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The elastic limit, yield point, strain hardening component, and strength coefficient of martensitic
steel were determined after monotonic tensile loading. The monotonic tension test of 41Cr4 steel
was conducted for selected values of deformation. The specimen was unloaded after each pre-strain.
The parameters from destructive tests were compared with those from the Barkhausen noise (BN)
method obtained. It turned out that the magnetic Barkhausen effect can be helpful in the diagnostics
of structural steel components and devices. Linear relationships between the elastic limit/yield point
and parameters coming from the rms voltage of Barkhausen noise envelope were found.

Keywords: yield point; elastic limit; strain hardening component; strength coefficient; magnetic
Barkhausen noise.

Articles in JTAM are published under Creative Commons Attribution 4.0 International.
Unported License https://creativecommons.org/licenses/by/4.0/deed.en.
By submitting an article for publication, the authors consent to the grant of the said license.

1. Introduction

Assessment of mechanical properties is crucial from an engineering point of view especially
in situations requiring a high level of operational safety of responsible structures. The elastic
limit and yield point are the basic mechanical properties that affect limits of material behaviour
during its exploitation. On the other hand, the strain hardening exponent (n) and strength coef-
ficient (K) are usually required for the accurate design analysis of components and engineering
structures (Li et al., 2019). It is well known that a long-term usage of objects connected even
with a small increase in monotonic load generates a difference in working conditions. An unex-
pected load may produce additional deformation of materials and significantly affect the safety of
structures. Among many types of deformation, the plastic flow may be treated as a major reason
for components failure in several branches of industry (Kashefi et al., 2023). As a consequence,
the main objective of this work is to propose an effective method for determining the variation
in mechanical properties using a non-destructive method based on the Barkhausen noise (BN)
effect applied after tensile monotonic loading. This technique is proposed instead of destructive
tests that require cutting parts from the structure to prepare specimens for subsequent testing.
The BN offers an attractive tool for detecting a degree of deformation within the ferromagnetic
materials (Kleber & Vincent, 2004). It enables the testing of materials in four stages: perfectly
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elastic, micro-yielded, macro-yielded, and after progressive plastic deformation (Vaidyanathan
et al., 1999). Therefore, it can be suitable to evaluate a condition of the structural components
and devices in service and help to find places where potential cracks may occur.

2. Theoretical background

The BN method is based on the magnetic Barkhausen effect. The BN effect represents the
irreversible movement of domain walls during a magnetization cycle (Cullity & Graham, 2009).
The movements appear discontinuously, because the domain walls are temporarily pinned by
microstructural barriers, such as dislocation tangles, precipitations, grain boundaries, and voids,
and subsequently, they are released abruptly in the changing magnetic field (Cullity & Graham,
2009). The stepwise breakaway of domain walls from the obstacles changes the magnetization
state locally. Then, local changes in magnetization induce pulsed eddy currents, which activate
electrical voltage pulses that may be detected by a searching coil or magnetic receiving head
(Cullity & Graham, 2009). Stupakov et al. (2007) found that BN is sensitive to dislocation
tangles introduced by plastic deformation. This also means that BN can also be sensitive to the
applied stress. Such a phenomenon was explained by (Kleber & Vincent, 2004) at the level of
the crystallographic network using pure iron as an example.
In the case of unloaded material, the magnetic moments of domains are oriented along the

easy direction of magnetization. In the case of iron, the [100] represents the easy direction of
magnetization. A tensile stress causes a change in the direction of easy magnetization. Both
the magnetic domains and magnetic moments become parallel to the axis of stress action – they
are locally privileged and grow at the expense of others. The privileging of domain walls results
from the equation defining the magnetoelastic energy

Em = −1.5 · λs · cos
2(ϕ), (2.1)

where Em – magnetoelastic energy of isotropic material, λs – magnetostriction constant for
isotropic material λ100 = λ111 = λs, ϕ – the angle between the direction of stress σ and the
direction of the vector local magnetization Js.
Since either the tensile stress or magnetostriction constants for iron are positive, their mul-

tiplication product also takes the positive value. The magnetoelastic energy reaches a minimum
when the moments of magnetic domains are arranged to each other in a parallel way. As a con-
sequence, the angle between the direction of local magnetization vector Js and the direction of
stress σ equals 0.
The Barkhausen signal decreases due to the appearance of the induced anisotropy of the ma-

