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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 work. ISO collaborates closely with the

International |
International §
The main tas
adopted by t

International §

Attention is d
rights. ISO sh|

ISO 4986 was

This second ¢

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Standards
he technical committees are circulated to the member bodies for votingPublication gs an

btandard requires approval by at least 75 % of the member bodies casting 3 vote.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 11, Steel castings.

dition cancels and replaces the first edition (ISO 4986:1992), which has been technically r¢vised.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=04c59e8e4abf5502bb9efe212b0a245f

ISO 4986:2010(E)

Introduction

This International Standard complements the general principles of magnetic particle inspection described in
ISO 9934-1 for the additional requirements of the foundry industry.

Magnetic particle inspection, as well as any other non-destructive examination, is part of a general or specific
assessment of the quality of the casting to be agreed between the purchaser and the manufacturer at the time
of acgeptance of the order.
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INTERNATIONAL STANDARD ISO 4

986:2010(E)

Steel castings — Magnetic particle inspection

1 Scope

This |
castin

It also
the di

This |

hternational Standard specifies a method for the magnetic particle inspection of ferro-nLagnetic steel

0s.

gives acceptance criteria through severity levels defined by the nature, the area‘and the
scontinuities present.

nternational Standard applies to all ferro-magnetic castings, independent.of'the moulding m

A stegl casting is considered to be ferro-magnetic if the magnetic induction is greater than 17

magn
This |
perce
2 N

The f
refere

btic field strength of 2,4 kA/m.

hternational Standard only applies to those areas of the castings specified for inspection,
ntage of castings to be inspected.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies.. Fof undated references, the latest edition of th

document (including any amendments) applies.

ISO 3
ISO 4
ISO 9

ISO 9

3 C

Subje

D59, Non-destructive testing —.Penetrant testing and magnetic particle testing — Viewing
D90, Steel castings — General technical delivery requirements
V12, Non-destructive_testing — Qualification and certification of personnel

D34-1, Non-destructive testing — Magnetic particle testing — Part 1: General principles

)rdering information

ct-t0 agreement between the manufacturer and the purchaser, enquiries and purcha

Himensions of

ethod.

(Tesla) for a

as well as the

ht. For dated
e referenced

tonditions

se orders for

castings requiring magnetic particle inspection should include the following information.

The areas of the castings and the percentage of the castings to be inspected shall be indicated in the enquiry.

The manufacturing stage(s), when magnetic particle inspection(s) is (are) to be performed, shall be defined by
agreement between the manufacturer and the purchaser.

The sensitivity can differ depending on the method of magnetic particle inspection selected. Hence the
required severity levels and the method shall be agreed between the manufacturer and the purchaser.
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The order shall be subject to an agreement between the manufacturer and the purchaser and shall specify at
least the following points:

the qualification or certification of the operators who will carry out the inspection (see 4.2);

the required surface finish of the areas to be inspected (see 4.3);

It is recommended that the assessment of surface finish be carried out using a visual cast surface roughness
comparator rather than an instrumental method (see Annex A).

if inspection is to be performed in only one direction (see 4.1);

the meth

whether
residual f

For each areq

the type

NOTE The

For the classi

The indication
are included f

4 Method

41 Opera

The operating
Clause 3), it
perpendicular

When the dirg
into account t

NOTE The

bd to be used (type of detection media);

br not the casting is to be demagnetized after inspection has been performed_(viz. ma
eld strength values).

of the casting to be inspected (see Clauses 5 and 6):

bf discontinuity;

the seveljity level.

e type of discontinuity and the severity level can vary depending on the area of the casting inspected.

ication, reference shall be made to the severity levels@efined in Tables 1 and 2 (see 6.1).

br convenience only. In the event of a dispute;,\reference shall be made to the tables.

of inspection

ing mode

mode shall be agreed between the purchaser and the supplier. Unless otherwise specifie
is necessary to cafry ‘out an inspection by magnetizing sequentially in two dirg
to each other (see SO 9934-1).

ction of stress)is’known, the inspection may be performed in one direction only, in order t
ne most detrimental discontinuity.

e magnetic'images need not necessarily correspond to discontinuities as pseudo-defects can appear

4.2 Qualification of the operators

imum

s resulting from an inspection can be comparedtto the reference figures. The reference figures

d (see
ctions

D take

Inspection shall be performed by personnel qualified in accordance with ISO 9712 or by a certification scheme
which is considered to be equivalent. The qualification level of the personnel shall be agreed between the

manufacturer

and the purchaser by the time of acceptance of the order.

