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to steam boiler, boiler parts, boiler drum, pressure vessel construction. It may operate 
continuously at temperatures up to about 650oC. 

 
P91 steel and its predecessor, 20H12M1F steel, belong to the group of martensitic steels. 

3. Tested material 

As result of the conducted measurements, “virginal” materials, found in the storehouses on 
the market, were compared with material utilized in power plant systems currently used, 
made of steels 13HMF, 15HM and 20HM12M1F. 

Metallographic tests were conducted using Hitachi S-4200 scanning electron 
microscope coupled with an EDS system used for X-ray microanalysis. Visual observations 
performed at magnitudes of 200x, 500x, 1000x and 2000x were conducted along the entire 
polished section of each sample. The characteristic micro structure elements detected in each 
sample were digitally recorded. The selected micro structures are presented in Figs 2 and 3. 

 
13HMF – initial state 

 

13HMF – final state 

15HM – initial state 15HM – final state 

Fig. 2. Comparison of changes in steel micro structures for 13HMF and 15HM steels 
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Fig. 4. Images and composition of non-metallic inclusions of the input material, before and after mechanical 
loading at the MTS servo hydraulic machine 

4. Measurement theory 

The material's parametric relationships may be represented in the simplest way using an 
appropriate model. The tested material (characterized by its magnetic and electrical 
parameters [4,10,11]) affects the measurement of the electrical parameters of a search coil 
due to inductive coupling M (Fig. 5). 

 

 
Fig. 5. Model of the measurement circuit [1] 

One of the simplest models described by Forster was selected [4]. When ratios of the 
normalized impedance components [4] were compared 
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The limit frequency is defined by the relationship: 
 2( ) 2 /g p o rf Dπ γ µ µ= × × × ×  (6) 

It characterizes the penetration of eddy currents and magnetic field into a cylindrical sample. 

5. Measurements of magnetic parameters 

The significant changes in inductance of the measurement coil tested with sample taken out 
of service were observed for steels 13HMF and 20H12M1F. In 15HM steel the changes were 
detected only for the maximum dynamic permeability. The curves of initial magnetization 
and dynamic magnetic permeability for initial and worn material and for material annealed 
in order to eliminate second-order stresses [12-15] are shown in Fig. 6. 
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Fig. 6. Comparison of changes in steels’ operational parameters 
 

Each steel type shows operational changes in its parameters. For field intensities up 
to 200A/m, the values of the standard deviations confirm the feasibility of using magnetic 
measurements as observer of material’s fatigue condition. 

6. RLC bridge measurements of P91 steel electrical and magnetic parameters’ 
evolution 

20H12M1F steel have been the basis for experiments and tests [14,15]. In case of P91 steel, 
material worn out during industrial operation was not available. Therefore the tests were run 
with unused (brand-new) samples of P91 steel and with annealed samples. The materials in 
their initial state and after annealing at 600oC were compared. The chart presenting 
measurement results in five basic frequency ranges of the RLC bridge (100Hz, 120Hz, 1kHz, 
10kHz, 100kHz) [11] is shown in Fig. 7. 
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Fig 7. Comparison of changes in normalized impedance components, for two types of steel used in power 

engineering 

Comparable changes of material, in relation to operational cycles, are obtained when 
annealing for 80 to 100 thousand hours at a temperature equal to 600oC. The real changes of 
effective magnetic permeability and electrical conductance can be derived numerically from 
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relative changes of the normalized impedance components shown in Fig.7. The significant 
changes of P91 steel parameters are accompanied by substantial changes in mechanical 
parameters [2]. 

7. Design solutions 

Changes in electrical parameters also include change of resonant frequency of the 
measurement circuit [5, 9, 10, 11]. The presence of ferromagnetic body close to the wires is 
the reason why such circuits become non-linear (Fig.8). The wire reaction to the 
ferromagnetic material places the above issue within the inspection tasks of non-destructive 
diagnostic methods NDT/NDE [5, 10, 16-18]. Parameters of pipeline section may be 
controlled via induction coupling of one-wire measurement cable even at operational 
temperature. If the wire probe is equipped with silicon coating, the high pipeline temperature 
is less degrading the sensor properties than in case of sophisticated extensometers. 
 

 
Fig. 8. Example of using LDC converter in the pipeline inspection 

In the lab, the testing of stretching of a metallic glass strip was started, using a two-channel 
LDC1612 transducer. The photo of the test stand and the records of the measurement results 
of the tension in the foil are shown in Fig.9. 
 

Fig. 9. Recording of stress changes in the metallic glass foil 
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This transducer records also changes in the resonance coupling frequency. 

8. Conclusion and future work 

Impedance spectroscopy, normalized impedance components and magnetic resonance are 
prospective observers of the material’s degradation state. The successive advantage 
presented by these methods is the possibility of decreasing the costs of the equipment, 
without losing repeatability and sensitivity for detection. The simple diagnostic methods do 
not have to pose any hazard to the companies manufacturing flaw detection devices, but they 
may be used for modification of standard procedures in crack detection. The proposed 
method excited some interest in several academic centres at home; first industrial 
applications have been executed. The measurement modules [16, 17, 18] of the company TI, 
accessible in the market, seem like a good step towards further miniaturization and cost 
reduction, while the metrological quality standard is maintained.  
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