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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotech
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les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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e main changes compared to thepréevious edition are as follows:

finition added for “rim zone”(3.6) and “non-measurable dimension (3.8);
bclause 4.3.3.1;
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Figure 2 movedte'4.3.3.2 and text in Figures 3 and 4 moved to 4.3.3.3;

Feferenced in-5.5.3.3 was corrected (new Figure 5 added);
b was.renumbered as Figure 6;
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Figure B.1 Key 8 was corrected;
Table in Figure B.1 numbered as Table B.1.

Alist of all parts in the ISO 4992 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Steel castings — Ultrasonic testing —

Part 2:
Steel castings for highly stressed components
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This| document specifies the requirements for the ultrasonic testing of steel castings”(y

strufture) for highly stressed components, and the methods for determining internal discor

the pulse-echo technique. Purchasers determine if components are highly stressed based

for gerformance or safety.

This| document applies to the ultrasonic testing of steel castings which have usually receiy

refiing heat treatment and which have wall thicknesses up to and including 600 mm. For §
thicknesses, special agreements apply with respect to the test procedure and the acceptang
This|document does not apply to austenitic steels and to joint welds.

2 Normative references

The [following documents are referred to in the text'in such a way that some or all of their content
condtitutes requirements of this document. For dated references, only the edition cited

undgted references, the latest edition of the refefenced document (including any amendments) applies.
ISO 2400, Non-destructive testing — Ultrasonic testing — Specification for calibration block N

ISO $577, Non-destructive testing — Ultrasonic testing — Vocabulary

ISO 7963, Non-destructive testing«— Ultrasonic testing — Specification for calibration block N

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

ISO 11971, Steel and iron castings — Visual testing of surface quality

ISO 16810, Non-destrtctive testing — Ultrasonic testing — General principles

ISO 16811, Nonzdestructive testing — Ultrasonic testing — Sensitivity and range setting

[SO (168272012, Non-destructive testing — Ultrasonic testing — Characterization an
discqntinuities

ISO ’2232 111 IAV,UII dCJtl MLtlIVC tCDtl‘lly CI’[MI uLtCl l‘LMtl‘Ull Mlld 4% l.j[l.bbitl.ull Uj“ul’l‘:l MDUI([‘L l‘:C.)l‘:C

Part 1: Instruments

1SO 22232-22), Non-destructive testing — Characterization and verification of ultrasonic test equipment —
Part 2: Probes

1SO 22232-33), Non-destructive testing — Characterization and verification of ultrasonic test equipment —

Part

3: Combined equipment

1) Under preparation. Stage at the time of publication: ISO/DIS 22322-1.

2) Under preparation. Stage at the time of publication: ISO/DIS 22322-2.

3) Under preparation. Stage at the time of publication: ISO/DIS 22322-3.

© IS0 2020 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5577, ISO 16810, ISO 16811,
ISO 16827 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
equivalen%eference discontinuity echo size

indication tjo be recorded during the assessment phase of an ultrasonic test, usually expressed gds an
equivalent liameter of a flat-bottomed hole (FBH)

3.2
point-like dliscontinuity
discontinuity, the dimensions of which are smaller than or equal to the sound-beamvdiameter

Note 1 to erjtry: Dimensions in this document relate to length, width and/or dimebsion in the throughjwall
direction.

3.3
extended discontinuity
discontinuity, the dimensions of which are larger than the sound-beam diameter

Note 1 to erftry: Dimensions in this document relate to length, width and/or dimension in the throughtwall
direction.

3.4
planar dis¢ontinuity
discontinuify having two measurable dimensions

3.5
volumetriq discontinuity
discontinuify having three measurable:dimensions

3.6
rim zone
1/3 the thrgpugh-wall thicknessfrom the surface with a maximum of 30 mm

3.7
special rim zone
outer rim zqne (3.6)%Dthe test object with special requirements

Note 1 to enllry: Examples of special requirements are machined surfaces, higher stresses and sealing surfages.

3.8
non-measurable discontinuity

dimension of the discontinuity that cannot be determined, non-measurable, by scanning (dB-drop) when
the dimension is smaller than the beam width, which depends on the probe size and the frequency used

Note 1 to entry: Current state of the industry is <3 mm.