4.3 Surface preparation

The surface to be inspected shall be clean and free from oil, grease, sand, scale, moulding and coating
residues, or any other contaminant which can interfere with the correct implementation and interpretation of
the magnetic-inspection test results. For small indications, it may be necessary to improve the surface; some

guidance for t

he surface is given in Annex A.
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The surface may be either shot blasted with round or angular shot, or sand blasted, or ground or machined so
that the smallest relevant indication required can be evaluated.

The surface to be inspected may be painted to provide a contrast before inspection (see ISO 9934-1).

4.4

Conditions of inspection

The inspection shall be carried out with the naked eye or at a maximum magnification of 3x and under viewing
conditions in accordance with ISO 3059.

5 Acceptance criteria

5.1

51.1

Thed

Definition of magnetic-inspection indications

General

The distinction between the discontinuity indications is made depending.on the ratio of the Ig
indication to its width 7, in the manner described in 5.1.2 and 5.1.3.

5.1.2

Non-linear indications (SM)

The indications are considered to be non-linear when the length L is smaller than three times
Indicaftions are considered to be aligned when the distance®etween non-linear indications is le

and a
and it

The s

5.1.3

least three indications are aligned. An alignment of indications is considered to be a uni
b length is equal to the overall length L of the alignment.

mbol for non-linear indications is SM (S for surface and M for magnetic particle).

Linear indications (LM)

The indications are considered to be linear when the length L is greater than or equal to three times

The s

mbol for linear indications js LM (L for linear and M for magnetic particle).

Indicaftions are consideredo be aligned when the distance bewteen two linear indications is sn
length L of the longesttindication. An alignment of indications is considered to be a unique ind
length is equal to the averall length L of the alignment.

5.2

5.21

Severity-levels

General

scontinuity indications revealed by the magnetic particle inspection canChave different shapes and sizes.

ngth L of the

the width .
5s than 2 mm
ue indication

5 the width 7.

aller than the
cation and its

The severity levels are designed as a reference scale and are defined depending on the types of indications.

5.2.2

For th

Non-linear indications

e non-linear indications, the severity levels (see Table 1) are defined by

— the length (largest dimension) L, of the smallest indication to be taken into account, and

— the maximum length L, of the indications.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=04c59e8e4abf5502bb9efe212b0a245f

ISO 4986:20

10(E)

5.2.3 Linear and aligned indications

5.2.3.1

For the linear

General

and aligned indications, the severity levels (see Table 2) are defined by

— the length (largest dimension) L of the smallest indication to be taken into account,

— the maximum length L, of the linear and aligned indications, and

— the sum of the lengths of the linear and aligned indications exceeding the length £ in the frame

measurin

5.2.3.2 Se
Three section|

a:tr<16

b: 16 mmnj

where ¢ is the

5.24 Selec
The severity
figures given
examples. Th
format A10.
Table 1 and A
Table 2 and A

The severity |

considered equivalent as regards inspection severity. The severity criteria and the severity levels can

from one part

The choice of]

c: t> 50 mm;

g 105 mm x 148 mm.

ction thickness type

thickness types are specified (see Table 2):
mm;

<t <50 mm;

section thickness.

ion of the severity level
evels shall be selected from Tables 1 andfor 2 in conjunction with, if necessary, the refé
in Annexes B and C. The reference. figures are drawn to a scale of 1:1 and are giV
e largest non-relevant indication is shown in a 26 mm x 37 mm frame corresponding to th
nnex B correspond to non-lingar (SM) indications (isolated).

nnex C correspond tofdinear (LM) indications and aligned (AM) indications?).

bvels cannot be considered in the same progression from Table 1 to Table 2. They should

of a casting.te_another.

the reference figure depends on the section thickness type.

5.2.5 Desigpation of severity levels

rence
en as
e ISO

not be
differ

The requirements in the order or in the specifications shall conform to the terminology used in this
International Standard.

Examples of correct terminology are given below:

non-linea

r indications, level 2: SM 2 (see 5.1.2);

linear and aligned indications, level 5: LM 5 (see 5.1.3).

1)

It should be noted that several equivalent severity levels defined in Table 2 are represented by the same reference figure.

In certain cases, the equivalence of the figure is only approximate because of slight differences in the parameters in Table 2.

© 1SO 2010 — All rights reserved
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6 Classification of the indications and interpretation of results

6.1

6.1.1

Classification of the indications using Tables 1 and 2

General

In order to classify a discontinuity indication, it is necessary to place a 105 mm x 148 mm frame in the most
unfavourable location, i.e. showing the greatest severity for discontinuities.

Dema

gnetization can be necessary for special applications and before carrying out a retest.

