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Abstract. The paper has been intended to introduce a complex research problem, 
that is present in aviation, power engineering, mining and transport, with regard to 
assurance of operational safety for ageing technology, which is exposed to different 
form of material degradation. Theoretical reasons of active control of material 
fatigue and selection of reliable state observer have been outlined. The Metal 
Magnetic Memory Method (MMM) and the scope of scientific research, that are 
conducted in polish scientific centers in order to confirm and extend its operational 
possibilities to diagnose early stages of progressive material degradation, have also 
been presented. Taking the MMM Method into account, IT support of non-
destructive testing has been considered with particular interest in the necessity of 
objective quality assessment and reliability of non-destructive testing performed by 
external companies (outsourcing). The presented topic has been illustrated by means 
of practical examples regarding problems in aviation, power engineering, mining 
and transport.  

Introduction  

The operation based on technical condition and prolongation of the operational durability 
(the service life in the system of operation of objects according to planned maintenances 
services) encompasses a growing number of technical areas, among others, aviation, power 
engineering and mining. This activity is fully economically justified and a safe assumption 
when the following is applied:   reliable methods of determining the current health of structure's critical elements, for 

example non-destructive testing (NDT) methods and/or structural health monitoring 
(SHM) systems;  algorithms of prognostics and health management (PHM) of an object on the basis of 
measurement data, knowledge of real working conditions, fatigue processes and 
material engineering. 

Determination of the real technical condition of an object of tests is a major challenge for 
various specialists and test methods. 
     In the paper a methodical approach to making the Metal Magnetic Memory 
(MMM) method  and its test results reliable is presented. The attention is paid to IT support 
of MMM tests. 
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1. Motivation 

Risk management connected with unplanned malfunctions and accident prevention 
requires to take modern diagnostic possibilities of NDT and SHM into account. 
Prolongation of the operational durability bases on the principles of ‘active control over the 
material fatigue process’ [1, 2], which require:   additional knowledge of the history of real stress of material, which depends on the 

operational profile of an object and modal properties of an object and processes  
-  data unavailable in classical NDT methods [3];   capability of identifying and interfering of user, repair plant and/or producer in 
unfavourable dynamic phenomena, like e.g. location of resonance ranges or degree of 
unfavourable narrowband or broadband forces.  

Accelerated material degradation is not always correlated with:   unfavourable values of averaged working parameters registered by existing monitoring 
systems in which a person conducting NDT may have insight subject to the 
approval/courtesy of a user;  disturbing NDT results - assessment of the current technical condition of critical 
elements. Classical NDT methods do not detect the first and second phase of material 
fatigue degradation [3]. 

The real working conditions of an object are usually not known until adverse results come 
forward, like e.g. unusual changes in microstructure, cracks or breaks, unusual erosion or 
corrosion changes – Figure 1.  

 
Fig. 1. Examples of problems fatigue in aviation on elements made of ferromagnetic and metastable 

paramagnetic materials [4] 

How to detect level of fatigue of ferromagnetic alloys before damage? 

Diagnostics and prognostics of technical condition is a difficult task when we do 
not know the history of real material stresses, dynamics and degree of diversification of the 
material degradation process. The basic diagnosis and prognosis are surrounded by a great 
degree of uncertainty and risk of negative effects whose potential costs will be incurred by 
a user, not a person conducting NDT. 
 The MMM is a standardized [5], but still controversial NDT method, whose 
authors (prof. Dubov, Vlasov) and its users in 27 countries has been declaring the 
possibility of reliable identification of the material degradation early phase, including 
detection of residual stress concentration areas [6, 7]. Its opponents question its credibility 
and desirability of conducting MMM tests in power engineering and transport [8]. 
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2. SWOT Analysis of the MMM Method   

For the purpose of ordering the current state of knowledge about the MMM method, 
identifying its real diagnostic capabilities and defining research needs, a SWOT/TOWS 
analysis was made, which took a graph of the research task into account: from a tested 
object of the "black box" type, through the measurement of DC component distribution of 
the magnetic field near the tested object, extraction of diagnostic symptoms from 
measurement data, diagnostic reasoning with taking additional knowledge into account, to 
making a diagnosis needed for taking the decision - Figure 2. 

 
Fig. 2. SWOT analysis of the MMM method taking into account the components reaching 

the decision 

2.1 Strengths of the MMM Method 

The MMM method bases on three reliable foundations [6, 9-14]:  magneto-mechanical effects and nonlinear relationships of microstructure with 
magnetic properties of a material – Figure 3;   measurements of the magnetic field low-frequency component distribution near  
a tested object using current capabilities of electronic vector magnetometers, encoders 
and digital data registration.  numerical analysis of measurement data, during which the inverse problem of 
magnetostatics that is burdened with the ambiguity with observing the principles of the 
signal analysis theory is solved.  