3.9
production welding
any welding on the test object carried out during manufacturing before final delivery to the purchaser

3.10
joint welding
production welding used to assemble components together to obtain an integral unit

2 © IS0 2020 - All rights reserved
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3.11
finishing welding
production welding carried out in order to ensure the agreed quality of the casting

4 Requirements

4.1 Order information

The following information shall be available at the time of enquiry and order (see also ISO 16810):

a) fhe areas of the casting and the number or percentage of castings to which the requlirements of
1ltrasonic testing apply;

b) the acceptance levels to be applied to the various zones or areas of the casting;
c) requirements for a written test procedure;

d) whether there are any additional requirements for the test procedure, sée also 5.5.1.

4.2 | Extent of testing

The |casting shall be tested so that the agreed areas are covered (insofar as this is possihjle from the
shaple of the casting) by the use of the best applicable test te¢hnique.

For wall thicknesses greater than 600 mm, agreemerit shall be made between the pujpchaser and
manpufacturer on the acceptance levels, test procedurefand the recording of the test results

4.3 | Maximum acceptable size of discontinuities

4.3.1 General

The [purchaser shall specify the agcéptance level according to the required class for [planar and
volumetric discontinuities within each zone and in each specified area of the casting.

The wall section shall be divided‘into core and rim zones as shown in Figure 1. These sectiqns relate to
the gizes of castings ready for/assembly (finish-machined).

4.3.2 Indications without measurable dimensions

In special rim zgnes and at weld preparation ends, indications without measurable dimgensions are
limifed to a maxXimum number of indications.

Thege indications shall not exceed the limits given in Table 1.

4.3.] Indications with measurable dimensions

4.3.3.1 General

Single discontinuities extending into the rim zone and core zone shall be evaluated as rim zone.

4.3.3.2 Planar discontinuities
Planar discontinuities shall not exceed the limits given in Figure 2.

Discontinuities exceeding 3 mm FBH shall not be acceptable in class 1.

© IS0 2020 - All rights reserved 3
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The largest dimension of a discontinuity in the through-wall direction shall not exceed 10 % of the wall
thickness, except discontinuities with a length <10 mm. Discontinuities with a length <10 mm shall not
exceed a dimension in the through-wall direction of 25 % of the wall thickness.

The greatest distance between discontinuities, as criterion for evaluation as an individual discontinuity
or a discontinuity area in the through-wall direction or lateral to the surface, shall be 10 mm.

For a discontinuity with more than 3 mm in length and non-measurable dimension in the through-wall
direction, this non-measurable dimension shall be taken as 3 mm and the area shall be calculated as
follows:

A=3L 1)

where

A s the area of discontinuity, in square millimetres;
3 is the width taken, in millimetres;
L  isthelength, in millimetres.

The sizing of small planar discontinuities, as given in Figure 2, becomes more difficult with incregsing
beam-path Jength and sound-beam diameter. As a guide, these sizings)are normally applied to g rim
zone of 30 mm. This makes the use of probes with focused beams, such as dual-transducer pr¢bes,
necessary.

4.3.3.3 Vplumetric discontinuities

Volumetric discontinuities shall not exceed the sizes givén in Figure 3 for the rim zone and Figure # for
the core zone.

Indications|exceeding 3 mm FBH shall not be acceptable as class 1.

The maximlrm acceptable dimensions of discontinuity areas in the through-wall direction in the rim
zone shall e 15 % of the rim zone thi¢kness. The maximum acceptable dimensions of discontinuity
areas in thg through-wall direction imthe core zone shall be 15 % of the wall thickness.

The maximyim distance between-discontinuities, as a criterion for evaluation as an individual indicgtion
in the throygh-wall direction @r]ateral to the surface, shall be 10 mm in the rim zone and 20 mm i the
core zone.

For a discofjtinuity withimore than 3 mm in length and non-measurable dimension in the through{wall
direction, this non-ntedsurable dimension shall be taken as 3 mm and the area shall be calculatgd as
follows:

A=3L (2)

where

A  isthe area of discontinuity, in square millimetres;
3 isthe width taken, in millimetres;
L  isthelength, in millimetres.