6.1.2
Only t
The Ig

The |4

6.1.3

The lg
requir
frame
The s
The |4

The le
result

6.2

The ¢
is equ
worse
Stand

NOTE
of the

7 (

Non-linear indications
hose indications with a length greater than L, shall be taken into account (see Table|1).
ngth of these indications shall be measured.

vel of the SM indications shall be established using Table 1.

Linear and aligned indications
ngth L of the isolated indications greater than the minimur)’length taken into account, d
bd severity level, shall be measured. The sum of the indications included in the 105
shall be calculated.
pction thickness ¢ at the inspection location shall be"measured.

vel of the LM and AM indications shall be established using Table 2.

ngths of the linear and aligned indicationsgreater than the minimum length shall be sumr]
shall be compared to the “cumulative’length specified in Table 2.

Interpretation of results

bsting shall be considered to conform with this International Standard when the observed
al to or better than that\specified in the order. If, for any indication type, the observed sg
than that specified‘in the order, the casting shall be considered not to conform with this
ard.

Non-linear.indications, as well as linear and aligned indications, can appear simultaneously or
casting.

leaning after examination and demagnetization

efined by the
nm x 148 mm

nated and the

severity level
verity level is
International

the same part

Parts shall be cleaned after examination.

8 Inspection documents

When an inspection document is specified in the enquiry and the order, it shall contain at least the following
information:

— information on the manufacturer;

— information on the purchaser (including the order number);

© 1SO 2010 — All rights reserved
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— the casting designation;
— the date and place of inspection;

— the traceability identification;

and also, as applicable, any of the following:

— areference to this International Standard for the acceptance criteria;

— the position of the inspection stage in the manufacturing process;

— the surfage finish;

— the inspection method;
— the equigment used,;

— the magnetization used;

— the testing materials used;

— the criterfa required in accordance with this International Standard,;

— the refergnce to the specification;

— the resulfs (description and location);

— the cartography of the significant indications;

— the decisjon taken after the interpretation of results;

— the elements required in ISO 4990 [type of document, signature(s) of the authorized persons according to

the type ¢f document];

— the namdg and the signature of the naen-destructive testing operator and his certification or qualification.

A model of a bilingual inspection‘decument is shown in Annex D.

Table 1 —[Severity levels for magnetic particle inspection — Non-linear (SM) indications (isolafed)

Characteristic

Severity levels

smoot1 | smo1 | sm1 | sm2 | sm3 | swa | spys
\ . e .
|nSpeCt|0n mU 1o IIIGSII;:’;IH HIGOO eye
ye

Magnification for observation of penetrant <3 1
indication =
Leng.th L4 of.the §mallest indication to be 0.3 15 2 3 5 5
considered, in millimetres
Maximum number of non-linear indications . . 8 8 12 20 32
allowed
M'a)'qmum individual length L, allowed, in 0 1 38 62 ga 140 2qa
millimetres

a8 A maximum number of two indications of the designated dimension are permitted.

© 1SO 2010 — All rights reserved
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Table 2 — Severity levels for magnetic particle inspection — Linear (LM) and aligned (AM) indications

Severity levels

NOTE|2 The sensitivity can differ depending on the method of magnetic particle inspection selected.

Characteristic LM001 | LMO1 | LM1 | LM2 | LM3 | LM4 | LM5
AM 001 | AMO1 AM 1 AM 2 AM 3 AM 4 AM 5
Inspection means magnifying glass eye
or eye
Magpnification for observation of magnetic particle <3 1
indication =
Length L4 of the smallest indication to be
consigered;immittimretres 0.3 15 2 3 ° 5
Acceftable indications?
Indiviqual (1) or total (T) length lorT I T ! T ! 5 I T : T
section thickness

type a 0 1 24|46 |(B110|10]18 |18 ]| 25
Maxinmpum length L, of t <16 mm
linear|(LM) and aligned section thickness
(AM) indications allowed type b 0 1 3|6 & 12|09 |18|18|27]|27]40
deper]ding on the section

; . 16 mm << 50 mm

thickngss ¢, in
millimgtres® section thickness

type c 0 2 5/1M0 |10 (20 (15|30 | 30|45 |45 (70

t>50 mm

NOTE|1 Only values expressed in this table are valid. Reference figures-are for information only (see Annex C).

a8  AJmaximum number of two indications of the designated maximum dimension are permitted.

b Np functional relationship exists between each typerof section thickness and maximum crack length, relative
mechgnics study. However, this table is a useful guide where no relevant fracture-mechanics parameters currently exist|

—-

o a fracture-

© 1SO 2010 — All rights reserved
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Annex A
(informative)

