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Summary. The results of experimental investigations of the damage degree of the ferromagnetic steel
05kp and austenitic (paramagnetic in the initial state) steel AISI 304 under the static and cyclic loading according
to the coercive force (Hc) value are presented. The stages of the processes of the damage accumulation are
determined: the growth of the coercive force values corresponds to the elastic-plastic strain ( crack initiation stage
), and the decrease of their values is caused by the failure of the metal solidity caused by the formation of pores
and cracks ( crack development stage ). ldentification of the damage accumulation stages by changing the
direction of the coercive force kinetics after a certain number of run cycles allows us to construct a curve of
irreversible damage (the French line type ) and to evaluate the cyclic durability not according to the fatigue curve
(destruction) of the metal, as it is considered in engineering, but at the stage of the crack initiation, which
significantly reduces the risk of destruction. The obtained results can be the basis for the development of new
approaches to the rapid assessment of the residual life of the structures metal by a simple non-destructive method.
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Statement of the problem. The latest papers in the field of the magnet structurescopy
made possible to find the similarity of magnetic and mechanical properties of some
ferromagnetic structural steels [1, 2]. The coercive force was chosen to be the main magnetic
parameter (Hc, A/cm) as the most sensitive as to the steel structure dislocation density [3] and
is of the linear dependence on the mechanical properties. As the result it could be possible to
model the tension diagram according to the coercive force changes data.

Beside the investigations of the magnetic properties of the ferromagnetic steels, the
possibility to use and change these properties in the austenitic (paramagnetic in the initial state)
steels under static or cyclic deformation for the evaluation of their strength and damage
according to the coercive force can be of the scientific and practical interest. Because of the
found sufficient differences of the ferromagnetic and paramagnetic steels coercive force
respond to the mechanical loading, the main attention in this paper is paid to the investigation
of the austenitic steel, which being loaded, demonstrates much higher values of the coercive
force, than those for the ferromagnetic steel, the effect of unloading on the value Hc being not
available. In the paper in question the ability of the austenite y —« to be structurally

transformed into the austenitic steels and the appearance of the ferromagnetic phase (a-Fe),
which cause the change of the metal magnetic properties from the paramagnetic state to the
ferromagnetic one, has been used under the external deformation effects. Under the cyclic
loading beside these transformations the initiation and accumulation of the micro-damages in
the metal take place, which result in the magnetic hysteresis loop sizes, the coercive force values
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in particular. The application of the coercive control under the fatigue loading will make
possible to carry out effective diagnosis of the current state of the structural elements beside the
other available methods of the non-destructive control [4].

Analysis of the available results of investigations. Among the other non-destructive
methods of control the coercive-metric evaluation of the metal damage of the structures made
of austenitic stainless steels (non-magnetic foremost ) is rather promising. According to the
obtained data in the paper [5] the plastic deformation of the austenitic steel increased the value
of the coercive force in 10 — 30 times and the volume of the ferromagnetic phase (a-Fe) in
15 — 150 times relatively the initial state. It results in the fact, that the level of hazard of the
permissible metal deformation in the conventional structures can be evaluated according to the
boundary values of the metal magnetic properties. The other methods of the non-destructive
control have not revealed up till now the information sensitivity to the processes of the metal
deformation.

Now under the static and cyclic loadings the whole process of the damages accumulation
is divided into two main stages: crack initiation stage and crack propagation stage, as the
regularities of the processes of plastic deformation and fracture under different types of loading
possess many similarities [6, 7, 8]. In its turn the crack initiation stage includes the stages of
static and cyclic micro-creep, the stages of static and cyclic creep (the defects of the atom sizes
and initiation submicrocracks of the thousands of angstrom sizes being initiated), and the stage
of the deformation hardening, when the submicrocracks of about 1 — 2 mkm size are being
initiated. Under tension the crack initiation stage is completed, when maximum loading is
obtained and the neck forming is started. Under the cyclic loading the stage of the cyclic
hardening (softening) is completed, when the irreversible damage line (the French line) is
approached. Similarly to the static deformation the development of damages as the
submicrocracks initiation [9] is noticed at this stage together with the processes of the
deformation hardening. The stage of the fatigue cracks development is usually described by the
kinetic diagrams of the fatigue fracture (the dependence between the fatigue crack growth rate
and the SIF range).

Under tension and cyclic deformation the stress distribution along the products cross-
section are non-uniform enough not only because of the available roughness and the stress
concentration, but because of the plastic deformation of the part surface, which isvery ~ non-
uniform, both on the surface and in the depth, and under the conditions of the uniform stress
state it is initiated earlier, than that in its centre [10]. The carried out experimental investigations
showed, for example [11], that under the uniform stress state the surface layer in the low carbon
steel has the creep boundary by 25% lower, than that of the main metal, and according to some
other data [12] the conventional creep boundary of the most thin specimens is of the 20% of the
thick specimens value, the plastic flow being on the surface at the time, when the centre is in
the elastic state. Caused by it, the fracture under the cyclic deformation, as a rule, is initiated
from the surface in the local areas.

Because of that under static and cyclic loadings the surface layers of the material are
deformed and accumulate damages earlier, than the main metal, which results in the non-
uniformity of the magnetic properties distribution along the products cross-section. Thus, the
accuracy of the magnetic forces measurement ( coercive force ) in the local surface areas will
depend on the sensor size and the depth of the metal magnetization. That is why, while
investigating the mechanical properties of metals according to the change of values of the
coercive force in the most damaged local areas of the surface layers, it is necessary to use the
coercive meters with the small-size sensors of not deep magnetization.

