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1ISO 9302:1994(E)

Seamless and welded (except submerged arc-welded)
steel tubes for pressure purposes — Electromagnetic

testing for verification of hydraulic leak-tightness

tional Standard specifies requirements for
electromagnetic testing of seamless and welded
tubes (ferfomagnetic steels), for pressure purposes,
with the gxception of submerged arc-welded (SAW)
tubes, for |verification of hydraulic leak-tightness. It is
applicable [to the inspection of tubes with an outside
diameter dreater than or equal to 4 mm.

2 Normative references

ISO 235:1980, Parallel shank jobber and stub series
drills and Morse:taper shank drills.

ISO 286-211988, ISQ system of limits and fits —

3 General requirements

3.1 The electromagnetic inspection ¢
InternatiopalN\Standard is usually carried
after completion of all the primary prod
operatiohs.

This inspection shall be carried out by
tificated in accordance with ISO 11484,
by the manufacturer. In the case of
spection, this shall be agreed between
and manufacturer.

bvered by this
out on tubes
iction process

bersonnel cer-
as nominated
third-party in-
the purchaser

3.2 The tubes to be tested shall be sufficiently

straight to ensure the validity of the test
shall be sufficiently free from foreign
would interfere with the validity of the

4 Method of test

4.1 The tubes shall be tested for ver
draulic leaktightness using a concentri

. The surfaces
matter which
est.

fication of hy-
C coil or a ro-
pchnique, or a

tating tube/pancake coil eddy current t

Part 2: Tables of standard tolerance grades and limit
deviations for holes and shafts.

ISO 4200:1991, Plain end steel tubes, welded and
seamless — General tables of dimensions and
masses per unit length.

ISO 11484:—", Steel tubes for pressure purposes —

Qualification and certification of non-destructive test-
ing (NDT) personnel.

1) To be published.

rotatingtube/magnetictransducerflux

nique. See figures 1 to 3.

NOTES

leakage tech-

1 It is recognized that there is a short length at both tube

ends which may not be able to be tested.

2 Guidance notes on limitations associated with the eddy
current test method and the magnetic transducer/flux
leakage technique are given in annexes A and B respect-
ively.
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NOTE — The abpve diagram is a simplified form of a multi-coil arrangement which may contain, for @xample, split pimary coils,
twin differential [coils, calibrator coil, etc.

Figure 1 — Simplified diagram of concentric coil eddy currént technique

Pancake coil{s) Fixed pancake coil(s)

Tube
rotation

-

o /- N
Turning rolls

Pancake coil rotation

a) Rotating pancake coil technique (linear tube movement b) Rotating tube technique (linear pancake coil traverse along
through the rotating pancake coil assembly) the tube length)

NOTE — The pancake coils used in a) and b) above take many forms, for example, single coil, multi-coil of various configura-
tions, depending on the equipment used and other factors.

Figure 2 — Simplified diagram of rotating tube/pancake coil eddy current technique (helical scan)
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Rotation of magnets and transducers

— T

Flux leakage

transducer(s)

ISO 9302:1994(E)

NOTE — Th
ferential, et

AN Flux leakage
transducer(s)

a) Rotating magnetic transducer technique (rotating magnets and transducers)

Fixed magnetic
transducer(s)

Tube rotation

b) Rotating tube technique [(fixed magnets and magnetic transducer(s)]

e magnetic transducers used in a) and b) above may take many forms, for example absolute, differential, multidif-
. Ldepending on the equipment used and other factors.

Figure 3 — Simplified diagram of rotating tube/magnetic transducer flux leakage technique
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4.1.1 When testing seamless or welded tubes using
the eddy current concentric coil technique, the maxi-
mum outside diameter of tube to be tested is re-
stricted to 177,8 mm.

4.1.2 When testing seamless or welded tubes using
the rotating tube/pancake coil eddy current technique
or rotating tube/magnetic transducer flux leakage
technique, the tube and/or the pancake coils/magnetic
transducers shall be moved relative to each other so
that the whole of the tube surface is scanned. There

AR an tha o imeay s A b Ao ot o
POt rraAT T ar - oatoTac—aian 1o toT

© |SO

5.4 When using the eddy current concentric coil
technique, the test piece shall contain three circular
holes, drilled radially through the full thickness of the
test piece. The three holes shall be circumferentially
displaced 120° from each other, and shall be suf-
ficiently separated longitudinally and from the
extremities of the test pieces so that clearly dis-
tinguishable signal indications are obtained.

