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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Non-destructive testing — Metal magnetic memory —

Part 1:
Vocabulary and general requirements
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Scope

5 document specifies terms and definitions for non-destructive testing (NDT) bythe te
al magnetic memory (MMM) as well as general requirements for application of thistechr
rnetic testing method.

rature of non-destructive testing, using the metal magnetic memory technique.
5 NDT technique has the following objectives:

determination of the heterogeneity of the magneto-mechanical state of ferromagne
detection of defect concentration and boundaries of metal microstructure heterogeneity

determination of locations with magnetic stray field aberrations for further micr
analysis and/or non-destructive testing and evaluation;

early diagnostics of fatigue damage of the inspected object and evaluation of its structur
quick sorting of new and used inspection objects by their magnetic heterogeneity for furt

efficiency improvement of non-destructive testing by combining metal magnetic mem
with other NDT methods or techniqués (ultrasonic testing, x-ray, etc.) by fast detection
probable defect locations;

quality control of welded jeints of various types and their embodiment (including conta
welding). See ISO 244974 for details of this application.

Normative reférences

following decuments are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated reférences, the latest edition of the referenced document (including any amendmen

9712y Non-destructive testing — Qualification and certification of NDT personnel
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[SO 24497-2, Non-destructive testing®— Metal magnetic memory — Part 2: Testing of welded joints

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 18173 and the
following apply.

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

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31

metal magnetic memory

MMM

magnetic state of a ferromagnetic object, depending on how the field has changed in the past and a
consequence of the magneto-mechanical hysteresis of the material

Note 1 to entry: For a given magnetic field (e.g. the magnetic field of the earth), a ferromagnetic object formed
in the course of its fabrication or in operation changes its residual magnetization due to diverse environmental
factors which influence the magnetic domain distributionl35] (e.g. temperature, mechanical loads[eIlL0I[17] or
microstructural changes of the material).

3.2
magnetic $tray field
SF
magnetic fleld that leaves or enters the surface of a part without intentional magnetization.6f'that gart

Note 1 to erftry: A ferromagnetic material produces magnetic fields both within its own volumeéyand in the space
around it. The field generated by the magnetization distribution of the material itself is knewh as the stray field
outside the|body or as the demagnetizing field within it. Demagnetizing fields and stray fields are geomptry
dependent hnd arise whenever the magnetization is non-uniform or has a compénent normal to extefrnal
or internal purfaces(4¢l, High local changes of the stray field - similar to magnetié¢-flux leakage - can indikate
heterogeneity of material properties.

Note 2 to eptry: Other terms that have been used in literature are, for example, self-magnetic leakage fjeld,
residual mdgnetic field, surface magnetic field, magnetic leakage field, magnetic field density or surface fjeld.
Stray field is the recommended term for passive magnetic field measurements when used for non-destrudtive
testing purposes, whereas magnetic flux leakage defines a magneticiflux intentionally amplified due to extefnal
sources befpre or during testing.

3.3

metal magnetic memory testing
MMM testjng

technique [of the magnetic testing method in NDT based on the measurement and analysis of|the
magnetic stray field (3.2) distribution on the-surface of inspected objects (I0s) without intenti¢gnal
(active) mgdgnetization

Note 1 to enftry: Magnetic field sensitive probes are used to measure the stray field distribution

3.4
stray field vector
Hgg,;
magnitude|in direction i (i57%,y, z) of the magnetic field of the inspected object surface determined by
passive mdgnetic field sehsing

3.5
stray field indication
SFI
any deviatjomfrom SF (stray field) uniformity caused by high mechanical stress/strain gradientp as
sources of [ocal stray fieldsoHIIE ]

Note 1 to entry: An SFI is also formed at positions with local magnetic permeability changes, which can be
caused by defect concentrations (e.g. cracks, pitting corrosion), boundaries of strong heterogeneities in the metal
microstructure, impurities, abrupt geometry changes[241[251[571[60] internal and external surfacesl4®], separation
of the inspection objects body, irreversible deformations (with high dislocation densities) and changes of the
chemical compositions (e.g. depositing or leaching).

Note 2 to entry: An SFI is not necessary a defect indication and requires interpretation to determine its relevance;

see also Annex A. SFI replaces the term stress concentration zone (SCZ) as used before this revision. It is
recommended to use SCZ only for locations where mechanical stress is concentrated (e.g. sharp corners, crack tips).