Practical possibilities of diagnosing unusual working conditions after unload  
a tested object – Figure 4, and modern possibilities of measuring the magnetic field are, 
however, an incentive to make the MMM method's symptoms more reliable and to adjust 
the application of the MMM method to the requirements of NDT and SHM of aeronautical 
engineering. Such works are carried out in Poland. 

2.2 Weaknesses of the MMM Method 

Each NDT and SHM method has its weaknesses, whose recognition decreases the risk of 
wrong diagnosis and should stimulate its author and users to corrective actions. The MMM 
method has its weaknesses too. 

The MMM has been standardised only as an auxiliary method of controlling the 
quality of welds [5]. In description of the MMM method and ISO 24497 standard, inter 
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alia, the influence of microstructure type (changing in the heat affected zones), processes of 
material degradation (Table 1) and classes of tested objects (diagnostic issues) - Table 2 on:   expected diagnostic symptoms,   requirements for the measurement chain,  interpretation of test results,  
has been omitted. The MMM methodology does not also take account of the peculiarity of 
the operation of aeronautical engineering − fast movement of an object in the Earth's 
magnetic field and changes in values and sign of the internal magnetic field in a local 
coordinate system of the material stress. 

 
 

    
Fig. 3.  Foundations the MMM method - stress magnetization of ferromagnetic materials and first loading 

effect (magnetic memory), Δ� = �(�岫���� , �岻, �沈珍 , �) (Imperial units) [4, 9, 10 ] 

 

 
a) b) 

Fig. 4. Showing: a) effect of short-term working blades of a steam turbine low-pressure part in the range of 
resonance excitations on the state of magnetization - four local magnetic anomalies MA i are correlated  

with the nodal lines of the vibration; b) the state of magnetization of the reference blade  
(without affecting resonant excitations) 
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Table 1. Material degradation processes occurring in aviation and power engineering. 

Degradation process Characteristics Example test object 

Isothermal fatigue 
 

Cyclic mechanical load at constant 
temperature T < 0.3 Tm (melting point of a 
material) 

Blades of the low-pressure part of a 
turbine 

Creep 
 

Constant mechanical load at high 
temperature, T > 0.3 Tm 

Turbine internal frame, 
Boiler's firewall 

Thermo-mechanical 
fatigue 
 

Simultaneous changes of mechanical loads 
and temperature 

Blades of the high- and medium-
pressure part of a turbine 

Phase shift of the 
metastable phase 

Deformation transformation of austenite into 
martensite 

γ → α’ i γ → ε  

Elements made of austenic steels, 
e.g. turbine disks 

Corrosion Damage in the material microstructure as a 
result of oxidation caused by processing 
factors (electrochemical reactions, stresses, 
microbes)  

Internal and external surface of 
pipelines 

Erosion Mechanical damage of the material surface 
through heterogeneities contained in fast 
flowing fluids or gases, e.g. grains, slit, 
drops of fluids in humid steam   

Pipeline elbows  
Leading edge of the low-pressure 
turbine part blades 
Pipes of a condenser from the side 
of cooling water 

Radiative 
degradation 

Changes of chemical composition and 
microstructure of a material under the 
influence of neutron (gamma) radiation 

Elements of reactors in a nuclear 
power station exposed to high 
gamma radiation doses 

 

Table 2. Classes of diagnostic issues in the MMM method. 

Class of an object 
subject to MMM testing  

Fatigue process class  
(material degradation) Example objects of MMM testing 

Fixed objects 
  

Cold working, low cycle fatigue 
(LCF) and high cycle fatigue 
(HCF), atmospheric corrosion, 
erosion  

Transmission pipelines, supporting 
constructions, pressure cylinders, railway 
rails 

Thermal stresses Welds, frames of turbines 
Creep Turbine diffuser vanes, superheated steam 

pipelines  
Hydrogen embrittlement, 
chemical and electrochemical 
corrosion (sulphur, salt water) 

Elements of chemical installations, offshore 
oil platforms and wind turbines 

Fixed objects in the 
electromagnetic field 

Cold working, LCF and HCF Electricity pylons, stators and frames of 
generators and high-power engines 

Movable objects 
 

Cold working, LCF, HCF and 
very high cycle fatiue (VHCF), 
corrosion, erosion 

Vehicles and work machines, shafts and 
axles, cogwheels, bearings, rotor blades of 
compressors, ventilators and parts of low-
pressure steam turbines 

Creep and thermo-mechanical 
fatigue (TMF) 

Rotor blades of the high- and medium-
pressure part of a steam turbine 

Movable objects in the 
electromagnetic field 

Cold working, LCF, HCF and 
VHCF 

Armature of a generator and a high-power 
engine 

Special objects Ionising radiation, low 
temperature, LCF with high 
speeds of plastic deformation 

