

Automated full peripheral_flux leakage testing of seamless and welded (except subme
ded) ferromagnetic steel'tubes for the detection of longitudinal and/or transverse imperfections|

Liquid penetrant.inspection of seamless and welded steel tubes for the detection of sun
ctions

Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detectid
imperfections

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

the
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tent

1 was prepared by Technical Committee ISO/TC 17, Steél,)Subcommittee SC 19, Technical

teel

teel

ged
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n of

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 1:
Automated electromagnetic testing of seamless and welded
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Scope

part of ISO 10893 specifies requirements for automated electromagnétic testing of seamless
| tubes, with the exception of submerged arc-welded (SAW)%tubes, for verification d

n testing with eddy current, and greater than 10 mm when testing-with flux leakage method.
part of ISO 10893 can also be applicable to the testing of hellow sections.

E Electromagnetic inspection using magnetic flux leakage method is not applicable to austenitic s
S.

Normative references

following referenced documents~are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

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

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

Termsand definitions

thequrposes of this document, the terms and definitions given in ISO 11484 and the following

ification

and welded
f hydraulic
ual to 4 mm,

ainless steel

For dated
referenced

rsonnel

Bpply.

3.1

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

3.2

reference tube
tube or length of tube containing the reference standard(s)
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3.3

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

NOTE
34
tube
hollow long

3.5

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

Only the term "reference tube" is used in this part of ISO 10893 also covering the term "reference sample".

seamless tube

tube made py piercing a solid product to obtain a tube hollow, which is further processed, either hot"er gold,
into its final|dimensions

3.6

welded tube

tube made |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

manufactufer

organizatiop that manufactures products in accordance with the releyart standard(s) and declares|the
compliance|of the delivered products with all applicable provisions of the-relevant standard(s)

3.8

agreement

contractual farrangement between the manufacturer and purchaser at the time of enquiry and order

4 General requirements

4.1 Unlegs otherwise specified by the produet.standard or agreed on by the purchaser and manufactirer,
an electronpagnetic inspection shall be carried’ out on tubes after completion of all the primary produgtion

process opérations (rolling, heat treating, eold and hot working, sizing, primary straightening, etc.).

4.2
sufficiently

4.3 This
ISO 11484
of third-part

The operati

shall be authorized by a level 3 NDT individual approved by the employer.

The tubes being tested shall be sufficiently straight to ensure the validity of test. The surfaces sha

ree of foreign matter which can interfere with the validity of the test.

inspection shall (be"* carried out by trained operators qualified in accordance with 1SO 9
br equivalent,.and supervised by competent personnel nominated by the manufacturer. In the ¢
y inspection,.this shall be agreed on between the purchaser and manufacturer.

hg authorization issued by the employer shall be according to a written procedure. NDT operat

| be

12,
ase

ons

NOTE
ISO 11484.

he definition ot levels 1, 2 and 5 can be tound In appropriate International standards, e.g. 150 9712

and
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5.1

5.1.1
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Test method

Test techniques

1:2011(E)

Depending on the type of products, the dimensions, the type of steel used and its magnetic properties,

the tubes shall be tested for the verification of hydraulic leaktightness by either the eddy current method or the

flux leakage method, using one of the following automated or semi-automated techniques:

a) concentric coil technique (eddy current method) (see Figure 1);

b) [egment coil technique (eddy current method) (See rigure 2);

c) ([fixed or rotating probe/pancake coil technique (eddy current method) (see Figure 3);

d) [fixed or rotating magnetic transducer technique (flux leakage method) (see Figured);

e) [multiple concentric magnetic transducers technique (flux leakage method) (se€gyFigure 5).

For fall techniques, the chosen relative speed of movement during the testing: shall not vary by more|than +10 %.
NOTE 1 It is recognized that there can be, as in the case of hydraulic testing under normal production |conditions, a
short length at both tube ends which cannot be tested.

NOTE 2  See Annexes A and B for guidelines on the limitations of the eddy current test method and flux|leakage test
metiod.

5.1.2 When testing seamless or welded tubes usifig the eddy current concentric coil technique, the
maximum tube outside diameter tested shall be restricted to 250 mm.

