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Abstract. The method of metal magnetic memory (MMM method) is the only 
passive method among the magnetic NDT methods. The distinctive feature of the 
MMM method, distinguishing it from other magnetic NDT methods is that it uses 
magnetization naturally formed during manufacturing and operation. The MMM 
method to combines opportunities of NDT and stress state assessment. Currently the 
MMM method and appropriate testing instruments are used at more than 1000 
Russian enterprises. In Moscow since 1996 the certification body of 
Energodiagnostika Co. Ltd performs training and certification of Russian NDT 
personnel by the MMM. The certification body of Energodiagnostika Co. Ltd started 
perform training and certification of foreign NDT personnel since three parts of 
International standard ISO 24497:2007 on the MMM method have been published. 
The certification scheme for this purposes have been developed based on the ISO 
9712. The paper describes basic disposition of above certification scheme.  

Introduction  

The analysis of accidents at hazardous production facilities demonstrates that the use of 
flaw detection methods only is not sufficient to prevent unexpected failures of industrial 
equipment. The main reason is that traditional flaw detection methods are aimed at 
detection of equipment metal discontinuities with size that sufficiently exceeds the size of 
metallurgical defects causing the accelerated damages development under operating 
conditions. To prevent formation of sudden fatigue damages, first of all, we need the 
methods allowing to assess the stress-strain state (SSS) of hazardous facilities and to detect 
the most hazardous areas (zones) of stress concentration. Stress concentration zones 
(SCZs), formed at the stages of equipment fabrication and operation, are the main sources 
of corrosion and fatigue damages intensive development and, as a consequence, are the 
main cause of equipment failure (accident). In accordance with GOST R 52330-2005 
“Non-destructive testing. Stressed-strain state test on industrial objects and transport. 
General requirements”, SCZ – stress concentration zone – is a local product zone where the 
occurred strain is greater as compared to the average strain across the entire volume of the 
product. 

Metallurgical and process manufacturing defects, as well as technological processes 
as such create the high level of residual stresses (RS) in local zones of a product. RS control 
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at individual productions is performed selectively. During it the average (volumetric) RS 
level is inspected, and local RS zones caused by internal defects of the metal as a rule, are 
not controlled and missed out. Furthermore, it is unknown where these local zones are 
located and how they can be detected. At unfavorable combination with workloads these 
local zones with high level of RS cause the accelerated development of operational 
damages. 

As it is known, the traditional NDT methods (MPI, PT, ET, UT, RT, etc.) are aimed 
at searching and detection of well-defined defects, located mainly on the products’ surface. 
Internal casting defects, various types of structural inhomogeneity as well as process 
manufacturing defects (welding, rolling, bending, heat treatment and other defects) often 
remain undetected in products due to the lack of the 100% product quality inspection at 
most of the plants, as well as due to imperfection of the applied NDT methods. 

Thus, it must be stated that the lack of RS control to detect stress concentration on 
products structure defects, both at manufacturing plants and during operation, is the missing 
link in the system of products NDT, which considerably reduces their reliability. 

Figure 1 shows the organizational scheme of engineering products NDT currently 
formed both at manufacturing plants and in operation. It can be seen in figure 1 that 
products inspection consists in performance of the usual flow detection without assessing 
the level of stress concentration on obvious (discontinuity flaws) and hidden (structural) 
defects. The missing link in the NDT system is marked with a dotted line in figure 1. 

 
Fig. 1. Organizational scheme of engineering products non-destructive testing 

at manufacturing plants and in operation. 

Under these conditions the role of quick NDT methods increases to ensure 100% 
equipment examination and to detect local SCZs where damages development should be 
expected during further operation of various technical devices. 

Quick methods include passive NDT methods that use the internal energy of 
structures metal: 
• the acoustic emission method (AE); 
• the metal magnetic memory method (MMM). 

These methods are currently most widely used in practice for early diagnostics of 
equipment and structures damages. 

To date the relevance of SSS assessment is more and more realized by the experts in 
the field of industrial safety assurance. At present the topic of stressed state control is 
important both for engineering products quality control and in operation during the 
equipment lifetime assessment. The trend of this NDT and technical diagnostics area 
development is taken into account in the latest revision of the International ISO Standard 
9712:2012 “Non-destructive testing. Qualification and certification of personnel”, which, 
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along with traditional methods, introduces a new type of testing – the method of strain 
measurement (strain gauge testing). 

In 2005 the Russian Society for Non-Destructive Testing and Technical Diagnostics 
(RSNDTTD) approved the “System of voluntary certification of personnel in the field of 
non-destructive testing and diagnostics” (SVCPNDT) that includes the stressed state 
control in the list of NDT methods as a separate type of inspection. 