2 © IS0 2020 - All rights reserved
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3.6

stray field gradient

KSF . . . . .y .

change in stray field magnitude with respect to change of sensor position and/or change of time, t, for
the same sensor position

Note 1 to entry: The stray field gradient, Kls;, is calculated according to Formulae (2) and/or (3).

3.7

median stray field gradient
Kmed

medlian slope of SF along and/or between measuring line(s) calculated according to Formula|(4)

Note¢ 1 to entry: It is related to the shape anisotropy of the 10 and its magnetic polarization. lfithe'm3gnetization
statp of initial operating state of the 10 is unknown, the median gradient provides an estimation of the proper
statp of the I0. In particular, the normal SF component shows frequently a characteristie|curve betwgen positive
and|negative values.

Not¢ 2 to entry: Changes of the median gradient between periodic (At, time-dépéndent) measurgments and/
or changes between working conditions of the 10, e.g. the in-service state and'without operation lpads can be
relafed to magneto-mechanical effects.

3.8
magnetic index
m/
ratipn of the local SFI gradient to the median SFI gradient for evaluation of the SFI, adcording to

Formula (6)

3.9
distance between neighbouring scanning lines
Ay
distlance between the centre points of the sensors in the head and/or distance between two adjacent
megsurement lines

Not¢ 1 to entry: This distance affects thie gtray field gradient (3.6), Kis;.

3.19
dis¢rete sampling distancelin the scanning line
Ax
disfance between two adjacent measuring points of the magnitude or components of the stray field

Not¢ 1 to entry: This-saipling distance affects the stray field gradient (3.6), K ;.

3.11
magnetic stray field diagram
graph displaying the stray field distribution and/or stray field gradient (3.6) and/or median stray field
graglient (3.7) versus the scanning path

3.12
lift-off
distance between surface of 10 and centre of the magnetic probe’s sensing area/volume

Note 1 to entry: A small lift-off is essential for the reliability of SFI evaluation.

4 General requirements

4.1 The MMM technique is based on measurement and analysis of the SF distribution of ferromagnetic
objects. The magnetization can reflect the microstructural and technological past and load history of
ferromagnetic metallic components, including welded joints. SFs generated by the residual magnetization

© IS0 2020 - All rights reserved 3
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formed in magnetic fields during the process of the fabrication and the service life time of the 10 shall be
used during testing.

4.2 The MMM technique enables the detection of SFIs and gives recommendations for additional non-
destructive testing of vessels, pipelines, equipment (e.g. steam generators, turbines, heat exchangers,
rails), and construction welded joints. ISO 24497-2 shall be applied for testing of welded joints.

NOTE

forming, thermal treatment, etc.).

SFIs of 10s are conditioned by the fabrication technology (fusion, forging, rolling, turning, press

4.3 Und
ferromagn

NOTE )
transforma

4.4 The femperature range during MMM testing shall be within the normal and safeworking range

the operat

5 Requ

5.1 Equi
as well as
service sta

5.2  Surfd
reduce sen
non-magne
verified ex]

5.3 Limi

de-ma

interes
tempe

Sensoy

5.4 Stroy
should be t

T Certai conattions the MMV techique cam be used oI MoN-Magnetic 103, partcutarty
etic phase is present (e.g. metastable austenitic steels, mill scale, coatings).

ion[18], The evaluation of SFs is restricted to the ferromagnetic phase.

r (NDT inspector).

irements for the inspected object

bment and structures (10s) should be inspected by MMMvin in-service state (under Ig

e of the 10 should be determined.

ce dressing and preparation are not required\ [t is recommended to remove insulatio
sor to surface lift-off to gain reliability and avoid SFI from the insulation. In particular ca
tic insulation can be allowed during inspection. Any permissible insulation layer shal
perimentally. The results shall be attached to the test report.

ing factors for the application off MMM testing are the following:

bnetization and intentionalemagnetization of the 10;

t;
rature changes.can influence the test results (e.g. at Curie temperature);

to 10 surfacé.distance (lift-off) and its changes during the measurement.

g temperature changes in the I0 cause changes of the thermoremanent magnetization
aken Into account during processing of the inspection results.

if a

letastable austenitic steels can be inspected if their microstructure is sensitive to <y a phase

for

ad)

n the maintenance state (after removal of operating loads). If possible, the initial magnetic

N to
ses,

foreigm external (electro-)magnétic fields near to the inspected object, near the inspected region of

and

5.5 Sources of SFI along the IO are the following:

shape and geometry of the 10 (geometry changes and the edges of the 10) are sources of SF and have

to be considered, because surface geometry are sources of strong local stray and demagnetizing
fieldsl241L25]146][60];

hetero

high mechanical stress gradients;
boundaries of heterogeneous plastic deformation;

changes in the microstructure;

geneous magnetic fields close to the tested area;

© IS0 2020 - All rights rese
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foreign ferromagnetic material on the inspected object and near the region of interest;
local “artificial” magnetization, induced due to former magnetic fields;

second phase particles with different magnetic properties;

temperature changes.

the above sources can influence the evaluation of an SFI and should be taken into account for SFI

assessment.