Unless otherwise agreed at the time of enquiry and order, when conducting radiographic and ultrasonic
testing in combination it was proven that if a discontinuity indicated by radiographic testing is situated
in the core zone, the discontinuity is acceptable at one level lower, e.g. in class 3 instead of class 2 for
radiographic testing. For further information, see EN 1559-2.
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Ultrasonic testing shall be performed by qualified personnel. Qualification of personnel may be

aCcCo

4.5

rding to ISO 9712 or other equivalent recognised standards.

Wall-section zones

The wall section shall be divided into core and rim zones as shown in Figure 1. These sections relate to
the dimensions of the casting ready for assembly (finish-machined).

4.6

nnnnnn

If th

be clearly identified and shall include:

a)
b)
Clas

Unle
the 1

5

5.1
The

5.2

The

are
carr
thicl

The

If th
the f

testing has reduced performance. In this case, the diameter of the flat-bottomed or side-

whid
the 4

e purchaser specifies different classes in different areas of the same casting, all ofithesg

hll necessary dimensions for accurate location of zones;
the full extent of all weld preparations and the thickness of any special rim zone.
5 1 is only applied to weld preparations and special rim zones.

ss other requirements have been agreed at the time of acceptance of the order, for finis
equirements for the parent metal shall apply.

Testing

Principles

Material

suitability of material for ultrasonic testing is assessed by comparison with the ec}
ference reflector (usually the first back-wall echo) and the noise level. This assessm
ed out on selected castihg)areas which are representative of the surface finish and
kness range of the objects’'to be tested. The assessment areas shall have parallel surfacq

reference echo height according to Table 2 shall be at least 6 dB above the noise level.

e echo height,of’the smallest detectable flat-bottomed or equivalent side-drilled hole
ar end of the'test range to be assessed is less than 6 dB above the noise level, then th

h can.be detected with a signal-to-noise ratio of at least 6 dB shall be noted in the tesf
dditional procedure shall be agreed between the manufacturer and the purchaser.

principles of ultrasonic testing given in [S8:16810, ISO 16811 and ISO 16827 shall apply.

areas shall

hing welds,

10 height of
bnt shall be
of the total
S.

diameter at
b ultrasonic
drilled hole
report and

NOT

E For the definition of an adequate diameter of a Ilat-bottomed hole, the distance-gain-size system (DGS)

or a test block of identical material, heat treatment condition and section thickness containing flat-bottomed
holes with a diameter according to Table 2 or equivalent side-drilled holes, can be used. The following formula
can be used for converting a flat-bottomed hole diameter into an equivalent side-drilled hole diameter:

Doy =
SDH 29

4
4,935,

where

© IS0 2020 - All rights reserved
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is the side-drilled hole diameter, in millimetres;
is the flat-bottomed hole diameter, in millimetres;
is the wavelength, in millimetres;

is the path length, in millimetres.

Formula (3) is applicable for Dgpy = 24 and s 2 5 times the near-field length and is only defined for

single-elem
5.3 Test

5.3.1 Ult

The ultrasq

ent probes.

pquipment, coupling fluid, test sensitivity and resolution of detection

rasonic instrument

following clharacteristics:

a) range getting capability, from at least 10 mm to 2 m continuously selectable; for longitudinal
transverse waves transmitted in steel;

b) gain span, adjustable in 2 dB maximum steps over a range of at least80 dB with an accuracy of

c) time-bgse and vertical linearities less than 5 % of the adjustment range of the screen;

d) suitability, at least for nominal frequencies from 1 MHz up\to and including 6 MHz, in the p
echo tefhnique with single-transducer and dual-transducgr probes.

5.3.2 Prdbes and transducer frequencies

The probes|and transducer frequencies shall be as'given in [SO 22232-2, ISO 22232-2 and ISO 222

with the fol

a) nomingl frequencies shall be in the range’1 MHz to 6 MHz;

b) for oblijue incidence, angle-beam-probes with angles between 35° and 70° shall be used.
NOTE Nprmal-beam or angle-beam’probes can be used for the testing of steel castings for highly strg
components] The type of probe used.depends on the geometry of the casting and the type of discontinuity
detected.

For test zopes close to the surface, dual-element probes (normal-beam or angle-beam) shoul
preferred.