terial after exceeding the critical stress value. The sign of the magnetostriction constant for the
iron changes from positive to negative for the magnetic field strength of about 16 kAm−1 (Cullity
& Graham, 2009). Simultaneously, the easy magnetization direction of iron crystal changes from
[100] to [111] (Kleber & Vincent, 2004). Magnetic domain walls are arranged lengthwise in the
[111] easy magnetization direction, differently from the stress direction (Anglada-Rivera et al.,
2001). The influence of external tensile stress on the changes in the domain structure and in the
BN level was also discussed in (Anglada-Rivera et al., 2001). Moreover, the effect of compressive
stress on domain walls behaviour was studied in (Stewart et al., 2004).
In the case of compressive stress, the domains of the materials with a positive magnetostric-

tion contrast and having their magnetic moments perpendicular to the axis of the applied stress
become energetically favourable (Kleber & Vincent, 2004). Then, the magnetoelastic energy of
the ferromagnetic material achieves a minimum. As a consequence, the angle between the direc-
tion of local magnetization vector Js and the direction of stress σ equals 90◦. The 90◦ domain
walls enlarge at the expense of other domains (Kleber & Vincent, 2004). In this case, the BN
signal decreases. Stupakov et al. (2007) studied CSN12013 low-carbon steel (C = 0.03%) sub-
jected to plastic deformation up to 23%. It was found that the effective stress of the Barkhausen
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emission initially increases (up to approximately 2.5%) with an increase in plastic deforma-
tion and then decreases. Similar results were found in (Piotrowski et al., 2009) for CSN12021
steel tested up to 18.2%. The highest BN amplitude was obtained for the specimen deformed
to 1.9%.
The problem of elastic tensile or compressive stresses effect on the magnetic BN is well

recognized. However, the correlation between BN and plastic deformation is still a matter of
intense investigation. From the microstructural point of view, the dislocations create different
consequences during plastic deformation. In the early stage of the deformation process, they
are distributed randomly and independently (Kashefi et al., 2023). In the further stages of the
deformation process, dislocations form sub-grains consisting of dislocation cells of hard density
in the case of cell walls and lower density for the cell interior (Kashefi et al., 2023). The soft and
hard dislocation regions are responsible for a formation of the residual internal stress of type II
after unloading of the previously plastically deformed material (Hong et al., 2018). Dislocation
tangles and cells interact with domain walls as the pinning sites and affect the BN signal (Cullity
& Graham 2009). As a result, a change in the magnetic anisotropy may occur (Cullity & Graham
2009), and therefore, a change in the BN level can be observed.
According to the available literature, plastic deformation affects significantly the mechanical

properties of materials. This research aims to find an answer to the questions how large changes
in mechanical parameters are, and whether they can be determined using the BN technique.
The elastic limit, yield point, strain hardening coefficient and strength coefficient were deter-
mined based on the relationships between parameters coming from monotonic tensile tests and
the BN method. To date, the BN analysis has not been performed on a material subjected
to repeated plastic deformation. The experiment demonstrates the possibilities of estimating
material properties in worn-out structural parts involved in service downtime.

3. Material and experimental procedure

41Cr4 steel was selected for tests due to its wide application in automotive components,
e.g., crankshafts, steering components, gears, front axle bearings. The steel is still an attractive
structural material due to its high strength and qualified toughness (Celtik et al., 2023). However,
as of now, there are still some areas of knowledge requiring further thorough studies devoted
to an influence of stress on mechanical parameters of plastically deformed zones (Romanowicz
et al., 2020).
The experimental procedure contained two main steps: monotonic tensile tests up to the

selected values of deformation and the BN measurements. Mechanical tests were carried out
at room temperature using flat specimens on the 8802 Instron servo-hydraulic testing machine.
Strain was measured by means of the 2630 Instron uni-axial extensometer. The width, gauge
length and thickness of the specimen were 10mm, 25mm, and 3mm, respectively. The to-
tal length of the specimen was 174.5mm (Fig. 1). The specimens were loaded monotonically
under strain control with loading velocity of 0.005mm/mm. The following levels of deformation
were applied: 1%, 2%, 3%, 4%, 6%, 8%, 10%, 12%, 14%. After each pre-strain, the specimen
was unloaded. The yield point (YP), elastic limit (EL), strain hardening exponent (n), and
strength coefficient (K) were determined for each loading process.