Recommended surface finish for magnetic particle inspection

Table A.1 — Recommended surface finish for magnetic particle inspection

Dimension of smallest indication Visual/tactile comparators?
mm BNIF® SCRATAP
0,3 2/0S2 —
03 3/081 - 2/0S1 o
1/0S2
03 2/0S1 - 1/081 .
’ 182-282
15 181-281 .
’ 382-482
2 2S1-351 A2
4852-582 H2
3 unspecified (rough surface) A ?_I'?"A‘ 4
a8  Two visual/factile comparators are currently used (see ISO 11971):
— SCRATA comparators for the definition of surface quality of Steel castings, available from Castings Technology Interngtional,
Advanced WManufacturing Park, Brunel Way, Rotherham, S60 5\WW.G, United Kingdom;
—  BNIA 359, Recommandation technique du Bureau.de  Normalisation des Industries de la Fonderie. Caractérisation d'états de
surface dds piéces moulées — Utilisation des échantillohs types de 110 mm x 160 mm, available from Editions Techniques des
Industries fle la Fonderie, 44 avenue de la Division Leelerc, 92310 Sévres, France.
b See Annex|B.
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Annex B
(informative)

Reference figures — Non-linear indications (SM)

All reference figures shown in this annex are for guidance only. They are drawn and shall be used at a scale
of 1:1.

a) Maximum size allowed for a non-relevant indication for.severity level SM 1

b) Severity level SM 1

Figure B.1 — Severity level SM 1

© 1SO 2010 — All rights reserved 9
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a) Maximum size allowed for a non-relevant indication for severity level SM 2

b) Severity level SM 2

Figure B.2 — Severity level SM 2

10 © 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level SM 3

& 4 &

A e

b) Severity level SM 3

Figure B.3 — Severity level SM 3

© 1SO 2010 — All rights reserved 11
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12

a) Maximum size allowed for a non-relevant indication for severity level SM 4

L L3

u‘ "

b) Severity level SM 4

Figure B.4 — Severity level SM 4

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=04c59e8e4abf5502bb9efe212b0a245f

ISO 4986:2010(E)

a) Maximum size allowed for a non-relevant indication for severity level SM 5

¥
¥
¥,

b) Severity level SM 5

Figure B.5 — Severity level SM 5

© 1SO 2010 — All rights reserved 13
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Annex C
(informative)

Reference figures — Linear (LM) and aligned (AM) indications

All reference figures shown in this annex are for guidance only. They are drawn and shall be used at a scale
of 1:1.

a) Maximum size allowed for a non-relevant indication for severity level’lLlM 1a or AM 1a

b) Severity level LM 1a or AM 1a

Figure C.1 — Severity level LM 1a or AM 1a

14 © 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 2a or AM 2a

b) Severity level LM 2a or AM 2a

Figure C.2 — Severity level LM 2a or AM 2a

© 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 3a or AM 3a

b) Severity level LM 3a or AM 3a

Figure C.3 — Severity level LM 3a or AM 3a

16 © 1SO 2010 — All rights reserved
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ISO 4986:2010(E)

b) Severity level LM 4a or AM 4a

Figure C.4 — Severity level LM 4a or AM 4a

© 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 5a or AM 5a

b) Severity level LM 5a or AM 5a

Figure C.5 — Severity level LM 5a or AM 5a

18 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=04c59e8e4abf5502bb9efe212b0a245f

ISO 4986:2010(E)

a) Maximum size allowed for a non-relevant indication for severity level LM 1b or AM 1b

b) Severity level LM 1b or AM 1b

Figure C.6 — Severity level LM 1b or AM 1b

© 1SO 2010 — All rights reserved
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20

a) Maximum size allowed for a non-relevant indication for severity level LM 2b or AM 2b

b) Severity level LM 2b or AM 2b

Figure C.7 — Severity level LM 2b or AM 2b

© 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 3b or AM 3b

b) Severity level LM 3b or AM 3b

Figure C.8 — Severity level LM 3b or AM 3b

© 1SO 2010 — All rights reserved 21
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a) Maximum size allowed for a non-relevant indication for severity level LM 4b or AM 4b

b) Severity level LM 4b or AM 4b

Figure C.9 — Severity level LM 4b or AM 4b

22 © 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 5b or AM 5b

b) Severity level LM 5b or AM 5b

Figure C.10 — Severity level LM 5b or AM 5b

© 1SO 2010 — All rights reserved
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a) Maximum size allowed for a non-relevant indication for severity level LM 1c or AM 1¢c

b) Severity level LM 1c or AM 1c

Figure C.11 — Severity level LM 1c or AM 1c
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