Square or rectangular tubes with a maximum dimension across the diagonal of 250 mm may aldo be tested
using this technique with adequately shaped ‘¢oils.

5.1.8 When testing tubes using the segment coils technique, the maximum tube outside diameter that shall
be tested shall be limited to:

— [ 219,1 mm for 2 x 180°_coils;

— | 508,0 mm for 4 x 1Q0° coils.

5.1.4 When testing seamless or welded tubes using the fixed or rotating probe/pancake coil gddy current
techinique or thé.fixed or rotating magnetic transducer flux leakage technique, the tube and the
probes/pancake coils/magnetic transducer shall be moved relative to each other or the movement shall be
simyllated by electronic commutation through the individual probes composing the pancake, sych that the
whdle of the. tube surface is scanned with coverage calculated on the dimensions of probe/pancake coils and
magnetie transducers. There is no restriction on the maximum outside diameter using these techniques.

5.1.5 When testing seamless and welded tubes using the multiple concentric magnetic transducer
technique, the tube and the multiple transducer assembly shall be linearly moved relative to each other such
that the whole of the tube surface is scanned with coverage calculated on the dimensions of probe/pancake
coils and magnetic transducers. There is no restriction on the maximum outside diameter using this technique.

© 1SO 2011 — All rights reserved
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5.2 Test equipment

The equipment shall be capable of classifying tubes as either acceptable or suspect by means of an
automated trigger/alarm level combined with a marking and/or sorting system.
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1 secondaly coil 1
2 primary ¢oil

3 secondafy coil 2
4  tube
~ alternatg energizing current
AV signal oytput

NOTE The above diagram is a simplified form of a multi-egil arrangement which can contain, for example [split
primary coils| twin differential coils and calibrator coil.

Figure 1 — Simplified diagram of-eddy current concentric coil technique

a) 2 x 180° segment coils b) 4 x 100° segment coils

Key
1 segment coll
2  tube

Figure 2 — Simplified diagram of eddy current segment coil technique
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a) Rotating probe/pancake coil technique — b) Fixed probe/pancake coil technijue —
Linear movement of the tube Linear and rotary movement of the| tube
Key
1 position of probe/pancake coll
2 fube
3 position of fixed pancake coil
4  rollers
@ Direction of probe rotation.
b Pirection of tube rotation.
NOTE The pancake coils in a) and b)\ean have different forms, e.g. single-coils, multiple coil§ of different
confjgurations, depending on the equipmentised and other factors.
Figure 3 — Simplified diagram of probe/pancake coil eddy current technique
© 1SO 2011 — All rights reserved 5
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a) Rota

nznN -

Q

log

flux leakfge transducers

tube
magneti
magneti

Directior]
Directior]

.~
b
ling magnetic transducer technique — b) Fixed magnetic transducer technique —
Linear movement of the tube Linear and rotary movement of the tube

north pole
south pole

of probe rotation.
of tube rotation.

igure 4 — Simplified diagram of magnetic flux leakage technique for the detection
of longitudinal imperfections

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=c1bd2e77f793eaefcdcc1ff1163a38a6

ISO 10893-1:2011(E)

Key
1 ptaggered array of transducers
2 magnetic saturation coils (d.c.)

NOTE The magnetic transducers can take different’forms, for example absolute and differential, depending on the
equipment used and other factors. The means of intreducing magnetic flux in a direction parallel to the majpr axis of the
tube| can be achieved by methods other than that sliown in this figure.

Figure 5 — Simplified diagram of magnetic flux leakage technique for the detection
of transverse imperfections

6 |Reference tube

6.1| General

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

6.1. The reference tubes shall have the same specified diameter and thickness, same sujface finish,
delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the tubes
under test. For specified wall thickness exceeding 10 mm, the wall thickness of the reference tubes may be
greater than the specified wall thickness of the pipe being inspected, provided the notch depth is calculated on
the specified wall thickness of the pipe being inspected. The manufacturer shall demonstrate, on request, the
effectiveness of the adopted solution.