6

6.1

Requirements for the test equipment

The operation principle shall be based on sensitive magnetic sensors detecting the SF of the

neaf-surface area of the 10. Magnetic-sensitive probes (e.g. fluxgate transducers) in' magneftometer or

gra

6.2
dat

liometer configuration can be used.

MMM instruments shall have a display of the testing parameters, amicroprocessor based digital
W acquisition and storage and a position encoded movement of thé-sénsors. An externa] computer

intgrface shall enable external data storage, retrieving and display of tesults. External evaluatign software

sho

6.3
sho

uld be provided together with the instrument.

The sensor type and sensing size is determined by the specific inspection tasks. The lequipment
uld have at least two measurement channels, one for,the'SF measurement at the 10 and the other for

conjpensation of influences of external magnetic fields, /. The sensor type and setup (e.g. gradiometer/

magnetometer) shall be documented in the test report:

6.4
sen
acq

6.5

6.6

©IS

The sensor shall be manipulated by a scapher and a position encoder shall determing the actual
Sor position during the scanning path. On an 10, where it is difficult to use a scanner, it is|allowed to
lire real-time data.

The following factors influence.the SF measurements:
sensor lift-off from the I0-surface;
sensor sampling rate-along the 10 surface;
sensor sensitivitys
sensor size;
alignmenb of the sensor sensitive direction in relation to 10;

rogation of the sensors in relation to external field sources (e.g. magnetic field of the earfh).

MMM instruments shall fulfil at least the following minimum requirements:

the relative error of the measured magnitude of the magnetic SF for each sensor shall be less
than +5 %;

the range of sensor sensitivity should be in the order of 1 nT/V(Hz) to 100 uT/V(Hz);
the relative error of the length measurement shall be less than +5 %;

the measurement range of the sensors shall not be less than *1 000 A/m at a resolution of at
least 1 A/m;

the sampling distance (distance between the two adjacent measurement points) shall be in the
order of the sensor size and according to the test procedure;

02020 - All rights reserved 5
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NOTE The sampling size affects SF gradients and SFI detection and evaluation (see 7.2).
— the overall electronic noise level generated by sensors and system shall be less than +5 A/m;

— inspection tools shall be operable at temperatures from -20 °C to +60 °C.

7 Preparation for testing

7.1 The preparation procedure shall contain the following basic stages:

— analys[s of the technical documentation of the 10 and preparation of the 10 chart (Inspection glan,
prepatjation of 10 logfile);

— selectipn of sensors and equipment;
— prepaifation of a written procedure for this testing;
— setting and calibration of instruments and sensors according to the written imstruction;

— segmeptation of the 10 into individual inspection areas and inspection umits-and their indicatiopn in
the 10 Jogfile.

7.2 The analysis of technical documentation of the inspected objectdncludes the following:
— information about the steel grades and the dimensions and positions of the selected inspection arpas;
— analysjs of the I0 operation modes and reasons of possibléfailures (damages);
— surfacg condition of the 10 (e.g. mill scale, polished, corrosion, paint);

— geomefry of the 10, design and locations of welded joints.

8 Test procedure

8.1 The magnetization of the inspection object is generally unknown. The three Cartesian compongnts
of the SF s;r;ll be measured along the.lO surface by continuous or discrete scanning with the instrunent
sensors. If possible, the sensor alignment shall coincide Cartesian with the scanning direction. Otherwise,
this shall bp documented in the test report.

The 10 position in relationto‘external magnetic field shall not be changed during the measurement. [The
surface of the test objectshall be covered with a dense network of measurement lines. The positions With
extreme H{p; changes o1 the 10 surface shall be determined and registered by the measurement system.

