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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17577 was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 7, Methods of t¢sting
(other than npechanical tests and chemical analysis).
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INTERNATIONAL STANDARD

ISO 17577:2006(E)

Steel — Ultrasonic testing for steel flat products of thickness
equal to or greater than 6 mm

1 Scope

This
steel
steel
to ad

signdl and that of the echo detection threshold is sufficient for the limit fixed. Unless otherwis

testin
Othe
discr
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Testi
agres

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

docu
ISO ¢
ISO 1

impe

3

Terms and definitions

flat products, in a nominal thickness range of 6 mm to 200 mm. However, this standard m
stenitic and austenitic-ferritic steels, provided that the difference between the amplitude

g of steel flat products for welded steel tubes, ISO 12094 applies.
methods of testing (e.g. by transmission) or other test equipment.may be used at the m
btion, provided that they give identical results to those obtained under the conditions of this

vent of a dispute, only the method defined in this standard will prevail.

ng of flat products, of thickness less than 6 mm and over 200 mm, may be the subje
ments between the parties concerned.

Normative references
following referenced documents atel.indispensable for the application of this documen
ment (including any amendments)-applies.

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

2094, Welded steel-tubes for pressure purposes — Ultrasonic testing for the detectio
(fections in strips/plates used in the manufacture of welded tubes

For tTe purposes of this document, the following terms and definitions apply.

hspection is normally carried out in the place of production or on the premises of the supplier.

nternational Standard specifies a method for the automated and/or manual ultrasonic testing of uncoated
flat products for internal discontinuities by the reflection method. It is applicable to non=alloyged or alloyed

y be applied
of the noise
p agreed, for

anufacturer’s
standard. In

ct of special

t. For dated
b referenced

h of laminar

31

internal discontinuity
any imperfection lying within the thickness of the flat products, e.g. planar or laminar imperfection,
single-plane or multi-plane inclusion bands or clusters

3.2

defect
unacceptable internal discontinuities, i.e. exceeding the specified maximum size or population density limits

3.3

population density
number of individual internal discontinuities of a size greater than a specified minimum size and less than a

speci

©I1SO

fied maximum size per specified area of body or length of edge zone
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3.4
manual and

assisted manual testing

testing by an operator applying an ultrasonic probe to the flat-product surface, manually executing the
appropriate scanning pattern on the flat-product surface and visually assessing ultrasonic signal indications on
the electronic equipment screen either by direct viewing or by built-in signal amplitude alarm devices

3.5

automated and semi-automated testing
testing using a mechanized means of applying the ultrasonic probe or probes to the flat-product surface and
executing the appropriate scanning pattern, together with ultrasonic signal evaluation by electronic means

NOTE Sy

rator

performs basi
3.6
dead zone

zone to be m
20 % of scre

4 Princiy

The method
which is perg

The examin

a)

ch-testina-can-be-eitharfull sutomatad with na anaratar invalvamant ar cami avtamatad wwhan tha o
THeStHg-ooto rtHeTToty crotorHete oWt o-Sp ety orvere i OrSertaotBricte o wrie—e-o

equipment operation functions.

easured as the point of time base where the transmitted pulse or surface echoldrops to less
bn height under the specified test sensitivity.

le
used is based on the reflection of ultrasonic waves (generallydongitudinal), the mean direct

endicular to the main surface of the flat products.

tion consists of the following:

Locating any discontinuity by comparing the amplitude of the discontinuity echo with the amplitude

echo of g flat-bottomed hole of a given diameter and located at the same depth as the discontinuity.

NOTE

nly those discontinuities giving an echo heigh exceeding in amplitude that of the echo obtained w

referencq flat-bottomed hole are taken into consideration.

b)
the pro
conside

The examing
side only.

In the case
realized usin
in 8.1.1 shou

Then determining its area, the contour of the discontinuity being defined by the positions of the cen

corresponding to an echo amplitude of half the maximum amplitude of the discontinuity
ation (6 dB method).

tion is carried out during the first ultrasonic scan for all the flat-product thicknesses and fron
of automated_testing, the location of a discontinuity and the determination of its area ca

g different algorithms together with high scanning density. In case of dispute, the 6 dB tech
|d be used:

than

on of

bf the

th the

ter of
inder

i one

n be
hique

5 Personpnel

Testing shall be carried out by qualified personnel under the responsibility of a Level 3 individual, certified in
accordance with ISO 9712 or an appropriate national/regional standard.