In 2010 in Russia within the “Unified system of compliance assessment in the field 
of industrial and environmental safety and safety in power engineering and construction” 
the “Regulations on personnel certification in the field of non-destructive testing of stress-
strain state” [1] was adopted. These Regulations specify the requirements to qualification 
and organization of personnel certification in the field of SSS NDT of technical devices, 
buildings and structures used and operated at hazardous production facilities, power 
engineering and construction facilities. In this document the MMM method is introduced as 
one of the efficient SSS NDT methods. 

Metal magnetic memory method. Basic provisions and development totals 

The metal magnetic memory method developed by Energodiagnostika Co. Ltd. (Moscow, 
Russia) becomes more and more widely used in practice at solution of the task of local 
SCZs detection in new and operated products. 

In 2007 three parts of the ISO Standard 24497:2007 on the metal magnetic memory 
method [2-4] were published. 

In accordance with [2] the MMM method is the non-destructive testing method 
based on recording and distribution analysis of self-magnetic leakage fields (SMLF) 
occurring in stress concentration zones (SCZs) and of the structural inhomogeneity of 
products. (One should distinguish the traditional concept of “stress concentrator” from the 
concept of “Stress concentration” used in the materials science that occurs on structural 
defects and in zones of stable dislocation slipbands conditioned by the effect of workloads). 
At that SMLF reflect the irreversible magnetization variation in the direction of the effect 
of maximum stresses due to working (external) loads, as well as structural and process 
history of products and welded joints after their fabrication and cooling in the magnetic 
field of the earth. 

The MMM method principally differs from all the known magnetic NDT methods 
by the fact that its application does not require artificial magnetization of the product, and it 
uses the natural magnetization and the after-effect that shows itself in the form of the 
magnetic memory of the metal in relation to actual strains and structural changes [5, 6]. 

The MMM method does not require any preparatory works during the performance 
of inspection and it differs from other NDT methods by the fact that it indicates the level of 
stress concentration, i.e. it indicates the level of the detected defects hazard. 

The MMM method development began in Russia since 1977 when the phenomenon 
of boiler tubes self-magnetization in areas of their damages was first observed. After many 
years of basic research, since 1990, widespread industrial implementation of the method 
began first in power engineering and then in other industries. At that time the first 
regulatory documents and inspection techniques approved by the RF Gosgortekhnadzor 
(State Municipal Technical Supervision Body) appeared. Currently the metal magnetic 
memory method is included in more than 50 regulatory documents and inspection 
techniques in power engineering, petrochemistry, gas production and other industries. 

The MMM method and the appropriate inspection instruments are used at more than 
1000 enterprises in various industries of the Russian Federation. Besides Russia, the 
method was implemented at individual enterprises in 35 countries: Angola, Argentine, 
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Australia, Belarus, Bulgaria, Canada, China, Colombia, Czech Republic, Finland, 
Germany, Hungary, India, Iran, Iraq, Israel, Japan, Kazakhstan, Korea, Latvia, Lithuania, 
Macedonia, Malaysia, Moldova, Mongolia, Montenegro, the Netherlands, Oman, Poland, 
Serbia, South Africa, Tajikistan, Turkmenistan, Ukraine and the USA. 

NDT personnel certification in the MMM method 

The main fields of Energodiagnostika Co. Ltd (Moscow, Russia) activity are development 
and implementation in various industries of the metal magnetic memory method and the 
appropriate inspection instruments based on the ISO Standard 24497. 

Like many manufacturers of specialized equipment that has special features 
compared to traditional NDT methods, Energodiagnostika Co. Ltd began with training of 
customers’ experts in the course of equipment handover (instructing, introductory lecture). 
Further training required deeper study of the physical bases and special methodical issues. 
This was related both to the dependence of correct interpretation of inspection results on the 
personnel training and to the increased volume of regulatory documentation. In addition, 
the equipment became more complex. Special program software was developed. Therefore 
its mastering at the stage of handover to the customer required more time. 

Considering the above background, Energodiagnostika Co. Ltd established a 
department that could deal specifically with the customers’ personnel training issues. 

In the course of time, in 1996, two departments, being the subdivisions of 
Energodiagnostika Co. Ltd., were established on the basis of this department: 
“Energodiagnostika” Personnel Certification Body (PCB) and Personnel Training Group. 

A training program and examination books for NDT experts certification for 
qualification levels I, II and III in the MMM method were developed in accordance with the 
Russian Regulations PB 03-440-02 [7]. The program and examination books were 
coordinated with Rostekhnadzor (Russian Technical Supervision Body) Departments of the 
relevant fields of accreditation. 

A special Training Handbook [8] was developed and published for personnel 
training in NDT using the MMM method. 

During the program development it was taken into account that the MMM method 
allows SSS assessment by magnetic parameters. Therefore the program for NDT personnel 
training in the MMM method was developed so that it covers both the issues of defect 
detection and the field of SSS assessment (Table 1). 