5.3.3 Checking-of the ultrasonic test equipment

The ultrasonic test equipment shall be checked regularly by the operator in accordance
[SO 22232-3.

lowing exceptions:

nic instrument shall meet the requirements given in ISO 22232-1 and, shall have

the

and

| dB;

1]se-

32-3

ssed
to be

d be

with

5.3.4 Coupling fluid

A coupling fluid in accordance with ISO 16810 shall be used. The coupling fluid shall wet the test surface
to ensure satisfactory sound transmission. The same coupling fluid shall be used for the calibration and
all subsequent test operations.

NOTE
surfaces.

The sound transmission can be checked by one or more stable back-wall echoes in areas with parallel

© IS0 2020 - All rights reserved
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The test sensitivity of the instrument shall allow at least the setting of the sensitivity in accordance
with the requirements of 5.5.2.

The resolution of detection of the instrument-probe combination shall meet the requirements of
Annex A.

5.4

Preparation of casting surfaces for testing

For the preparation of casting surfaces for ultrasonic testing, see ISO 16810.

The
With

rasting surfaces to be tested shall be such that satisfactory coupling with the probe ¢an’

single-element probes, satisfactory coupling can be achieved if the surfaces correspon

the limit comparator 4 S1 or 4 S2 according to ISO 11971.

The

For 1
may

5.5

5.5.]

Becd
of th
finig

If pq
shor
surf

Add
dual
depf]

a)
b)
‘)
d)

Finig

roughness of any machined surface used for testing shall be R, < 12,5 pm«

pecial test techniques, higher surface qualities such as 2 S1 or 2 S2{see ISO 11971) and
be necessary.

Test procedure

|  General

use the choice of both the direction of incidence@nd suitable probes largely depends g
e casting, or on the possible discontinuities in the casting or on the possible discontiy
hing welding, the applicable test procedure shall be specified by the manufacturer of th

ssible, the areas to be tested shall be fested from both sides. When testing from on
t-range resolving probes shall be used additionally for the detection of discontinuities
hce. Testing with dual-element probes is only adequate for wall thicknesses up to 50 mi

tionally, when not otherwise.agreed between the purchaser and the manufacturer, for
-element normal-beam andjor angle-beam probes shall be used to test the following a
h of 50 mm:

Critical areas, e.g. fillets, changes in cross-section, areas with external chills;

finishing welds;

weld prepdtation areas, as specified in the order;

specialirim zones, as specified in the order, critical for the performance of the casting.

Hing welds which are deeper than 50 mm shall be subject to supplementary testing

be achieved.

d at least to

R,<6,3 um

n the shape
luities from
e casting.

e side only,
close to the
n.

a1l castings,
reas up to a

with other

suit

Dle anglie-peam proboes.

For angle-beam probes with angles over 60°, the sound path shall not exceed 150 mm.

Complete coverage of all areas specified for testing shall be performed by carrying out systematically

over

lapping scans.

The scanning speed shall not exceed 150 mm/s.
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5.5.2 Range setting

Range setting on the ultrasonic instrument shall be carried out in accordance with ISO 16811, using

normal-bea

m or angle-beam probes in accordance with one of the three options given below:

a) with the calibration block No. 1 in accordance with ISO 2400, or block No. 2 in accordance with

ISO 7963;

b) with an alternative calibration block made in a material exhibiting similar acoustic properties to
those of the material to be tested;

c) on the casting itself when using normal-heam probhes The casting to he tested shall have parallel
surfaces, the distance between which shall be measured and recorded.

5.5.3 Sersitivity setting

5.5.3.1 Ggneral

Sensitivity $etting shall be carried out after range setting (see 5.5.2) in accordarnice with ISO 16811]0ne

of the follov

a)

Distand

ing two techniques shall be used:

e-amplitude correction curve technique (DAC)

The digtance-amplitude curve technique makes use of the eechovheights of a series of idenltical
reflectgrs (flat-bottomed holes (FBH) or side-drilled holes (SBH)), each reflector having a diffgrent
sound path.
NOTE Most commonly a frequency of 2 MHz and a diameter of 6 mm for the flat-bottomed holef are
most commonly used.

b) Distande-gain-size technique (DGS)
The digtance-gain-size technique makes use-of a series of theoretically derived curves which|link
the Soulf(ld path, the gain and the diametér of a disc-shaped reflector which is perpendicular t¢ the
beam akis.