Fig. 1. Dimensions of specimen used in the experiment.
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The BN measurements were performed using an MEB-4C defectoscope with a head consisting
of a U -shaped core of electromagnets wrapped in the wound excitation coil. The pick-up coil was
built into the sensor. In the pick-up coil, a voltage signal was induced. A triangular waveform
was used. The fast-variable component was separated using a high-pass filter f = (0–500)Hz.
The analysis of this component provided information on the strain level degree of the steel
tested. The envelopes of magnetic BN were calculated as rms value Ub according to the following
equation (Makowska et al., 2024):

Ub =

√√√√√1

τ

τ�

0

U2
tb1(t) dt, (3.1)

where Ub – root mean square (rms) of the coil output voltage [V], Utb1 – fast-variable component
defining voltage separated using the high-pass filter from the induced voltage in the pick-up
coil [V], τ – integration time [s].
Then, the amplitude of BN (Ub pp), defined as the voltage difference between the maximum

peak value of the magnetic BN (Ub) and the background noise (Utb), was determined. Moreover,
the integral of the half-period voltage signal of MBN was calculated (Makowska et al., 2024):

Int(Ub) =

+Ugmax�

−Ugmax

Usb dUg, (3.2)

where Usb – rms of the Barkhausen emission voltage after correction with respect to the back-
ground noise [V], Utb – rms of the background voltage [V], Ug – generator voltage [V].
The last step of the experimental programme was to find relationships between such me-

chanical parameters as elastic stress, yield point, maximal axis stress, stain hardening coefficient
and parameters coming from rms of the BN envelope.

4. Results and analysis

The 41Cr4 steel stress-strain curves after various pre-strains are presented in Fig. 2. Impor-
tant differences in tensile curves were found in the range from 0% to 1%. It was observed that
the yield point and elastic limit increased with the pre-strain level (Fig. 3).

Fig. 2. Comparison of the tensile curve in the initial range of deformation for 41Cr4 in the as-received
state to characteristics determined after the subsequent 9 steps of the loading-unloading process.

The greatest strengthening was achieved for an initial deformation of 0.12mm/mm. The max-
imum value of the yield point was 690MPa for the pre-strain level of 12%, whereas the maximum
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Fig. 3. Elastic limit (EL) and yield point (YP) versus total axial strain achieved during subsequent
loading steps.

Fig. 4. Maximum value of axial stress versus total axial strain achieved during subsequent loading steps.

value of the elastic limit was 400MPa for pre-strain of 8% (Fig. 3). It means that 41Cr4 steel
is sensitive to prior deformation and its mechanical parameters after loading to achieve 12%
pre-strain were almost 200MPa higher than those for the same material in the as-received state
obtained. The hardening was stabilized for the higher deformation reflected by similar values of
the yield point and elastic limit. One can conclude that the pre-straining created almost a perfect
elasto-plastic material with a little hardening effect. Also variations of the strain hardening ex-
ponent that was equal almost to zero for the highest strain level confirm such behaviour (Fig. 5).
As is shown in Fig. 4, the maxiumum value of axial stress versus total axial strain increased

Fig. 5. Strain hardening exponents versus total axial strain achieved during subsequent loading steps.
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during subsequent loading steps. Changes in the strength coefficient decreased asymptotically
up to the constant level with an increase in the total axial strain (Fig. 6). The power-law work
hardening equations for various values of the total strain are presented in Table 1. The true
stress-plastic strain relationship is described by the equation σ = Kεn (Li et al., 2019), where
σ is the true stress, ε is the true plastic strain, K is the strength coefficient, and n is the strain
hardening coefficient.

Fig. 6. Changes in strength coefficient versus total axial strain achieved during subsequent loading steps.

Table 1. Power-law work hardening equations for the total axial strain achieved during subsequent loading
steps for 41Cr4 steel.

Total axial strain Power-law hardening equation

1% σ = 882.41ε0.1018

2% σ = 743.44ε0.849

3% σ = 719.37ε0.0383

4% σ = 713.05ε0.0291

6% σ = 695.29ε0.0165

8% σ = 679.31ε0.0091

10% σ = 673.69ε0.0052

12% σ = 690.86ε0.0025

14% σ = 669.28ε0.001

Fig. 7. Young’s modulus versus total axial strain achieved during subsequent loading steps.

The effect of plastic deformation was also observed using the BN non-destructive method. It
was found that the rms BN envelopes are sensitive to the pre-strain level (Fig. 9). The amplitude
(Fig. 10) and the integral of BN (Fig. 11) decrease up to 6% of plastic pre-strain. For its higher
levels, both parameters take the constant value. For a better interpretation of the BN results,
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the points representing subsequent levels of prior deformation were introduced on the tensile
curve of 41Cr4 steel (Fig. 8).