NOTE

Examples of appropriate standards are listed in the Bibliography.
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6.2

The

ultragonic waves in the flat products. The oscillograms shall be clearly visible, the peaks corresp
succeéssive echoes being sharp and very clear.

6.3
The
a)

b)

ISO 17577:2006(E)

Testing system

General requirements

The normal beam technique and the reflection technique shall be used for the ultrasonic testing method.

The apparatus shall be equipped with time-base regulation and the gain control shall be
decibels.

calibrated in

The electronic equipment shall be appropriate for the ultrasonic probes and frequencies used.

The transmitted pulse repetition frequency shall be appropriate for the applied scanning spee

The apparatus shall detect the ultrasonic signals of internal discontinuities by using @ gate
output signal shall be provided for devices like display monitor or recording equipment.

The coupling medium shall ensure an adequate contact between the probg and the surfa
products and maintain sufficient coupling.

Manual-testing instrument

nstrument shall be equipped with an A-scan display monitor<hat allows the assessment ¢

Automated testing system
automated testing system shall be equipped with'the following:
a suitable mechanical means for scanningithe surface of flat products with a defined density;

ELrobe holders which are capable of-following the surface contour of a flat product to be teste
aintain straight incidence;

ppropriate electronics including, for example, transmitters, receivers, multiplexer, gates, dis
s well as a means for data collection;

appropriate means fof_signal evaluation, recording (e.g. mapping) and storing;
rureans for calibration of the equipment (i.e. sensitivity, time base and gate position), for ex4

se of reference blocks, input of artificial signals, input of distance-amplitude curves (DAC
gtored calibration files;

d.

Function. The

ce of the flat

f the path of
pnding to the

d, in order to

play monitor,

mple, by the
) or input of

rreans for control of pulse repetition frequency related to the scanning speed;

means for coupling and function check (e.g. by surveillance of back-wall echo);

function to indicate the location of discontinuities from the edge of flat products (printer, recorder or

display).

© I1SO 2006 — All rights reserved
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6.4 Performance of electronic equipment

The electroni

¢ equipment shall have the following performance.

a) Linearity

— Linear amplifiers: The deviation of the vertical linearity shall not exceed + 1 dB in any part of a 20 dB
span.

— Logarithmic amplifiers: The deviation of the vertical linearity shall not exceed + 1 dB in any part of a
20 dB span and + 2 dB in any part of a 60 dB span.

— Hor|zontal linearity: The deviation of the horizontal linearity shall not exceed + 2 % of the, te
range.
The vertical linearity shall be checked at least once a year, unless the conditions dictate a
frequengy of checking. The results of all checks shall be recorded.
b) Dead zone
The dead zone of single-element probes shall be as small as possible, i.e.max. 15 % of the thickne

the flat ¢
zone sh

6.5 Probe

The probes
on the thickn

roducts or 15 mm, whichever is the smaller. For product thicknesses less than 10 mm, their
bll be less than or equal to 1,5 mm.

S

hall be single-element probes, dual-element prohesor multiple dual-element probes, depe
ess of the flat products as given in Table 1.

Table 1 —~Type of probe

Specified thickness of the flat products
or path length (e) Type of probe @ °
mm
6 < ¢%,60 Dual-element probe
60 x& < 200 Single or dual-element probe

a8 In the €vent of dispute, the type of probe to be used shall be the subject of an
agreemenpbetween the purchaser and manufacturer.

b As:l6ng as the stipulation of the dead zone is satisfied, where testing is carried out
using-immersion or water-column techniques, it is permissible to use single probes for
flat products of less than or equal to 60 mm thickness.

sting

igher

ss of
dead

hding

The probes shall have a nominal frequency in the range of 2 MHz to 5 MHz. Probes with a frequency outside
the range of 2 MHz to 5 MHz can be used for the material that has high attenuation or special acoustic
characteristics, if agreed between the purchaser and manufacturer.

The focusing

The relevant

zone of dual-element probes shall be adapted to the thickness of the flat products.

dimension of transducers is less than or equal to 30 mm in diameter or in rectangularity.

© 1SO 2006 — All rights re
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Coupling medium

The coupling medium shall ensure an adequate coupling between the probe and the surface of the flat
products.

Water is normally used, but other coupling media (e.g. oil, paste) may be used at the discretion of the supplier.

The coupling medium should be chosen to avoid intercrystalline corrosion, e.g. when applied to austenitic

steel,

and in such cases should be adequately removed after testing by an appropriate method.