5.5.3.2 Transfer correction

Transfer co

When calib
correction,
of the oppo
(used for c3
4S1or4S2
measureme

Frection shall be detérmined in accordance with ISO 16811.

consideration shall be given not only to the quality of the coupling surface but also to
site surfaceybecause the opposite surface also influences the height of the back-wall
libration).If the opposite surface is machined or complies at least to the limit compat
according to ISO 11971, this surface has a quality which is sufficient for transfer correg
nts.

ration blocks are-dsed, transfer correction can be necessary. When determining the transfer

that
ccho
ator
tion

5533 D

etection of discontinuities

For the detection of discontinuities, the gain shall be increased until the noise level becomes visible on
the screen (search sensitivity).

The echo heights of the flat-bottomed holes given in Table 2, or of the equivalent side-drilled holes, shall
be at least 40 % of the full screen height (FSH) at the end of the thickness range to be tested.

If, during testing, suspicion arises that the reduction of back-wall echo signal exceeds the recordable
value (see Table 3), testing shall be repeated using locally reduced test sensitivity and the reduction of
back-wall echo signal shall be determined quantitatively in decibels.

The sensitivity setting of angle-beam probes shall be such that the typical dynamic echo pattern of
these reflectors (see Figure 5) is clearly visible on the screen.

8 © IS0 2020 - All rights reserved
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It is recommended that the sensitivity setting of angle-beam probes is verified on real (not artificial)
planar discontinuities (cracks with dimensions in the through-wall direction) or on walls perpendicular
to the surface and infinite compared to the width of the sound beam.

Under these circumstances, the probe shoe should be contoured to fit to the contour of the casting

(see

[SO 16811).

5.5.4 Consideration of various types of indications

The following types of indications can occur separately or jointly during the testing of castings and
shall be observed and evaluated:

a)
b)

The
heig

5.5.%

5.5.!

Feductions of back-wall echo which is not due to the shape of the casting or the couplinyg
pchoes from discontinuities.

reduction of back-wall echo is expressed in decibels as the drop of the backswall echo
ht of the echo indication is given as the diameter of an equivalent flat-bottomed or side-
b Recording and recording limits

5.1 Reduction of back-wall echo

All

ack-wall echo reductions in excess of 12 dB (for a nominal test frequency of 2 M}

recorded. The back-wall echo reductions to be recorded shallbe marked on the test object an
as indication areas.

5.5.5.2 Echo indications from discontinuities

The fecording level of an echo indication is defined by its signal amplitude according to the

are

All ¢
sign
Dist

To id
test

Whe
trav
fors

Each
and

rence discontinuity.

cho indications from discontinuities with measurable dimensions shall be recorded
hl amplitude exceeds both the levels given in Table 3 and the criteria given in Figures 3

nction shall be made between the different types of indications given in Table 4.

entify the type of indication, the test sensitivity can be changed according to the distary
surface, the geometrical shape and the surface finish of the test surface.

n using transverse wave probes, irrespective of their amplitude, all indications w}
elling charactéristics or have an apparent dimension in the through-wall direction shall
ubsequentyassessment in accordance with 5.5.7.3.

location, where discontinuities to be recorded have been found, shall be marked on th
indicated in the test report. The location of reflection points shall be documented, e.g.

b,

height. The
drilled hole.

1z) shall be
d measured

signal from

|, when the
and 4.

ce from the

lich display
be recorded

b test object
by a sketch

haofao oo

orp

TOTUSTapTr:

5.5.6 Assessment of indications to be recorded

The locations where indications to be recorded have been found (see 5.5.5) shall be investigated more
closely with respect to their type, shape, size and position. This assessment can be achieved by altering
the ultrasonic test technique (e.g. changing the angle of incidence) or by additionally carrying out
radiographic testing.
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5.5.7 Characterization and sizing of discontinuities

5.5.7.1 General

For characterization and sizing of discontinuities, see ISO 16827.