The modulps of the resulting field, ||Hgg|| in A/m, is calculated in accordance with Formula (1):

”HSF ”_ \//”gr X + ng Y + ng Z (1)

where

Hgg and Hgg - are two mutually perpendicular tangential components; and
Hgg, is the normal component of the SF in relation to the 10 surface.

If one of the tangential components of the SF is hardly different from the external field (e.g. the magnetic
field of the earth) or is close to zero for the whole measurement line, 2-dimensional discontinuities
(e.g. cracks) orthogonal to this direction can hardly be detected.

NOTE The rotation of the 10 in the Earth’s magnetic field can provide a remedy for zero tangential SF values.

6 © IS0 2020 - All rights reserved
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If the dominant SF direction of the 10 is not parallel to the measurement line, the measurement shall be
repeated along this direction. Otherwise, the subsequent evaluation steps shall be calculated between
the measuring lines and along the principal direction of the (internal) field after the change of basis.
The rotation of the SF direction between periodic measurements can indicate magneto-mechanical
effects.

If the 10 in operation is part of a magnetic circuit (in contact with other ferromagnetic objects) and is
removed for inspection, additional demagnetization fields in the 10 are enabled. If the 10 is removed
from its operation position, the magnetic fields in operation position as well as in inspection position
shall be determined and documented in the test report.

8.2| For qualitative assessment of a SFIs, the gradient, K/g; in A/m?, indicating the changes'ofjmagnitude
of the magnetic stray field HgplZI161[191[22][24][46] in the direction j (j = x),z) shall be\detprmined in
accprdance with Formula (2):

j _|A[Hg] @
SF Ad
or separately for each magnetic field component, i (i = x,),z), in accordance/with Formula (3)
KéF,i = |AIZS;I| (3)
whgre
AHgg;  is the difference of the Hg; field betweentwo adjacent scanning points;
Ad is the distance between these adjacént points [in the scanning line (Ad = Ax) or|between

neighbouring lines (Ad = Ay)];
i is the magnetic field compehent, Hgg;, (i = x,y,z), for which the gradient is calculated;
Jj is the spatial direction, (j = x,y,z), for which the gradient is calculated.

The gradient shall be calculatédiin both in-plane (x,y) directions of the 10 for all measurefl magnetic
field components (x,,z).

K(t+At)sg;  values shall be compared to previous (time, t) measurement results K(t)sg; |f possible.
8.3| High Kigg;¥alues of the normal and/or tangential components are SFlIs. The median valye, K04 sk

of Il normal_and tangential components of the field shall be calculated for all SFIs revedled on the
inspected object. Evaluation of edge effects and geometry changes should be avoided, for both Kigg; and

K {4 imA/m? [see Formula (4)]
j —mediandkl
KL =medion el @)

8.4 Intersections of the normal SF component with the median slope of the measurement lines are SFIs,
if the point of intersection is additionally related to a higher magnitude of at least one of the tangential SF
components.

8.5 SFIs are as in accordance Formula (5):

K

SF1>K

med,i (5)

© IS0 2020 - All rights reserved 7
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8.6 After determination of KI

med,i

Formula (6):

1
K’

med,i

and for all Kisl:,i values, the ratio, mJ;, is calculated in accordance with

(6)

The values m); and Kigg; are calculated separately for each direction (i = x, , z) of the SF components

in direction, j (j = x, y). If m); exceeds a previously defined threshold value, m

drawn abo

lim,I »

ut the material state of the IO.

a conclusion can be

NOTE
therefore, n
of the same
SFI or disco
(according {
and materia
the basis of]
KSF,i > Kmed,

8.7 For g

Tadient and threshotd are arbitrary mambers and differamong imstrumnrernts of different ty pes:
pt proper to translate a setting on one instrument to that of another type. Even among instrpm|
design and from the same manufacturer, gradient and threshold can vary when detecting thé s
htinuity. Therefore, undue emphasis on the numerical value of gradient and threshold isnot just
o ASTM 1316-16[59]). The threshold value, my;,,, can be determined for 10s with the same geom
1 produced with the same manufacturing process, when the defect or operation limit is specifie
other destructive or non-destructive testing methods. Otherwise, the thresholdwr;,, =1 and e
is an SFL

substantiated evaluation of the 10, the measured data should be.visualized, if possible.

images shall be attached to the test report.

8.8 Addi
an SFI was
regions caf

detected if the 10 remains in servicell4l. This way, thexmost representative inspected oh
be selected for further investigations.