6.1.3 The reference standards used for the various testing techniques shall be as follows:

a) areference hole or holes as defined in 6.2 and 6.6.1, when using the eddy current concentric coil and as
defined in 6.3 and 6.6.1, when using segment coil technique;

© 1SO 2011 — All rights reserved 7
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b) a reference longitudinal notch, as defined in 6.4 and 6.6.2, when using one of the following techniques:
1) fixed or rotating probe/pancake coil eddy current technique;
2) fixed or rotating magnetic transducer flux leakage technique.

c) a reference transverse notch, as defined in 6.5 and 6.6.2, when using the multiple concentric magnetic
transducer flux leakage technique;

d) by agreement between the purchaser and manufacturer, the reference holes suggested in Table 1 may
also be used when flux leakage inspection technique is performed.

NOTE 1 Hor eddy current testing, concentric coil, segment coil, fixed or rotating probe/pancake coil, other,typgs of

reference st

manufacturef.

NOTE 2 |
modified cali
or transversd
12,7 mm.

6.1.4 The
reference h
are obtaine

6.2 Eddy

6.2.1 Wh
circular ho
circumferen

6.2.2 Alte

bndard which shows the same characteristics can be used by agreement between the purchaser

h special cases, for example testing hot tubes or using equipment contained within a coptinbous tube m
bration or calibration checking procedure can be used, by agreement. Also by agreementyjnternal longitu
notches can be additionally used during flux leakage inspection of pipes having wallythickness lower

reference standards (see 6.2 to 6.5) shall be sufficiently separated longitudinally (in the cas
ples) and from the ends of the reference tube such that clearly distinguishable signal indicat
.

 current concentric coil technique

en using the eddy current concentric coil technique, the reference tube shall contain three or
es, drilled radially through the full thickness ‘of *the reference tube. The holes shall
tially displaced respectively at 120° or 90° from each other.

calibration

positioned at 0°, 90°, 180° and 270°.

6.3 Eddy current segment coil technique

6.3.1

When using the segment coil technique, the reference tube shall contain three circular holes, dn
radially thrgugh the full thickness of the reference tube. Each segment coil shall be checked with the refere
tube, and the three holes shall be'displaced as follows:

180° se¢gment coils: 0%+90° and —90° from the centre of the caoill;

100° segment coils?0°, +45° and —45° from the centre of the coil.

rnatively, only one hole shall be drilled through the full thickness of the reference tube and du
nd calibration checking the reference tube shall be passed through the equipment with the

6.3.2 Altgrnatively, only one hole shall be drilled through the full thickness of the reference tube and du
calibration @nd"ealibration checking the reference tube shall be passed through the equipment with the

and

ill, a
Hinal
than

e of
ons

four
be

ring
hole

lled
nce

ring
hole
Coil.

positioned at'0%, +90° and —90° for the 180° segment coil and at 0°, +45° and —45° for the 100° segment

These operations shall be repeated for each segment coil.

6.4 Eddy current and flux leakage rotating techniques

6.4.1
contain a longitudinal reference notch on the external surface.

When using the fixed or rotating probe/pancake coil eddy current technique, the reference tube shall

6.4.2 When using the fixed or rotating magnetic transducer flux leakage technique, the reference tube shall
contain a longitudinal reference notch on the external surface or, by agreement, a reference hole as listed in
Table 1. In this case, the manufacturer shall demonstrate that the test sensitivity achieved using the reference
hole and the equipment settings, for example signal rate filtering, is essentially equivalent to that obtained

when using the reference notch.

© 1S0O 2011 — All rights reserved
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6.5 Flux leakage — multiple transducer technique

When using the multiple magnetic transducer flux leakage technique, the reference tube shall contain a
transverse reference notch on the external surface of the reference tube or, by agreement, a reference hole
as listed in Table 1.

6.6 Dimensions of the reference standards

6.6.1 Reference hole

The[drameter of the Teference holes related 1o the tUube outsSIde diameter shall not exceed the requirements of
Tabje 1; the holes shall be formed by machining, spark erosion or other methods.

Table 1 — Specified tube diameter related to the diameter of the reference‘holes

Specified tube outside diameter Maximum hole diameter
Acceptance level
D
mm mm
4<D<158 1,20
15,8 <D < 26,9 40
26,9 <D <483 1,70
48,3<D < 63,5 2,20
63,5<D <1143 2,70
114,3 <D < 139,7 3,20
139,7<D 3,70

For [those products requesting a more severe inspection, e.g. for stainless steel pipes, by agreement between
the pustomer and manufacturer, Table 2)may be adopted.