The ultrasonic determination of the dimensions of a discontinuity with an accuracy sufficient
for engineering applications is only possible under certain preconditions (e.g. knowledge of the
discontinuity type, simple geometry of the discontinuity and optimum impact of the sound beam on the
discontinuity).

The charadterization of the type of discontinuities can be improved by using additional -s¢und

directions
of disconti

a) discont
b) discont

NOTE1 A
with or with

NOTE2 A
also gives in

For the det

sound-beam diameter as small as possible at the location of the diScontinuity.

5.5.7.2 Si
The boundd

reduced by

5.5.7.3 Si

The sizing
carried out

(see Figure

!

nd angles of incidence. For a simplification of the procedure, the following characterizat
uities can be made:

inuities without measurable dimensions (point-like discontinuities);

inuities with measurable dimensions (extended discontinuities).

but measurable dimensions.

hnex C gives information on types of discontinuities and on the defermination of their dimensio
ormation on range setting (see 5.5.2) and on sensitivity setting'(see 5.5.3).

ermination of the dimensions of discontinuities, it issxecommended to use probes w

zing of discontinuities mainly parallel to the test surface

6 dB (2 MHz probe) below the height of the undisturbed back-wall echo.

zing of discontinuities in the through-wall direction

of planar discontinuities. and their assessment in relation to specified classes sha
by probe movement in acecordance with 5.5.7.1, but in this case, the echo is reduced by 2
C.7 and C.9).

sion in the threugh-wall direction of the discontinuity shall be measured accordin

report

ort shall contain at least the following information:

ions

nnex B gives information on sound-beam diameters in order to distinguish-between discontinyities

ns. It

th a

ries of any discontinuity shall be defined by the perimeter line at which the echo amplifude
falls to 6 dBf below the last maximum or at whichsin the case of back-wall echo reduction, the ec

o is

I be
0 dB

g to

The dimen
Figure 6.
5.6 Test
The test rej]
a)

b)

c)

d) type of
e) probes
f)

g)

10

areference to this documenti.e. ISO 4992-2:2020;
characteristic data of the tested casting;

extent of testing;

test equipment used;

used;

the test technique with reference to the tested area (range setting);

all data necessary for sensitivity setting (calibration blocks);
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h) information on all characteristic features of discontinuities to be recorded (e.g. back-wall echo
reduction, position and dimension in the through-wall direction, length, area and equivalent flat-
bottomed hole diameter) and the descriptions of their position (sketch or photograph);

i) date of the testing and name and signature of the responsible person.

Table 1 — Acceptance levels for discontinuities without measurable dimensions in special rim
zones and weld preparation ends (scanned by normal-beam or angle-beam probes)

Acceptance limits°¢
for discontinuities in a frame
Smattestequivatent flat-bottomed or TOU mm x 100 mm
side-drilled hole diameter to be considered \
Class? number distance
max. npin.
FBHP SDHP
mm mm mm
1 15 3% 6 12
! (with -6 db on DAC)
2 15 30 12 10
’ (with -6 db on DAC)
3 2 3d 12 8
a  flass 1 generally applies to the complete wall thickness of weld prepdration ends. The class for special rifn zones shall

be specified by the purchaser.

b FBH = flat-bottomed hole, SDH = side-drilled hole.

¢ f the discontinuities are more than 15 mm apart, they are‘aeceptable, irrespective of their number.
d  Rpplicable to angle-beam probes (4 MHz, transducer diameter approx. 10 mm).

¢ A SDH of diameter 0,75 mm can be represented by a'SDH of diameter 3 mm, if the distance-amplitude corfection curve
of a $DH of diameter 3 mm is reduced by 50 %.