Fig. 8. Tensile curve of 41Cr4 steel with points illustrating the total strain values achieved during
subsequent loading steps.

Fig. 9. Envelopes of rms BN before and after prior deformation.

Fig. 10. Amplitude of rms BN envelopes versus total axial pre-str.

Figures 11 and 14 show that the BN is most sensitive in the elastic range of stress char-
acteristic. In this case, the dislocation line length does not change significantly and the BN
depends on changes in the crystal lattice. As a consequence, a rearrangement of the magnetic
moments in magnetic domains through magnetoelastic energy takes place. In the elastic range,
dislocations bow out and create a zig-zag segment structure. It indicates that the intergranu-
lar dislocation slip started before the initial plastic stage (Wang et al., 2020). These are early
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Fig. 11. Normalized Int(Ub) versus total axial pre-strain.

signs of plastic deformation also called micro-yielding. Generally, dislocations are likely to be gen-
erated first in the grain boundary regions during micro-yielding (Stefanita, 1999). As the grain
slip process occurs partially, the plastic flow starts to appear in the material. The Barkhausen
noise signal decreases with the plastic strain until the material becomes fully macro-yielded.
If the yield point is reached, then dislocations can be formed in the grain interior and the

macroscopic yielding can occur by a massive generation of dislocations motion. In consequence,
dislocation density becomes similar in boundary regions and inside the grain (Stefanita, 1999).
The dislocation tangles of high dislocation density create pinning sites during the further

plastic deformation process. Forming dislocation configurations hinders the movement of the
domain walls and the BN signal decreases.
This means that the Domain Walls (DWs) movements are hindered by defects of larger

geometrical size (He et al., 2019). According to (He et al., 2019), magnetic domains are stuck
between the micro-defects. Plastic deformation over 1% introduced through the single-cycle
loading process changes material isotropic orientation to the unique orientation of magnetic
domains. Conversely, plastic deformation lower than 0.5% and introduced by several loading
processes leads to the cataclastic domain structures with weak orientation (He et al., 2019).
When the specimen is stretched to 3%, a dislocation density increases and distributes ho-

mogeneously. According to Mughrabi’s composite model, the structure with dislocation-rich cell
walls and dislocation-rich walls is created (Dannoshita et al., 2023). Edge dislocations create
dislocation cell walls, whereas screw dislocations are the main components of the cell interiors
(Dannoshita et al., 2023).
Dislocation tangles develop with plastic strain and dislocation lines intertwined with each

other. Within the range of strain ε = 10%–14%, dislocation pile-up occurred and dislocation net
structures consisted of high-density dislocation tangles developed (Wang et al., 2020). Moreover,
the formation of voids under tensile stress can be observed (Wang et al., 2020). The voids are
created in both regions of high dislocation density as well as the precipitated phase vicinity, and
they serve as the demagnetization areas that contribute to the BN signal reduction.
An interesting feature can be observed by the analysis of Young’s modulus variations due