Table 2 — Specified tube diameter related to the diameter of the reference holes

Specified tube outside diameter Maximum hole diameter
Acceptance level

D
mm mm
4<D<158 1,00
15,8 <D < 26,9 1,20
26,9<D < 48,3 1,40
48,3 <D < 63,5 1,70
63,5<D < 114,3 2,20
114,3 <D < 139,7 2,70
139,7<D 3,20

© 1SO 2011 — All rights reserved 9
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6.6.2 Reference notch

6.6.2.1  General
a) The reference notch shall be of the “N” type (see Figure 6) and shall lie
1) parallel to the major axis of the tube for tests in accordance with 5.1.1 ¢) and d) (see also 6.4), or

2) at right angles to the major axis of the tube for tests in accordance with 5.1.1 e) (see Figure 7 and
also 6.5).

The sides s£all be nominally parallel and the bottom shall be nominally square to the sides.
b) The reference notch shall be formed by machining, spark erosion or other methods.

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

Key
w  width
d depth

Figure 6 — “N” type notch

6.6.2.2 Dimensions of the reference notch
a) Width, w (see Figure 6)

The width ¢f the reference notchishall be not greater than the reference notch depth or 1 mm whichever is
greater.

b) Depth,|d (see Figuresi6vand 7)
The depth qf the reference notch shall be 12,5 % of the specified thickness with the following limitations:

1) mipipfum notch depth: 0,5 mm;

2) maximum notch depth: 1,5 mm.
The tolerance on notch depth shall be +15 % of reference notch depth.
c) Length
Unless otherwise specified by product standard or agreed between the purchaser and manufacturer, the

length of the reference notch(es) shall be greater than twice the width of each individual probe/pancake coil or
transducer. In any case, the length of reference notch shall not exceed 50 mm.

10 ©1S0 2011 — All rights reserved
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© ©
/ %
a) External partial circumferential notch b) Chord notch — External only
Key
d Hepth

Figure 7 — Possible transverse notch forms

6.6.8 Verification of the reference standards

6.6.5.1 The diameter of the reference hole(s) (see Table 1), when used/ shall be verified apd shall not
exceed the value reported in Table 1.

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

7 |Equipment calibration and checking

7.1| At the start of each inspection cycle, the equipment shall be calibrated to consistently produce
(e.gl from three consecutive passes of the referencetube through the equipment) clearly identifiable signals
fronp the reference standard(s). These signals shall be used to activate their respective trigger glarm of the
equ|pment.

7.2 When using multiple reference holes in the reference tube (eddy current concentric coil or segment
coil$ technique), the full amplitude obtained from the reference hole giving the smallest signal shall be used to
set [he trigger/alarm level of the eguipment. When using a single reference hole in the sample tgst pipe, the
sanjple test pipe shall be passed-through the inspection equipment with the reference hole, on|successive
rung positioned as requested-in/6.2.2 or 6.3.2; the full amplitude of the smallest signal obtainéd from the
reference hole shall be used to’set the trigger/alarm level of the equipment.

7.3| When using the-reference notch (fixed or rotating probe/pancake coil eddy current techniqué or fixed or
rotating magnetic dransducer flux leakage technique), the full signal amplitude shall be used| to set the
trigger/alarm level/of'the equipment.

7.4| When\using the partial circumferential notch, chord reference notch or the reference hqgle (multiple
trangduceér-flux leakage technique), the reference tube shall be passed through the inspection eqyipment with

the |reference notch or hole, on successive runs, positioned at the angular pitch of adjaceft magnetic
transwmmmwwaﬂmw transducer

in turn. The full signal amplitude obtained from each transducer shall be used to set the trigger/alarm level on
the transducer channel of the equipment.

7.5 During dynamic checking of calibration, the relative speed of movement between the reference tube
and the test coils shall be the same as that used during the production test (see 5.1.2, 5.1.4 and 5.1.5). The
same equipment settings, for example frequency, sensitivity, phase discrimination, filtering and magnetic
saturation, shall be employed.

7.6 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
equipment.

© 1S0 2011 — All rights reserved 11
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