Table 2 < Ultrasonic testability requirements

Dimensions in millimetres

Smallest flat-bottomed
Wall thickness Tested area hole diameter detectable
according to 5.2
<100 — 2
>100 to <300 — 3
>300 to <600 — 4
Special rim zone, weld
_ ; 1,5
preparation ends

Fabte3—Recordingteves————————————————

Wall thickness Smallest equivalent Reduction of
flat-bottomed hole diameter | back-wall echo
mm mm min.
dB
<100
>100 to <300 3 12
>300 to <600
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Table 4 — Reference codes for types of indications

Reference code? Type of indication Figure
SDB Reduction of back-wall echo C2

11 Individual discontinuity without measurable dimension C.3,C4

1L Individual discontinuity with one measurable dimension C.4,C5
GIR Group of resolvable discontinuities C.6

11P/11 Freividaat-ciseontiniywith-Brvo-dimensions —
NII Numerous discontinuities without measurable dimensions C.8
NIP Nlumel_‘ous discontinuities with dimensions in the through-wall o9

direction
GIN Group of non-resolvable discontinuities C.10,C.11

a  For char

cterization of indications see ISO 16827:2012, Annex B.

a—_|

Key
rinj

corj

a) Flatcasting b) Curved casting

zone,

e zone

N

t/3

12

wall thickness

(max. 30 mm)

Figure 1 — Division of wall section into zones
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Key
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2 rlass 3
3 Class 4
4 flass 5
X  fistance{rom test surface, in millimetres
Y largestacceptable area of an individual discontinuity, in square millimetres

For further explanations, see Clause 4.3.3.7.

Figure 2 — Acceptance levels for individual planar discontinuities mainly orientated in the
through-wall direction (see also Figures C.8, C.9 and C.11) detected with angle-beam probes
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Key

1 class2
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X  shortest
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For further e

Figure 3
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O
N
— Recording and acceptance levels for volumetric discontinuities with measurab

5 in the rim zone (see also F?irres C.2, C.5 and C.10) detected with normal-beam pr
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Key
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Y1 pmallest discontinuity area to be recorded, in square millimetres
Y2 |argest acceptable individual discontinuity area\in square millimetres

For flirther explanations, see Clause 4.3.3.3.

Figure 4 — Recording and acceptance levels for volumetric discontinuities with measurable
dimensions in the core zone'(see also Figures C.2, C.5 and C.10) detected with normal-beam
probes
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YA
L
( %] %2 @
- = - 100 %
ST
Sl e
e
-~
10, 7% 7 .
S1
52
c¢) Wall s¢ction with continuous discontinuity d) Display for Figure 5 c)
Key
Y echo Height
d dimenfsion in the through-wall direction d = (s, - 5{) cos
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t thicknless
a angle of incidence
Figure § — Measurement of the dimension of discontinuities in the through-wall directioln
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a) Scanning position “A”

b) A-scan from scanning positi

in Figure'6/a)
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c) Scanning position “B”
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Figure 6 — Measurement of the dimension of discontinuities in the through-wall dirgction with
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Annex A
(normative)

Resolution of detection of the instrument-probe combination

The resolution of detection of the instrument-probe combination shall be assessed by measuring the
duration of the first back-wall echo using the 25 mm thick section of calibration block No. 1 according

to ISO 2400
the echo mg
in Table A.1

. The echo amplitude shall be set at 80 % to 100 % of full screen height and the durati
asured in millimetres of steel at a level of 10 % of the echo height. Typical values-are g

Table A.1 — Typical values of echo duration in steel

Frequency Echo duration
longitudinal waves (L) | transverse waves (T)
MHz mm mm
1 15 —
2or2,25 9
4 5
5 4 2,5

n of
iven

18
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(informative)

Sound-beam diameters

IS0 4992-2:2020(E)

This Annex provides information on sound-beam diameters in order to distinguish between
discontinuities with or without measurable dimensions.

A
Y 1
/ pd :
15¢
/ ?/ 3
4
L~
10 / % ]
7 /
5
’ N e T —17
4 e T 8
/ .
dl /Aj//Af/ 10
= _—— [ ——
1 = ———
0
0 100 200 300 400 500 X
Key
1 [ MHz L% 10 7 4MHzT,8x9
2 PMHzLy@ 10 8 2MHz T, 20 x 22
3 [MHz L, @24 9 4MHz L, @24
4 ZMHZ, 1,0 x9 10 5 MHZ, L, O 24
5 4MHz L, 010 11 4MHz T 20 x 22
6 2MHz L, ¢ 24
X  sound path, in millimetres
Y sound-beam diameter (-6 dB), in millimetres

Figure B.1 — Sound-beam diameters according to sound path and near-field length for
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Table B.1 — Near-field lengths of various probes