71

Unleg

7.2

7.21

For t
Scan

the rgquired quality class.

rocedure

Inspection timing

s otherwise agreed, the ultrasonic test shall be carried out at the final stage.
Scanning plan

General

he flat-product body, the testing is based on statistical methods/ unless otherwise specified
hing of the flat products shall be carried out in accordance, with 7.2.2 and/or 7.2.3 and corr

flat products may be provided, the operating conditions being included in the agreement.

Testing of the flat-product body

pllowing testing conditions apply.

For the flat-product body, the,scanning comprises continuous examination along the lin
arallel to the edges of the flatproducts, or along the parallel or oscillating lines distributed u
e area, given the same degree of control.

or Classes B, and By;-the scanning shall be the lines of grid of a 200 mm square, or alo
orizontal lines at A00-mm pitch.

or Classes B4-and By, the scanning shall be the lines of grid of a 100 mm square, or alo
orizontal lines at 50 mm pitch.

the\event of probe failure, the above-mentioned pitch requirements can be exempted
efective probes are not consecutive and if the following requirements for coverage rates are

in the order.
psponding to

reement at the time of ordering, a scanning with a:defined scan coverage or a scanning of all body parts

es of a grid
niformly over

ng vertical or

ng vertical or

. as long as
met:

1) Classes By and B,: the required coverage rate of the scanning area shall be equal

than 20 %.

2) Classes B3 and B,: the required coverage rate of the scanning area shall be equal

3)

By ag
of the
7.2.2
The f
a) |
b)

c)

d) |
©1S0O

than 40 %.

scanned area of the flat-product edges.

2006 — All rights reserved

to or larger

to or larger
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7.2.3 Testing of the edges of the flat products

Scanning of the edges comprises a full examination of a zone in accordance with Table 2, over the four edges
of the flat products.

Table 2 — Zone width for flat-product edges

Thickness of the flat products (¢) Zone width
mm mm
6<e<60 50
60 <e < 100 75
100 < e < 200 100

7.3 Scanning condition

In the ca
perpend

a)

b) The sca

1)

toe

2) The

equ

7.4 Sensi

The test
block.

a)

At least
given in

b)

se of scanning with a dual-element probe, the direction of the acoustical barrier shall be ori
cular or 45° to the scanning direction.

hning speed shall not impede the testing.

In the case of automated testing, the scanning speed and the’pulse repetition frequency shall b

hsure full coverage.

scanning speed of manual testing without an-automated alarm system shall be less th
al to 200 mm/s.

tivity and range setting

sensitivity shall be determined using the flat-bottomed holes of the flat products or the refe

three flat-bottomed holes for'each class shall be used for determination of the test sensitiv
Table 3.

Table 3 —Diameters of flat-bottomed holes for setting test sensitivity

Diameters of the flat-bottomed holes
Classes
mm

Flat<product body Flat-product edges Single probe Dual-element probe

ented

e set

Hn or

'ence

ty as

112

B.. By E,

B3 Ey, Ej 8a

E, 5

B4

a

By agreement at the time of enquiry and order, the 5 mm flat-bottomed hole may be specified.

NOTE

level as 5,0 mm flat-bottomed holes.

Flat-bottomed holes of diameter 5,6 mm may be used, provided that the sensitivity is adjusted with the same

© I1SO 2006 — All rights reserved
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c)

Key

)

1)

m)

NOTE

ISO 17577:2006(E)

The depth of the flat-bottomed holes is given in Figure 1.

0,25¢

0,75¢

0,5#
)

thickness

Figure 1 — Depths of flat-bottomed holes for setting the test sensitivity

The tolerance on the diameter of the flat-bottomed holes shall be + 5 %. The tolefance on the
flat-bottomed holes shall be + 10 % or £ 2 mm of the product thickness, whichéver is the smg

The reference block shall be made of steel that has similar acoustical properties to th

depth of the
ller.

e tested flat
ss otherwise

greed, the deviation of thickness of the reference block from that of the flat products to b¢ tested shall

jroducts. The reference block may not necessarily be from the, same production lot. Unle

ot exceed +2(5J %.

the probe. After adjusting the lowest echo level*or adjusting the same echo-height ley
distance-amplitude correction, the test sensitivity of the apparatus shall be adjusted, r
fequired class.

In the case of manual testing, the distance~amplitude characteristics from the relevant flat-bo
may be used and the curves drawn on(he display.