PCB “Energodiagnostika” is the first and the only center in Russia and in the world 
that conducts NDT experts training in non-contact magnetometric diagnostics (NCMD) of 
gas and oil pipelines, heat networks lines and other utilities buried under the soil layer, in 
difficult channels, etc. Training in NCMD using the specialized equipment is performed in 
addition to the basic program of training in the MMM method. 

As of September 2015 more than 2000 NDT experts were trained in the MMM 
method under PB 03-440-02 [7] in Russia. 

Scheme of NDT personnel certification in the MMM method based on ISO 9712:2012 

After publication of the ISO Standard 24497 on the MMM method and the method 
certification by TÜV Rhineland the growing interest to the MMM method is observed 
among the experts working in the field of industrial equipment diagnostics in other 
countries of the world. There is an urgent need for certification of not only Russian NDT 
personnel but also of the personnel from other countries of the world. In Russia PCB 
“Energodiagnostika” performs NDT personnel certification in accordance with the rules of 
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PB 03-440-02 adopted as far back as in 2002 by Gosgortekhnadzor of the Russian 
Federation (its current name is the Federal Service for Ecological, Technological and 
Nuclear Supervision). However, the system of NDT personnel certification under PB 03-
440-02 cannot fully meet the NDT personnel certification schemes adopted in other 
countries. Therefore, as an alternative, an NDT personnel certification scheme based on the 
ISO Standard 9712:2012 was developed. 

Table 1. Program for NDT personnel training for qualification level II in the MMM method 

No. Topic Hours 

1 General NDT and SSS NDT issues. Competence of certified NDT personnel. 
Basic provisions of GOST R ISO 9712:2012. Problems of technical condition assessment of 
potentially hazardous objects of industrial equipment. Methods and devices for SSS NDT 

 
 
2 

2 Physical bases of magnetic NDT and SSS NDT methods. Physical bases of the MMM 
method. GOST R ISO 24497-1-2009 “Non-destructive testing. Metal magnetic memory 
method. Part 1: Vocabulary” 

 
 
4 

3 Magnetic parameters of inspection by the MMM method. Metrological bases of the MMM 
method. Operating principle of transducers for measurement of weak magnetic fields’ 
characteristics. The principle of recording and conversion of magnetic parameters of 
inspection by the MMM method. Assessment criteria of MMM-inspection results. 
Devices for inspection by the MMM method. Models of instruments and scanning devices. 
Techniques for hardware operating. 

 
 
 
 
 
6 

4 Program software: 
- Program for MMM-inspection data transfer from the instrument to the personal computer 
- Program for MMM-inspection data processing “MMM-System” 
- Program for residual life assessment of the metal in SCZs based on the inspection results by 
the MMM method “MMM-Lifetime” 

 
 
 
 
2 

5 Technology of inspection by the MMM method. GOST R ISO 24497-2-2009 “Non-
destructive testing. Metal magnetic memory method. Part 2. General requirements” 
Specialization by product and industrial sectors: 
- Techniques for inspection of castings, forgings and rolled products 
- Technique for inspection of shell steel structures (pipes, vessels) 
- Technique for inspection of welded joints. GOST R ISO 24497-2-2009 
“Non-destructive testing. Metal magnetic memory method. Part 3: Inspection of welded 
joints” 
- Techniques for inspection of operated industrial equipment (metallurgical production, 
power engineering equipment, oil and gas industry, chemical industry, railway transport, 
aviation) 
- Methodology of comprehensive assessment by the MMM method and other NDT methods 
(ET, UT, RT), SSS NDT (strain gauge testing, X-ray diffraction, etc.) and metal properties 
assessment (hardness measurement, metallography) 
- GOST R 52330-2005 “Non-destructive testing. Stress-strain state control on industrial 
objects and transport. General requirements” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 

6 Laboratory classes.  
Performance of training specimens inspection by the MMM method. 
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 TOTAL 24 

The MMM method is not included in the list of basic NDT methods specified in the 
ISO Standard 9712:2012. However, ISO 9712:2012 assumes that the system established in 
the standard may be also applied for other NDT methods provided that a standard exists for 
such methods and this new method has demonstrated its efficiency in accordance with the 
certification body’s requirements. This provision makes it possible for the new NDT 
technologies like the MMM method to join the international system of NDT personnel 
certification and to develop its own certification scheme.  

Specific features of the MMM method require special certification scheme. 
The development process of the certification scheme and the procedure NDT 

personnel training in the MMM method required determination of the following principal 
provisions: 
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• minimum duration of production experience, especially before the qualification 
examination; 
• formation of training and examination specimens stock; 
• formation of the bank of examination questions; 
• evaluation of practical examination results. 