to subsequent steps of prior deformation. Studies of Young’s modulus as a function of strain
were repeatedly undertaken in (Roca et al., 2014). A decrease in Young’s modulus after plastic
deformation was noticed in the low-carbon steel delivered in the form of sheets. It varied from
215GPa, 200GPa, 195GPa for pre-strain of 0%, 10% and 15%, respectively (Yamaguchi et al.,
1998). It was also observed that Young’s modulus of the low-carbon steel sheet could be recovered
to the value of undeformed sheet by subsequent annealing (Yamaguchi et al., 1998). Researchers
presumed that a decrease in Young’s modulus came mainly from the microscopic debonding at
the interface between inclusions or 2nd-phase particles and matrix (Yamaguchi et al., 1998).
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Similar tendency was obtained for a ductile iron by Berdin and HauŠild (2002). In this case,
a debonding at the interface between graphite nodules and metallic matrix was responsible
for Young’s modulus lowering. In (Rutecka et al., 2020), debonding between SiC particles and
aluminium matrix was observed in the form of small microstructural discontinuities and cracks
around SiC particles. It led to a decrease in Young’s modulus with plastic deformation (Rutecka
et al., 2020). However, in the case of 41Cr4 steel tested in this research, Young’s modulus seems
to be insensitive to prior deformation (Fig. 7). From the microstructural point of view, Young’s
modulus values could be attributed to certain categories depending on the strain range. One
can indicate the first range if ε = 1%–3%, the second one if ε = 3%–10%, and the third one if
ε = 10%–14%. As it was mentioned earlier, the first range corresponds either to micro-yielding
or macro-yielding where there are no significant material inhomogeneities, so E = 185GPa–
186GPa. The second range represents an increase in inhomogenously distributed dislocations.
Dislocations increase and interact with each other inside the crystal in the homogenous plastic
region. A threshold of the slip process is increased by the hardening of the material. So, E =
172GPa–182GPa. In the third range (ε = 10%–14%), voids in the material occur near very
high dislocation tangles. The steel structure becomes very inhomogeneous, so Young’s modulus
drops below 170GPa (takes values between 165GPa and 168GPa). An influence of dislocation
density on Young’s modulus was discussed in (Benito et al., 2005). The authors noticed that
Young’s modulus of pure iron decreased after plastic deformation from the original mean value
of 210GPa to 196GPa at ε = 0.060. Next, a slight recovery occurred and Young’s modulus
increased to 198GPa until the neck appeared at ε = 0.100 (Benito et al., 2005). An explanation
of such behaviour is based on Mott’s model (Benito et al., 2005). It was proposed that the
assumed dislocations can bow out in their glide planes, giving an extra elastic strain, and thus,
a decrease in Young’s modulus. According to Mott’s theory, the first steps of deformation in pure
iron lower Young’s modulus due to the dislocation density and the extra elastic strain increase
(Benito et al., 2005). Hence, when the cellular dislocation structure has formed during plastic
deformation at higher strains (between ε = 0.060 and 0.080), the dislocations in cell interiors
may give an extra elastic strain (Benito et al., 2005). In the early stages of deformation, the
cell structure is not able to develop, so the dislocation density in cell interiors is lower than
that in the first deformation stage observed. It causes the slight recovery of Young’s modulus
measured at the strain ranges considered. Finally, for the higher strain values than ε = 0.080, no
changes of dislocation density in cell interiors are observed and the values of Young’s modulus
are stabilized (Benito et al., 2005).
The change in parameters coming from the BN envelope can be considered separately for

low and high degrees of prior deformation. The linear relationship between the BN amplitude
and pre-strain was found (Fig. 12). Exponential dependence was observed in the case of the BN
integral and prior deformation (Fig. 14). However, both BN parameters are insensitive to higher
levels of pre-strain (Fig. 13 and Fig. 15).

Fig. 12. Amplitude of rms BN envelopes versus low total axial pre-strain.
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Fig. 13. Amplitude of rms BN envelopes versus high total axial pre-strain.

Fig. 14. Normalized BN integral versus low total axial pre-strain.

Fig. 15. Normalized BN integral versus high total axial pre-strain.

The BN signal depends strongly on dislocation density. In (Li et al., 2024), the dislocation
density was measured for similar medium carbon steel with martensitic structure for different
levels of strain. The results were shown in the form of a dislocation density diagram versus strain
(Fig. 16) (Li et al., 2024).
Dislocation densities at specific strains can be calculated using the Williamson–Hall equation

based on the X-ray diffraction (Deutges et al., 2025): β · cos(θ) = 0.9λ/D + ε · 2 sin(θ), where
θ – Bragg angle, λ – wavelength of the X-ray beam, β – full width at half maximum (FWHM)
of the Bragg peaks, D – grain size, ε – lattice strain.
The term of equation 0.9λ/D is considered to be negligibly small when the effective average

grain size that affects dislocation density calculations of the martensitic substructure is not
smaller than 1µm (Deutges et al., 2025).
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The relationship between strain and dislocation density ρ and ε can be given by the equation:
ρ = k·ε2

b2
, where ε – lattice strain, b – Burger vector, k – geometrical constant (k = 14.4 for body-

centred cubic materials) (Deutges et al., 2025).
The dislocation density variations presented in Fig. 16 enable to indicate a decrease in the am-

plitude and integral values of the half-period BN voltage signal. Dislocation density values for the
deformation range from 1% to 4% and are located near 21× 1014 [1/mm2]. However, for a strain
level of 7%, the dislocation density increases rapidly up to 26.85× 1014 [1/mm2]. Also, a rapid
change in the amplitude and the normalized BN integral can be noticed for the strain range
from 1% to 6%. The normalized Int(Ub) values changed from 0.81–0.89 in the 1%–4% strain
range to 0.37–0.40 in the strain range of 4%–6%. The values of the BN amplitude changed
from 0.31V–0.24V in the 1%–4% strain range and attained a value equal to 0.11–0.13 after
pre-strain exceeding ε = 4%. Thus, a sudden increase in the dislocation density causes a sharp
decrease in the parameters of the BN. It was observed that the greater magnetic results diversity
was obtained at the higher values of the BN amplitude. This is due to the greater sensitivity
of this parameter to the microstructure features. It seems that the microstructural forms, like
dislocations, change the stress levels in micro-regions of material, for example.