9 Testreport

9.1 The
system and
Test resulty

tis,
bnts
hme
fied
ptry
H on
Jery

The

fional testing by other non-destructive methods shall be+catried out in every region where

ject

working principle, handling, calibration; working range and limitations of measurenjent

| sensors type, size and setup shall be clearly described and documented in the test rep
shall be collected in a test report;which shall contain at least the following data:

name ¢f inspection body and 10 segments where SFIs were detected;

ort.

— Hgr mdgnitudes with positions; as’'well as the extreme values of the field gradient, Kg, as SFlsfand
result§ of their evaluation;

— resultg of visual examinatien;

— procedure and results.of the threshold value, my;,, , determination if my;, # 1;

— resultg of additional testing of SFI positions using other NDT methods, if known;

— non-fajlure gperating time of the 10 from its initial use, if known;

e ]

T oI Cte T o oo oT ot tTap; oCtIroo

direction, sensor velocity, sensor lift-off, distance between adjacent measurement points Ad, etc.);

of the earth);

used for MMM testing;

final acceptance of I0;

place of testing and testing conditions, date of testing, name and signature of the operator.

© IS0 2020 - All rights rese
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9.2 The magnetic stray field diagrams (and or mappings) and the IO logfile with indications of the
inspection areas and detected SFIs shall be attached to the report.

9.3 The conclusion of the analysis of the results, characterizing the state of the 10, shall be made on the
basis of obtained testing results.

9.4

10

Test reports shall be stored at least until the next IO examination.

Safety requirements and personnel qualification

10.
ind

10.
inst

10.
env

10.
the
megq

10.
for
ISO

L Persons performing the MMM testing shall follow local safety requirements~esta
Istrial environments.

P Before starting with the test procedure, all involved persons shall pasSyan appropi
ruction and training of which the content shall be documented.

B During testing, the appropriate personal protective equipment for the specific
ronmental conditions shall be worn.

. When working at a height, an appropriate scaffold, cradle,and rope access system, w
requirement of the safety standard, shall be used. Scaffeld, ladder, and cradle constru
t the requirements of local safety standards.

b Only persons trained in the MMM technique\shall perform the tests. The person 1
training the operators shall be qualified accerding to an engineering level (level III a
9712).

blished for

iate safety

industrial

hich meets
tions shall

esponsible
cording to
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Annex A
(informative)

Example of stray field distribution of an indication

Figure A.1[58] shows the inspection results of MMM testing on a steel rod with 22 mm diameter used for
the fabricagion-efa-—centrifugalpump-shatt:

Figure A.1p) shows the location of the scanning device during rod testing.

Figure A.1]b) shows the distribution of the normal component of the stray field, Hgg ,(¥\(1), and its
stray field|gradient modulus K*gg, = |dHgg ,/dx| (2) along the x-axis of the rod. An SEl\in sectionf (3)
is charact¢rized by a sequential change of direction of the normal component dnd high gradjent
modulus values.

Figure A.1|c) shows a micrograph of the rod cross-section. The increased hardness values (insgrts)
of the linefshaped structure compared to the adjacent material indicate,asxmetallurgical defect that
coincides with the SFI in section (3) of Figure A.1 b). In the previous edition of the ISO 24497 series|SFI
was referred to as stress concentration zone (SCZ).
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b) Distribution of the stray field normal component, Hg ,(x), and its gradient modulus,
K¥gp , = [dHgg , /dx], indicating an SFI

468,462
425,423

Figure A.1 — Ins

distribution of the stray field normal @ponent Hgg,(x) (xA/m, left vertical scale), alo
(bottom horizontal scale X in mm)

Micrograph of the rod cross section that coincide §v1 h the SFI in section 3 of Figulre A.1 b)

hg the x-axis

distribution of the gradient mo &I& K¥s, = [dHgg,/dx][ (x 103 A/m?2), right vertical scale) along the

x-axis (bottom horizontal scaléX'in mm)

section of the diagram where the stray field normal component, HSEZ(X), and its gradie
K¥gg, = = [dHgg, /dx], are yelated to SFI

Vickers hardness (§V2) values in the area of a metallurgical defect

Vickers hardne 2) values in the area of material adjacent to a metallurgical defe

nt modulus,

(i

@(ﬁ set-up and results of MMM testing on a rod with 22 mm diameter

© IS0 2020 - All rights reserved

11


https://standardsiso.com/api/?name=7f11f87548840765e88681bd1a97d3b1

ISO 24497-1:2020(E)

[17]