Near-field length in millimetres
'I(;I;ill?::sllizir (approximate values)

longitudinal waves (L) transverse waves (T)
mm 1 MHz 2 MHz 4 MHz 5 MHz 2 MHz 4 MHz

? 10 4,2 8,0 15,6 — — —

D 24 22,7 45 88 115 — —

8x9 — — — — 14 28

20 x 2 — — — — 75 150

The near-fi¢ld length and the sound-beam diameter can be calculated using the following forfaulad:

DZ
N=ﬁ [B.1)
Dp =£ B.2)
DC
where

N is the near-field length, in millimetres;

A isthe wavelength, in millimetres;

s isthe sound path, in millimetres;

is the transducer diameter, in millimetres;

Dy is the sound-beam diameter, in millimetres, along the sound path, where the drop of the sqund
prgssure perpendicular to the beamaxis is 6 dB.

20
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Annex C
(informative)

Types of indications generated by typical discontinuities

Figures C.1 to C.11 show how typical types of indications and their echo dynamics are linked to typical

types of discontinuities.

For {
a)
b)
‘)

he identification of the discontinuity type, the test sensitivities may be changed accordling to:
the distance between the test surface and the discontinuity;
the geometrical shape of the discontinuity;

the test surface finish.

© IS0 2020 - All rights reserved
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D
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-~ =
/
!
a) Probe positions on calibration block no. 2 b) Probe on test object
without discontinuities
A
— D
—
/
a
¢) Display for Figure C.1 b) d) Probe on test object
showing the average noise level with discontinuity

¢) Display for Figure C.1 d) f) Typical echo dynamic pattern
show]ng theecho of the discontinuity

Key
X  probe movement
Y echo height

a  As-castsurface.

Figure C.1 — Range setting and sensitivity setting of the ultrasonic instrument when scanning
with a dual-element angle-beam probe (4 MHz, 60° angle) to detect discontinuities with a
measurable dimension mainly orientated in the through-wall direction in the rim zone
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a) Probe positions b) Display with echo‘of discontinuities
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O
D
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hN
<
YA
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c¢) Back-wall echo drop
Key
AH feduction of back-wall echo
X  probe movement
Y  pcho height
Typi¢al indication:
Redyction ‘of-back-wall echo by more than 12 dB. Indications from discontinuities that are frequently invisible.
Origiln: Spongy shrinkage, gas holes, inclusions or large inclined discontinuity.

where
Dy is the sound-beam diameter;
Al is the dimension of the discontinuity.

Figure C.2 — Reduction of back-wall echo by more than 12 dB, measurable dimension
of a discontinuity
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Figure C.3 — Individual discontinuity without measurable dimensions
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Figure C.5 — Individual discontinuity with measurable dimensions: measurable length, non-
measurable width; measurable length, measurable width

26

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=810dc4c1b3c7d519a99bdf394af82d1f

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Requirements
	4.1 Order information
	4.2 Extent of testing
	4.3 Maximum acceptable size of discontinuities
	4.3.1 General
	4.3.2 Indications without measurable dimensions
	4.3.3 Indications with measurable dimensions
	4.4 Qualification of personnel
	4.5 Wall-section zones
	4.6 Classes
	5 Testing
	5.1 Principles
	5.2 Material
	5.3 Test equipment, coupling fluid, test sensitivity and resolution of detection
	5.3.1 Ultrasonic instrument
	5.3.2 Probes and transducer frequencies
	5.3.3 Checking of the ultrasonic test equipment
	5.3.4 Coupling fluid
	5.3.5 Test sensitivity and resolution of detection
	5.4 Preparation of casting surfaces for testing
	5.5 Test procedure
	5.5.1 General
	5.5.2 Range setting
	5.5.3 Sensitivity setting
	5.5.4 Consideration of various types of indications
	5.5.5 Recording and recording limits
	5.5.6 Assessment of indications to be recorded
	5.5.7 Characterization and sizing of discontinuities
	5.6 Test report
	Annex A (normative)  Resolution of detection of the instrument-probe combination
	Annex B (informative)  Sound-beam diameters
	Annex C (informative)  Types of indications generated by typical discontinuities
	Bibliography