Alternatively, only one hole shall be drilled radially
through the full thickness of the test piece, and during
calibration and calibration checking the test piece shall

is no restricti
using these tq

4.2 The eqy
capable of d
suspect tubes
level combine

chnigues.

ipment for automatic testing shall be
fferentiating between acceptable and
by means of an automatic trigger/alarm
H with a marking and/or sorting system.

5 Reference standards

5.1 The refgrence standards defined in this Inter-

national Stand
bration of nd
dimensions 0
strued as the

ard are convenient standards for cali-
n-destructive testing equipment. The
f these standards should not be con-
minimum size of imperfection detectt

able by such gquipment.

5.2 The testing equipment shall be calibfated using

reference sta
piece. The te

hdards introduced into @ “tubular test
5t piece shall be of the same nominal

diameter, thickness and surface finish as the tube to
be tested and shall have similar electromagnetic
properties.

NOTE 3 In special cases; for example testing hot tubes,
a modified test|ng procedure can be used where it can be
demonstrated that the~calibration parameters are at least
equivalent to the~electromagnetic condition of the tubes
under test.

be passed through the equipment with the hole pos-
itioned at 0°, 90°, 180° and 270°.

The diameter of the drill requirgd ,to produce these
holes depends on the tubeloutside diameter as
shown in table 1.

The diameter of the reference hole or refergnce holes
shall be verified and shall not exceed the specified drill
diameter by moré than 0,2 mm.

Table 1
Tube outside diameter D V) Drill diameter2)
mm mm
D < 26,9 1,20
26,9 < D < 48,3 1,70
48,3 < D £ 63,5 2,2
63,5 <D <114,3 2,70
114,3 <D £ 139,7 3,2D
139,7 <D < 177,8 3,70

1) See ISO 4200.

2) Tolerances according to ISO 235 (jobber sgries) and
ISO 286-2 (h8).

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

a) a reference hole or reference holes as defined in
5.4 when using the eddy current concentric coil
technique;

b) a reference notch as defined in 5.5 when using
the rotating tube/pancake coil eddy current tech-
nique or the rotating tube/magnetic transducer
flux leakage technique.

5.5 When using the rotating tube/pancake coil eddy
current technique, or rotating tube/magnetic trans-
ducer flux leakage technique, the test piece shall
contain a longitudinal reference notch on the external
surface.

5.5.1 The reference notch shall be sufficiently sep-
arated from the extremities of the test piece, so that
a clearly distinguishable signal indication is obtained.
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5.5.2 The reference notch shall be of the “N" type
(see figure 4) and shall lie parallel to the major axis of
the tube. The sides shall be nominally parallel and the
bottom shall be nominally square to the sides.

ISO 9302:1994(E)

6.5 Verification

The reference notch dimensions and shape shall be

verified by a suitable technique.

7 Equipment calibration and

7.1 The equipment shall be adjusted

Figure 4 — “N”-type notch

5.5.3 The reference notch shall be formed by ma-
chining, spark erosion or other methods.

NOTE 4 |It is recognized that the bottom or the bottom
corners of the notch may be rounded.

6 Dimensions of reference notch

The dimensions of the reference notch shall'be as
follows.

6.1 Length

50 mm mjnimum (at full depth)or a minimum of twice
the width|of each individudl-transducer.

6.2 Width, b (see figure 4)

Not great¢r thafrthe reference notch depth.

b
” O
level of the equipment.
b = width h = depth

checking

to consistently

produce—to-the-satisfaction—of-the—purchaser, clearly

identifiable signals from the referenge standard(s).

These signals shall be used to Sgt'th

When using multiple reference holes i

e trigger/alarm

the test piece

(concentric coil eddy eurrent technique), the full am-
plitude obtained from-the reference hole giving the

smallest signal shali’be used to set th
level of the equipment. When using a s
hole in the-test piece, the test piece 9
through the‘inspection equipment with
hole, onnsuccessive runs, positioned 4
and 270° and the full amplitude of the
obtained from the reference hole shall
the trigger/alarm level of the equipmen

When using the reference ng
tube/pancake coil eddy current techni
tube/magnetic transducer flux leakage
full signal amplitude shall be use
trigger/alarm level of the equipment.

7.2 During calibration, the relative s
ment between the test piece and the
be the same as that to be used during
test. The same equipment settings, fa
guency, sensitivity, phase discriminatio
magnetic saturation, etc., shall be emp

e trigger/alarm

ingle reference

hall be passed
the reference
t 0°, 90°, 180°

smallest signal

be used to set
t.

tch  (rotating

ue or rotating
technique), the
i to set the

peed of move-

test coils shall
the production
r example fre-
N, rate filtering,
oyed.

