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Abstract

Flaw detection procedures have their limitations when it comes to operational forecast 

and this induces development of fatigue processes diagnostics. Diagnostics of fatigue 

processes may point to potentially hazardous places (areas with accumulating microcracks). 

This diagnostics is conducted by analysing physical parameters courses (electrical and 

magnetic parameters in particular) during operation. Initial and independent testing must be 

run at the start of diagnosis. Selection of testing procedures is made easy, if material’s 

sensitive diagnostic parameters are known as well as quantitative relations between cause and 

effect. This paper presents this selection on the basis of power engineering steels example.  

Keywords: material magnetic diagnostics, material fatigue 

1. Introduction 

Physical properties of ferromagnetic materials justify the use of magnetic or magneto-

inductive methods in diagnostics. This is confirmed by generally known relationships of 

magnetic parameters (Villary effect, mechanical fatigue [1]) and electric parameters  

(PHYBAL, Physically Based Lifetime calculation [2]) to material fatigue loads.  Variability 

range of material’s magnetic parameters under operation, specific for each material, 

determines   feasibility of diagnostic procedures.  Variability of magnetic parameters is 

strictly related to material’s chemical composition and operational load character. One 

example of such variability will be described here on the basis of steel used in power 

engineering. The impact of operational loads on material’s magnetic parameters is diverse.  

Table 1 shows general relationships of magnetic parameters to material fatigue due to 

operational loads.
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Table 1. Material parameters vs. load character 

Parameter

Magnetic permeability µ Coercion HcLoad character 

Trend Parameter

sensitivity

Trend Parameter

sensitivity

Mechanical; cyclic variable 

load of elastic steels

** **

Mechanical; cyclic variable load 

of brittle steels

* *

Mechanical, contact or rolling 

load [3, 4, 5] 

*** ***

Mechanical, high temperature , *, ** , **

Parameter sensitivity level: * - low, ** - medium, *** - high 

Load character influences both quantitative and qualitative magnetic parameters changes.

Magnetic parameters variability range of a given ferromagnetic material determines the 

choice of measurement technique for future diagnostics.

Coercion measurements 

Coercion is one of the fundamentals factors making possible assessment of fatigue 

processes in element made of ferromagnetic material. Usually coercion increases due to

degradation of crystalline and domain structure. Steels exposed to high temperature and 

pressure react differently (e.g. steels used in power engineering). High operational 

temperatures cause decay of internal stress generated during manufacturing process. Coercion 

levels of these materials decrease during operation. Therefore, coercion value may be 

effectively used to determine time interval of load acting upon the material. In few cases it is 

possible to compare initial material parameters with parameters characterising material after

several years of operation.  Photographs presented in Fig.1 show fragments of installations 

withdrawn from operation after 159200 hours of work (revitalisation of K-3 boiler in 

Be chatów Electric Plant, 2007). The photographs illustrate fragments of entry chamber of 

secondary superheated steam 2
nd
 stage superheater (M-2), outlet chamber of fresh steam of 

3
rd
 stage fresh steam superheater, secondary superheated steam pipeline bend (RB). 

Installation bend shown in Fig.1 is an important element of the installation from the 

researcher’s standpoint. This element might have been subjected to additional concentration

of mechanical stress, in particular at the outer curve surfaces.
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Fig.1. Fragments of powr engineering installations; material sample locations are marked

Measurements of power engineering steels parameter variability during operation were 

possible thanks to good co-operation of Be chatów Electric Plant technical supervision

department. Reference materials, stored together with used elements of operational 

installations and made of 13HMF, 15HM and 20HM12M1F steels were tested. Initial 

comparisons (see Fig.2) applied to changes in coercion. Changes of Hc parameter due to 

operation time are significant enough to allow for initial classification of material condition –

which is usually not possible in case of most flaw detection methods.

Fig. 2. Comparison of coercion measurements results 

Magnetic permeability

Subsequent measurements were conducted in order to determine dynamic changes in 

material’s magnetic permeability. On-site diagnostic tests are possible, if low intensity

magnetic field is used and measurement is local only. Magnetic permeability measurements

were run using induction method with coercive force not exceeding 100 A/m. Comparison of

measurement coil inductance  versus frequency and material type is shown in Fig.3.
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Fig.3. Inductance of measurement circuit vs. material type and frequency 

Significant changes of inductance due to operational impact were observed for 15HM steel. In 

case of 13 HMF steel differences were not great. Insignificant inductance changes may be

attributed to differences in operation parameters, load character, and chemical composition.

Active and passive magnetic permeability as well as loss tangent factor were further derived 

from inductance measurements. These parameters, if combined, will characterise material

changes due to operation in more detail. During research, loss tangent factor several 

components were not analysed. Dynamic magnetic permeability courses of 15HM and 

13HMF steels are given in Figs. 4 and 5.

Fig.4. Active and passive permeability of 15 HM steel

Fig.5. Active and passive permeability of 13HMF steel

Inductance changes for three investigated steel types are given in Fig.6.

Initial research did not find any causes for 13HMF steel lack of reaction to fatigue processes.



DEFEKTOSKOPIE  2008                         255 

Fig.6. Inductance variability vs. frequency

In future, further measurements will be conducted with steel samples taken from different 

locations in installation.

Passive permeability changes have been observed in investigated steels (Fig.7).

Fig.7. Passive permeability variability vs. frequency

Loss tangent factor

Passive permeability is a decisive factor when it comes to magnetic specific loss. 

Specific loss is related to operation. Observation of specific loss change in low frequencies

range may help to differentiate used material from new material. Loss factor tg  is high for 

constructional steels. Magnetic parameters of these steels differ greatly from parameters for 

electrical steel, this is shown for silicon steel behaviour.

Fig.8. Comparison of specific losses of different constructional steels
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In order to accurately show the distinctions between magnetic parameters of different 

constructional steels, electrical steel loss factor course has been also shown in Fig.9.

Magnetisation measurements 

If initial magnetisation curve is to be determined as well as magnetic saturation level for

a given material, then one possible measurement method is the indirect measurement with the 

help of magnetic balance. This is a destructive-type measurement, since it requires procuring 

a material sample weighing c. 1 mg from the element under investigation. The choice of this 

method might be justified by the fact that electrical steel test appliances are readily available 

in most research institutes and that in case of electrical steels magnetic field saturation levels

are relatively low. Magnetisation curves obtained with the help of magnetic balance,

recalculated and rescaled with the help of nickel standard measurements are shown in Figs.9 

and 10.

Fig.9. Primary magnetisation curve of 13 HMF steel

Fig.10.Primary magnetisation curve of 15HM steel 

13 HMF steel is characterised by similar levels of magnetic saturation before and after use

and this corresponds to inductance measurement results. In case of 20 H12M1F steel 

magnetic saturation level is strongly influenced by operation.
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Conclusion

Magnetic parameters levels of a given material before and after operation show 

significant differences, excepting 13 HM steel magnetic permeability and this will be subject 

of further research. Test results justify application of magnetic and magneto-inductive 

methods in power engineering installation diagnostics in the low frequency and low 

magnetising field ranges.  Magnetic parameters variability range might be used as fatigue 

diagnostics criterion. Research is continued.
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