Elements of a nuclear reactor, cryogenic 
installations, shrapnel, crash tests  

The MMM method and its application in Poland bases only on the experience 
(know-how), test methodologies, measurement instruments and software developed by 
Energodiagnostyka [15], which significantly limits the possibilities of development of this 
method by other entities. Only the geodetic probes developed by the company carry out the 
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measurement of three magnetic field components in the local Cartesian coordinate system 
B = [Bx, By, Bz]. Other probes equipped with low resolution incremental encoder (~0.8 
mm) measure two magnetic field components (normal component to the surface of a tested 
object and  tangential component to the surface of a tested surface in the direction of the 
probe's movement), which enables relatively reliable detection of the magnetic anomalies 
ΔB. Such probes do not provide information enabling an objective analysis of the 
relationship: 

magnetic anomaly ΔB → source of changes → quantitative and qualitative changes  
in microstructure 

None of the Energodiagnostyka probes control its location in the gravitational 
coordinate system. The above fact causes that the MMM method users may detect false 
magnetic anomalies triggered by a temporary change of location of a probe in relation to  
a tested object. Lack of information concerning the location of a probe makes the objective 
control over MMM test results difficult. 

2.3 Opportunities of the MMM method 

All the above-mentioned weaknesses of the MMM method and its application (ISO 24497 
methodologies, sensors and software) may be eliminated on the basis of:  existing technology level of the physical values measurement and data analysis;    research and development works carried out on the basis of due diligence in research 

and verification of results obtained in inter-laboratory tests.  

3. IT Support for the MMM Method 

The MMM method, just as the majority of current NDT and SHM methods, requires IT 
support at the stage of measuring, visualisation of measurement data and its analysis, 
extraction of diagnostic symptoms, drawing conclusions, generating reports from tests and 
archiving test results. In order to obtain a reliable diagnosis from the MMM, it is necessary 
to eliminate the weaknesses of the method, which at the level of IT support requires:   correction of errors in the existing data analysis algorithms;   taking new knowledge from active and passive experiments and material databases into 

consideration; 
 operation of new measuring applications (sensors and recorders) basing on various data 

transmission standards (wired and wireless ones: I2C, SPI, USB 2.0, Wi-Fi, Bluetooth); 
 defining the measurement data format, including new types of sensors;  development of new algorithms of measurement data analysis and drawing conclusions 

that take possible additional sources of information into account: data from a dense 
matrix of magnetometers (magnetic field camera) [16, 17] – Figure 5, distance sensor, 
accelerometer, GPS receiver, INTERMAGNET network (local reference signal of the 
Earth's magnetic field with 0.1 nT resolution) [18] and NOAA information about 
WMM 2015 World Magnetic Model and interferences in the Earth's magnetic field 
coming from the universe [4,19];  verification of new algorithms on real measurement data – Figure 6;  taking account of the needs of present MMM method's users in the scope of 
independent operation of instruments produced by Energodiagnostika and binary 
*.mms files - a source of a huge, but not systematised empirical knowledge.  taking account of the needs of future SHM applications and mobile NDT teams in the 
scope of safe data transfer in the network. 
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Fig. 5. High resolution classifier of magnetometer's features basing of the image analysis (measurement data 
from Mageye - Matesy miniaturized magneto-optical USB magnetic field camera, which delivers information 
about the magnetization of the material in high resolution (~10μm), fieldrange: 0,01 to 130 kA/m, sensor size: 

up to 8x8 mm [16])  
 

 
 

a) b) 
Fig. 6. Showing: a) analysis and automatic correction of errors of the incremental encoder in measurement 
data acquired using the Energodiagnostika probe type 2M; b) analysis of the 53 ND37 steam turbine blades  

by statistical pattern of the MMM results 
 
The above scope of actions requires to develop new software. Such software 

whose working name is "EXPERT MPM" is currently developed at AFIT. The software is 
going to perform the expert and advisory analysis of MMM measurement data with 
simultaneous assessment of the quality of results. The software will contain a system core 
and six relational databases:   database containing descriptive data,   material database,  database containing measurement data,  
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 database containing procedures of external devices' operation,   database containing diagnostic rules,   database containing models,  
and coded, automatic daily work that will monitor actions taken by a software user. The 
assumed concept and block structure enables flexible extension of functional capabilities of 
the software as the following increases:   scope of knowledge,   needs of  MMM method users,  development of modern measurement techniques;  
without the risk of occurring instabilities and errors in the work of the existing part of the 
software and the need to test its credibility again. 

4. Conclusion 

IT support of Metal Magnetic Memory method allows for new diagnostic capabilities in 
NDT and SHM of ferromagnetic objects. 

The existing MMM method's algorithms detect and identify only features of 
magnetic anomalies. The algorithms do not perform the qualitative analysis of the current 
material stress level, nor the structure degradation degree, since they do not take account of 
the material type (magnetic and magneto-mechanical parameters of a material), object's 
working time (number of load cycles) and calibration curves. 
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