7.3 The calibration of the equipn

nent shall be

6.3 Depth, 7 (see Tigure 4)

12,5 % of the specified thickness with the following
limitations:

— Minimum depth: 0,5 mm

— Maximum depth: 1,5 mm

6.4 Tolerance on depth, &

+ 15 % of reference notch depth or + 0,05 mm,
whichever is the larger.

checked—atTegutar intervals—auring

he production

testing of tubes of the same diameter, thickness and
grade, by passing the test piece through the in-
spection equipment.

The frequency of checking the calibration shall be at
least every 4 h; but also whenever there is an equip-
ment operator changeover and at the start and end
of the production run.

NOTE 5 In cases where a production testing run is con-
tinuous from one shift period to the next, the 4 h maximum
period may be extended by agreement between purchaser
and manufacturer.
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7.4 The equipment shall be recalibrated following
any system adjustments or whenever the specified
nominal tube diameter, thickness, type or grade of
steel is changed.

7.5 |If, on checking during production testing, the
calibration requirements are not satisfied, even after
increasing the test sensitivity by 3 dB to allow for
system drift, then all tubes tested since the previous
check shall be retested after the equipment has been
recalibrated.

© |SO

The suspect area may be retested by other non-
destructive techniques and test methods, by
agreement between purchaser and manufacturer
to agreed acceptance levels.

b) Each suspect tube shall be subjected to a hy-
draulic leak-tightness test in accordance with the
relevant product standard, unless otherwise
agreed between the purchaser and manufacturer.

c¢) The suspect area shall be cropped off. The
manufacturer shall ensure to the satisfaction of

Retesting shall |not be necessary even after a drop in
test sensitivity jof more than 3 dB since the previous
calibration, provided that suitable recording from indi-
vidually identifigble tubes are available which permit
accurate classification into suspect and acceptable
categories.

8 Acceptance

8.1 Any tubg producing signals lower than the
trigger/alarm lejel shall be deemed to have passed
this test.

8.2 Any tube
than the trigge
pect or, at the n
as specified ab

8.3 If, on ret
or greater than

producing signals equal to or greater
[/alarm level shall be designated sus-
hanufacturer's option, may be retested
bve.

bsting, no signal is obtained equalte
the trigger/alarm level, the tube shall

be deemed to have passed this test.

Tubes giving
trigger/alarm le

8.4 For susps
actions shall be
the product sta

a) The susped
using an ag

ignals equal to or gredter than the
el shall be designated suspect.

ct tubes, one or-mare of the following
taken, subject-to the requirements of
hdard:

t area,shall be explored by dressing
ceptable method. After checking that

the remaini

ng-thickness is within tolerance, the

the purchaser that all the suspect area.pas been
removed.

d) The tube shall be deemed not-.to,have passed the
test.

9 Test report
When specified, the manufacturer shall submit to the
purchaser a testseport that includes, at least, the fol-
lowing information:

a) refererice to this International Standard;
b) date of test report;

¢)~ statement of conformity;

d) material designation by grade and size;

e) type and details of inspection technique;

f) description of the reference standard.

tube shall be retested as previously specified. If
no signals are obtained equal to or greater than
the trigger/alarm level, the tube shall be deemed
to have passed this test.
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Annex A
(informative)

Guidance notes on limitations associated with the eddy current test method

A.1 Eddy current testing in general

A.2 Concentric test coils

It should pe noted that, during the eddy current test-
ing of tujes, the sensitivity of the test is at a maxi-
mum at the tube surface adjacent to the test coil and
decreases$ with increasing distance from the test coil.
The signgl response from a subsurface or internal
surface imperfection is thus smaller than that from an
external gurface imperfection of the same size. The
capacity ¢f the test equipment to detect subsurface
or interngl surface imperfections is determined by
various fgctors, but predominantly by the thickness

the lower the excitation frequency .the
higher the penetration. In particular, the physicdl.pa-
rameters jof the tube (e.g. conductivity, permeability,
etc.) shodld be taken into account.

This test method is preferred since.it)can detect short
longitudinal imperfections and transverse imperfec-
tions both of which break the surface pdjacent to the
test coil or lie just below it.

The maximum length of the longitudinial imperfection
which is detectable-is-principally detdrmined by the
search coil arrangemeént and by the rafe of change of
section along,the)length of the imperfaction.

A.3 Pancake coils

This'test method uses one or more pancake coils to
describe a helical path over the tube syirface. For this
reason, the method detects longituding|l imperfections
with a minimum length dependant on the width of the
test coil and the inspection helical pitgh. It is recog-
nized that transverse imperfections arge not normally
detectable.

Since the excitation frequency is sign

ficantly higher

than that using concentric coils, only those imperfec-

tions which break the surface adjacent
are detectable.

to the test coil
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