The MMM method is a relatively new technology and it is not as common as 
traditional NDT methods. Therefore very often a candidate has no opportunity to acquire 
production experience under supervision of more experienced experts. It often happens that 
the enterprise where the expert works does not have qualified experts certified in the MMM 
method yet. In this regard, the certification scheme stipulates that candidates for level I may 
be admitted to the qualification examination in absence of production experience. If the 
candidate has successfully passed the qualification examination, the certificate is issued 
later, after providing the proof of acquired production experience. In this case the 
manufacturer should provide a document supplemented with the expert’s report on the 
performed works with application of the inspection by the MMM method. The PCB 
observes confidentiality of all the information obtained both during the process of 
certification and at the stage of production experience confirmation. 

At present Energodiagnostika Co. Ltd works consistently to improve the existing 
techniques of inspection by the MMM method, and it also develops new techniques. 
Besides this, the MMM-inspection devices are being continuously improved. This was 
taken into account during the certification scheme development. Although, in accordance 
with ISO 9712:2012 the maximum period of certificate validity is 5 years, the decision was 
taken to limit the maximum period of certificate validity. For levels I and II the maximum 
period of certificate validity is 3 years, and for level 3 – it is 5 years. 

One should specially note the significance of training and examination specimens 
stock formation for conducting personnel training and certification in the MMM method. 

The MMM method is, first of all, the method of SSS assessment. Therefore 
specimens with artificial defects are unsuitable for the MMM method because natural 
magnetization, reflecting their stressed state, is not formed in such areas. Thereby many 
years of enormous work was required to collect such specimens with natural magnetization 
in SCZs at enterprises of various industries (power engineering, oil and gas industry, 
chemical enterprises, metalwork of hoisting devices, railway transport, and aviation). 

During the industrial equipment inspection, in case of SCZs detection with further 
confirmation of presence of inadmissible defects in them, such defected segments with 
SCZs were cut out and subsequently replenished the stock of training and examination 
specimens. It should be noted that not only developed macro-defects but also structural 
changes, as well as areas with intense corrosion may be detected in SCZs. 

Physical and methodological bases of the MMM method were also considered 
during the development of examination questions for the general and special examinations. 

The many-years work of PCB “Energodiagnostika” experts in Commission V 
“Testing and Quality Assurance of Welded Products” of the International Institute of 
Welding resulted in adoption of the Training Handbook on the MMM method as an IIW 
Training Handbook [9] with its subsequent publication. This Training Handbook formed 
the basis for educational documents used in NDT personnel training for further certification 
in accordance with ISO 9712. 

Center for personnel certification in the MMM method operate in Warsaw (Poland) 
on the basis of “Energodiagnostyka” company and in Beijing (China) in collaboration with 
the Chinese Society for NDT (ChSNDT). As of September 2013, in accordance with the 
developed certification scheme based on the ISO Standard 24497, more than 600 experts 
from different countries of the world were trained in the MMM method.  
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Conclusions and proposals 

To date, methods of SSS assessment, in contrast to traditional NDT methods, make it 
possible to solve the problem of hazardous industrial equipment accidents prevention by 
detecting zones of developing defects at an early stage of their development. 

Further development of NDT personnel certification system in relation to SSS 
assessment methods will contribute to improvement of hazardous industrial equipment 
safety level. 

Inclusion in the ISO Standard 9712:2012 of a new type of testing – strain 
measurement method (strain gauge testing) is an important decision in relation to 
development of the system of NDT personnel certification in SSS assessment methods. 
However, unfortunately, this is insufficient in relation to other SSS assessment methods, 
which are already standardized on the global level and developed in industries of many 
countries worldwide. 

It is proposed to include in the ICNDT Plan the question on extending of the list of 
SSS assessment methods in ISO Standard 9712:2012 in addition to strain gauge testing. 
The list of SSS assessment methods may be defined by the existing or the new ICNDT 
Work Group in cooperation with ISO Committees. 

At present there is a long-felt need to include the MMM method (ISO 24497) in the 
list of NDT methods of the International ISO Standard 9712:2012. Taking into account its 
physical and methodological features, the MMM method cannot be considered as a 
magnetic NDT method only. For example, the acoustic emission (AE) testing method is in 
fact an acoustic method. However, the AE method is included in ISO 9712:2012 as a 
separate type of NDT, taking into account its physical and methodological features. At the 
same time, the physical bases of the AE method, first of all, are related to the inspection 
object’s SSS. Therefore the AE method may be referred both to NDT methods and to SSS 
assessment methods. Similarly, the MMM method has a reason to be distinguished as a 
separate type of testing, as it combines the capabilities of NDT and SSS assessment. 

It is proposed to include in the ICNDT Plan the question on extending of the list of 
NDT methods and to include in ISO 9712:2012 the MMM method as a separate type of 
NDT similarly with the AE method. 
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