Fig. 16. Dislocation density of the martensitic medium-carbon specimens, based on (Li et al., 2024).

The experimental points representing dislocation density in Fig. 16 were approximated to
describe a character of dislocation density variation. In Fig. 17, the relationship between dis-
location density and the normalized BN integral of the half-period voltage signal Int(Ub) was
elaborated. Dislocation density values for the pre-strain levels considered in this research are
included in Table 2. Figure 17 shows that the Int(Ub) related to the dislocation density of about
21× 1014 [1/mm2] corresponds to the deformation value equal to 2%.

Fig. 17. Relationship between the dislocation density and normalized BN integral
of the half-period voltage signal Int(Ub).
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Table 2. Dislocation density values determined on the basis of approximation line
from the graph in Fig. 16.

Strain level ε [%] Dislocation density ρ [× 1014 1/mm2]

0 11.990

1 19.407

2 21.312

3 22.512

4 23.398

6 24.717

Strength and strain hardening coefficients versus the BN amplitude and integral are presented
in Figs. 18–21. Both BN parameters variations, Ub pp and Int(Ub), enable to identify n andK that
correspond to a stress region close to the yield point. The point representing pre-strain equal
to 1% can be assigned to the elastic stress section of the tensile curve and dislocation density
of about 20× 1014 [1/mm2]. Plastic deformation of a metal or metallic alloys begins at a stress
lower than the yield strength. Plastic deformation does not occur simultaneously throughout the
entire specimen volume in polycrystalline materials. A transition from the elastic stress range to
the plastic one is smooth. In practice, the elastic limit is considered to be the normal stress at
which the plastic deformation is still very small but measurable, from 0.001% to 0.05% (Dębski
et al., 1990). The next strain range that covers values from 2% to 4% is already connected
with the early plastic deformation where the dislocation density is about 21× 1014 [1/mm2] for

Fig. 18. Strength coefficient versus amplitude of BN.

Fig. 19. Strain hardening coefficient versus amplitude of BN.
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Fig. 20. Strength coefficient versus integral of BN.

Fig. 21. Strain hardening coefficient versus integral of BN.

pre-strains equal either to 3% or 4%. As a consequence, both these points are next to each other
on the graphs, especially in Fig. 20.
The points representing the pre-strain range from 6% to 14% are located close to each other

on the graphs presented in Figs. 18–21 due to the insensitivity of Ub pp and Int(Ub) parameters on
the higher total pre-strain.
Figures 22 and 23 indicate that Ub pp and Int(Ub) can be helpful in the prediction of the elastic

stress and yield point of 41Cr4 after deformation in the range of 1%–4%. Linear relationships
between the yield point/elastic limit and the amplitude/integral of the half-period voltage signal
of magnetic BN were obtained in the case of low pre-strain values (Figs. 22 and 23). The pre-

Fig. 22. Yield point and elastic limit versus amplitude of BN.
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Fig. 23. Yield point and elastic limit versus integral of BN.

strain level of 1% did not change the value of the yield point and elastic limit in comparison to the
specimen before loading. On the contrary, both magnetic parameters represented a completely
different character of behaviour. The changes in values of the magnetic parameters at the strain
range of 1%-–4% are related to the material elastic region, and therefore, the stress state of
41Cr4 steel tested came back to its initial state.

5. Conclusions

Plastic deformation leads to local changes in mechanical parameters of the material tested
in this study. This paper has indicated the possibility for simple identification of selected me-
chanical parameters of the steel subjected to prior deformation from tensile tests. This is a par-
ticularly important issue, because defects may appear during material exploitation that could
change significantly its response to further loading programmes. Linear relationships were found
between the stress limit/yield point and parameters determined from the BN method for low
pre-strain values (0%–4%). The amplitude and integral of the BN were insensitive to defor-
mations above 6%. However, the same parameters may be successfully applied for identifica-
tion of the strength and strain hardening coefficient values of ferromagnetic materials deformed
up to the stress corresponding to the yield point. In conclusion, one can indicate the BN as
a method that may provide effective technical support for devices inspection and structural
parts diagnostics.
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