[Vhen testing with a dual-element probe, a 5,0 mm diameter hole is used for setting the test s

[Vhere the relation between.the back-wall echo amplitude and the flat-bottomed-hole echo
defined, the back-wall eche‘may be used for adjusting the test sensitivity.

The use of rectangular'recesses is permitted, provided that the length and width of the reces
fo provide an ultrasonic signal response essentially equivalent to that obtained from t
at-bottomed hole using the same equipment/transducer-type combination.

The test sensitivity shall be determined from at least three points distributed over the entire field of use of

el using the
bgarding the

ttomed holes

ensitivity.

amplitude is

5 are chosen
e stipulated

reference’block that has a thickness differing from that of the flat products to be tested ma

be used for

djusting' the test sensitivity, if the difference of the sensitivity between the two thicknesses has been

easured and compensated.

Distance-amplitude curves can be supplied by the manufacturer of the probe.

The frequency of checking the test sensitivity shall be at least once per 8 h shift.

between the directions of the acoustical barrier and the rolling direction.

© I1SO 2006 — All rights reserved
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8

8.1

Determination of the discontinuity size

Testing the flat-product body

8.1.1 Testing with dual-element probes

The area of discontinuities giving responses that exceed the distance-amplitude curve shall be determined
using the 6 dB technique, i.e. the contour of the discontinuity being defined as positions of center of the probe,
when the response from the discontinuity is equal to half the maximum amplitude. A rectangle that
encompasses the whole of the dlscontlnuny is then determlned the major dlmensmn of which is called the

length of the di
also calculat
shall be con
distance between them is less than or equal to the length of the smaller of the two.

In the case

realized using
should be us

8.1.2 Testi

The test consists of the following:

a)

b)

c)

gle is
d. The area of the rectangle deflnes the area S of the discontinuity. Two nearby dlscontlnumes
idered to represent a single discontinuity, the area being equal to the sum of the two, [f the

of automated testing, the location of a discontinuity and the determination ofyits area can be
different algorithms, together with high scanning density. In case of dispute, the 6 dB techhique
d.

g with single-element probes

for flat groducts of Class By and B,: determination of the area invaccordance with the method dgfined
in8.1.1,

for flat products of Class B3 and B,: simple counting of the discontinuities which can be done wher| they
are detected using the distance-amplitude curves for 5 mm, 8 mm and 11 mm diameter holes.

The follgwing is thus determined:

1) for Class B3: the number of discontinuities’giving echoes with an amplitude greater than the 1l mm
diamheter curve, and the number N2\of discontinuities (Table 5) giving echoes with an ampjitude
between characteristic curves for the 8 mm and 11 mm holes;

2) for Class B,: the number of discontinuities giving echoes with an amplitude greater than the § mm
diamheter curve, and the mumber N3 of discontinuities (Table 5) giving echoes with an ampjitude
between characteristic curves for the 5 mm and 8 mm holes.

In the case pf automated.-festing, the location of a discontinuity and the determination of its area can be
realized usirlg different algorithms, together with high scanning density. In case of dispute, the adefuate

technique described inthis subclause should be used.

8.2 Testing the edges

The test consists of scanning the total area of the edges (or areas to be welded according to sketches) where
discontinuities were located as defined in 7.2.3, under the same conditions as for the flat-product body in 8.1.

The following shall be determined:

a)

b)

c)

the maximum dimension (L,,,) and the minimum dimension (L,;,) of the discontinuity in the direction
parallel to the edge of the products;

the area (S) of the discontinuity;

the number of discontinuities smaller than the maximum area (S,,,) and longer than the minimum
dimension (L) per 1 m length.

© I1SO 2006 — All rights reserved
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The determination of these properties of the discontinuity is obtained using the 6 dB method.

The area of the rectangle defines the area (S), of the discontinuity. Two nearby discontinuities shall be
considered to represent a single discontinuity, the area being equal to the sum of the two, if the distance
between them is less than or equal to the length of the smaller of the two.

In the case of automated testing, the location of a discontinuity and the determination of its area can be

realized using different algorithms together with high scanning density. In case of dispute, the 6 dB technique
in 8.1.1 should be used.

9 Acceptanceecriteria—————————————————————————————————————————————
Tablgs 4 and 5 give the acceptance criteria for the quality classes (B4, B, B3 and B) for the flat-product body,
depepding on the type of probe used, and Tables 6 and 7 for the edge classes (E,, Ex Eyand E,) (see also
Figure 2).

If no guality class is specified by the purchaser at the time of enquiry and order, Class B, for flat-product body
and (lass E, for flat-product edges apply.