12

Bibliography

KOLOKOLNIKOV S. M., Determination of the mechanical properties of weld metal on the basis
of the hardness parameters in stress concentration zones detected by the method of magnetic
memory of metal, Weld. Int. 28 (12) (2014) 983_988. d0i:10.1080/09507116.2014.884332

JiLEs D.C., Theory of the magnetomechanical effect. J. Phys. D Appl. Phys. 1995, 28 (8) pp. 1537—
1546. D0I:10.1088/0022-3727/28/8/001

CrAIK D.J, Woobp M.J., Magnetization changes induced by stress in a constant applied field. J.
Phyk. D Appl. Phys. 1970, 3 (7) pp- 1009—1016. DOI:10.1088/0022-3727/3/7/303

MAKAR ]J.M., TANNER B.K., Effect of plastic deformation and residual stress on the permeabllity
and magnetostriction of steels. J. Magn. Magn. Mater. 2000, 222 pp. 291—304, DO0I:10.1416/
S0304-8853(00)00558-8

L1 L., HuanG S., WANG X., SHI K., Wu S., Magnetic field abnormality caused/by welding residlual
strgss. J. Magn. Magn. Mater. 2003, 261 (3) pp. 385—391. DOI:10.1016/50304-8853(02)01488-9

Dugov A., A study of metal properties using the method of magnetic memory. Metal Sci. Heat
Treqt. 1997, 39 (9-10) pp. 401—405. DOI:10.1007/BF02469065

Rogkosz M., BIENIEK M., Analysis of the universality of the{residual stress evaluation method
basgd on residual magnetic field measurements. NDT [nt;2013, 54 pp. 63—68. DOI:10.101L6/j
.ndfeint.2012.12.004

SCHNEIDER E., DuBov A.A., Zerstorungsfreie Charakterisierung des Eigenspannungszustarjdes
mit|der Metall Memory Methode (MMM), in: DGZfP-]Jahrestagung, 2007, pp. 1-8

LES S.G.H., Vo C., CoweLL D.M.., FREBAR S., IVES C., VARCOE B.T.H., Solving the inv¢rse
proplem of magnetization-stress resolution. J. Appl. Phys. 2013, 113 (13) p. 133905. DOJ:10
.1063/1.4799049

DonG L. Xu B., DONG S., SONG¢ L., CHEN Q. WANG D., Stress dependence of the spontandous
strdy field signals of ferromagnetic steel. NDT Int. 2009, 42 (4) pp. 323—327. DOI:10.10[16/j
.nd{eint.2008.12.005

Rogkosz M., RUSIN AgKeTowicz ]., The metal magnetic memory method in the diagnostids of
power machinery comiponen. J. Achievments Mater. Manuf. Eng. 2010, 43 (1) pp. 362—370

Rogkosz M., Witosz M., Fryczowskl K., Studies on Magnetic and Mechanical Propertiefs in
Plagtically Deformed Ferromagnetic Steels. Electromagn. Nondestruct. Eval. 2014, 39 pp. 2741—
279 DOI:10:3233/978-1-61499-407-7-271

LENG J.»L1U Y., ZHOU G., GAO Y., Metal magnetic memory signal response to plastic deformation

DuBov S. Kolokolnikov, Technical Diagnostics of Equipment and Constructions with Residual Life
Assessment Using the Method of Metal Magnetic Memory, in: 17th WCNDT. Shanghai, China, 2008

HuanG H, JiaAnGg S, Liu R, Liu Z., Investigation of Magnetic Memory Signals Induced by
Dynamic Bending Load in Fatigue Crack Propagation Process of Structural Steel. J. Nondestruct.
Eval. 2014, 33 pp. 407—412.D0I1:10.1007/s10921-014-0235-y

DuBov S., Kolokolnikov, Assessment of the Material State of OQil and Gas Pipelines Based on
the Metal Magnetic Memory Method, Weld. WORLD. 2013, 56 (3-4) pp. 11—19. DOI:10.1007/
BF03321331

DuBov A., Dubov, S. Kolokolnikov, Application of the metal magnetic memory method for
detection of defects at the initial stage of their development for prevention of failures of power

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7f11f87548840765e88681bd1a97d3b1

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General requirements
	5 Requirements for the inspected object
	6 Requirements for the test equipment
	7 Preparation for testing
	8 Test procedure
	9 Test report
	10 Safety requirements and personnel qualification
	Annex A (informative)  Example of stray field distribution of an indication
	Bibliography