10 Test report

When requested, the manufacturer shall submit a test report whichlincludes at least the following [points:
a) reference to this International Standard: ISO 17577;

b) ference data of the flat products examined (identification of the grade, heat-treatment condjtion, surface
ondition, dimensions);

c) e characteristics of the ultrasonic probe (type, dimensions, frequency) and of the apparatus;

d) e operation conditions (coupling medium, scanning, method of area determination used, $etting of the
pparatus);

e) the test results;
f)  date of the test report;

g) mame and signature of'the inspector/operator.

Table 4 = Acceptance criteria for testing the body of flat product using dual-element probes

Unacceptable Acceptable frequency of discontinuities
Class individual
discontinuity Area @ considered Maximum population density
mm?2 mm?2
B4 S>1000 500 < S <1000 )
15 in the most populated/1 m x 1 m square

B, S > 500 100 b < § < 500
B3 S>100 50 b <5< 100 10 in the most populated/1 m x 1 m square
By S>50 20< S <50 10 in the most populated/1 m x 1 m square

@  Area of each discontinuitzy in the cluster in question.
For 1 000 mmZ2, 500 mm*,100 mm?2 and 50 mm? are determined in 8.1.1.
For 20 mm?, the discontinuity giving echoes with an amplitude above the distance-amplitude curve of a flat-bottomed
hole of diameter 5,0 mm.

b By agreement at the time of enquiry and order, a minimum area of 20 mm?2 may be specified.

© I1SO 2006 — All rights reserved 9
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Table 5 — Acceptance criteria for testing the body of the flat product using single-element probes

Unacceptable individual

Acceptable frequency of discontinuities

Class - -
discontinuity Area 2@ considered Maximum population density
B S> 1000 mm? 500 < S < 1000 mm? 15 in the most populated/
B, S > 500 mm? 100 P < S < 500 mm? 1'mx1msquare
Discontinuities where the flaw echo N2
hgs an ampht.ude greater than the ' 10 in the most populated!
B3 distance-amplitude curve for a between diameters of 8 mm P 1'm x 1 m square
flat-bottomed hole 11 mm in and 11 mm
diameter
Discontinuities where the flaw echo N3
B has an amplitude greater than the ) 10 in the most populated
4 distance-amplitude curve for a| between dladm8eters of 5 mm 1 m x 1 m square
and 8 mm

flat-bottomed hole 8 mm in diameter

a8  Area of eq
By agreen

ch discontinuity in the cluster in question (see 8.1.2).
ent at the time of enquiry and order, the 5 mm flat-bottomed hole may be specified.

Table 6 — JAcceptance criteria for testing the edge zone of the flat product with dual-element propes
Permissible individual Permissible number of
Class 2 discontinuity size Minimum discontinuity | discontinuities smaller than the
Maximum Maximum dimension considered ma):::gﬁrz altreaefrqaxmalrz;ri1 I(t)lr:ger
dimension area min P 9
Lmax Smax Linin
mm mm? mm
E4 50 1000 25 5
E, 40 500 20° 4
E; 30 100 15b 3
E4 20 50 10 2
NOTE 1 Cpunting of the discontinuities is carrieéd-out using the distance-amplitude curves for the 5,0 mm diameter holes.
NOTE 2 The length and area of the discontinuity of E4, E,, E5 and E, are determined in 8.1.1.
NOTE 3 The number of discontinuities arer determined as the number of discontinuities giving echoes with an amplitude aboye the

distance-amplitude curves of flat-bottoméd-holes of diameter 5,0 mm.

@  The disco
shall be consid
b

By agreen

bred.

htinuity giving echoes Wwith an amplitude over the distance-amplitude curve of a flat-bottomed hole of diameter 5J0 mm

ent at the timegref.enquiry and order, a minimum dimension (L,;,) of 10 mm may be specified.

Table 7 — Acceptance criteria for testing the edge zone of the flat product with

single-transducer probes

Permissible individual

Maximum dimension

Permissible number of

Class discontinuity size diameter Linax @ discontinuities per 1 m length
D mm
E4 11 mm<D 50 5
E, 8mmbP<D< 11 mm 40 4
E; 8mmP <D< 11mm 30 3
E,4 5mm<D<8mm 20 2

Lpax is determined in 8.1.1.
b By agreement at the time of enquiry and order, the 5 mm flat-bottomed hole may be specified.

10

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0d9ec32efc983a74863ea2f252fe8e63