Statement of the task. The experimental investigations on the effect of the static or
cyclic loadings of different in the magnetic properties (ferromagnetic and paramagnetic) steels
on the kinetics of the coercive force Hc for finding the accumulation processes of the
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corresponding damages have been performed. The work was carried out in the laboratories of
the Institute for Problems of Strength named after G.S. Pisarenko of the National Academy of
Science of Ukraine and the Institute of Electric Welding named after E.O. Paton of the National
Academy of Science of Ukraine.

Method and the results of experimental investigations. The object of investigation
was the metal of the roll sheet steel 05kp of the 3mm thickness and metal from the pipes &76x3
and J159x4 with the longitudinal weld seam from the austenitic steel AISI 304 (08H18N9)
produced in Italy in accordance with the European standard EN10217-7.

The blanks for the laboratory specimens from the austenitic steel were cut in the
longitudinal direction of the pipe and were under thermal treatment according to the regime:
heating till 800°C with the heating rate (4-5) °C/min, soaking — 2 hours, cooling together with
the furnace.

Long and short laboratory specimens of 150x14x3 mm and 28x14x3,6 mm working area
correspondingly were used for the static and cyclic loading tests. The tensile and small-cycle
sign-variable (small-cycle fatigue) tests of the short specimens were carried out on the upgraded
electro-hydraulic testing machine UE-20 (SKBIM, Russia) according to the GOST 1497-84,
25.502-79 and GOST 25.505-85. Small-cycle fatigue tests of the symmetric cycle of the axis
tension-stress controlling the strain amplitude (rigid loading regime) were carried out with the
constant deformation rate 6%/min (Fig. 1). The cyclic BitayneBuii zero-strain tension tests of
the 2 cycle/min frequency of the long specimens were carried out on the testing machine IP-
4M (TsNIITMASH, Russia), provided by the drive of the cyclic load lift on the lever. All
mentioned tests were carried out at the room temperature.
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Figure 1. Diagram of cyclic deformation of a short specimen with the strain amplitude &, =+ 0,5%

The measurements of the coercive force Hc in the specimen were performed by the
structurescope KRM-C-K2M (LLC “Special Scientific Developments”, Kharkiv) according to
the standards 1CO4301, GOST 30415-96 and methodic recommendations RD ISC “Kran”
07/97/02 (Russia), MV 0.00-7.01-05 (Ukraine). To measure the coercive force value the
structure scopes with the variety of sensors different in the measurement base and sizes were
used: standard sensor D65 (base — 65mm), small-base sensor D27 (base —27mm) and the sensor
with the shortened base D12 (base — 12mm), the measurement base being the distance between
the external shoes of the magnet pole. Depending on the material and the sensor base the
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magnetization depth can be: for the sensor D63 — up to 30mm, D27 — up to 4mm, and
D12 —to Imm.

The measurement of the ferromagnetic phase (a-Fe) volume in the austenitic steel was
carried out taking advantage of the ferritometer “Ferritghaltmesser 1.053 Forster”.

Because of the non-uniformity of the mechanical properties distribution along the
thickness and the material surface, as well as because of the variety of concentrators and other
reasons, the change of structure is the most effective under the cyclic loading in the surface
layers of the metal, which demonstrate the damages accumulation and contribute to the coercive
force Hc value. As the laboratory specimens were produced from the pipe metal with the
longitudinal weld seam made of the sheet steel and are of different degrees of the accumulated
technological damages on the external and internal surfaces, being under the tensile and cyclic
strain testing, the measurement of the coercive force was performed by the smaller base sensor
/14 on the both surfaces and the sensor magnets pole shoes were located in the longitudinal and
transversal directions of the specimen.

Results of the experimental investigation of the steel 05kp under static and cyclic
tension. In Fig.2 the diagram of the long specimens tension is presented as well as the
dependence of the coercive force Hc measured by the sensor D65 on the strain (&) under
gradual short-term step-by-step of the 5% strain step loading (P) and unloading to the value
P=0. In Fig.3 the strain kinetics and the coercive force Hc values according to the number of
the applied force cycles and unloading under the cyclic tension of the 2 cycles/min frequency,
are presented.
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Figure 2. Diagram of long samples tension and
dependence of the coercitive force Hs on strain (&)
under short-term gradual step-by-step loading with

unloading

Figure 3. Strain kinetics and the coercive force He
values according to the number of cycles of
applied force with unloading under cyclic tension
of 2 cycles / min frequency

The data obtained testify, that under the static tension with the gradual step-by-step
increase of loading with unloading at every step and under the cyclic tension in the unloaded
state, the coercive force values are about by 50% greater than those of the loaded state at the
same step of loading. It should be noted, that the critical values Hc before fracture in the loaded
and unloaded states coincide and equal 7,8 A/cm. The values of the coercive force before
fracture are about in 4 times higher, than those similar values at the initial state of the metal.

Results of experimental investigation of the steel AISI 304 under tension. The
tension diagram, dependence of the coercive force Hc measured by the D27 sensor and the
ferromagnetic phase (a-Fe) volume on the strain (&) under the static tension of the short
specimens, are presented in Fig. 4. It should be noted, that at the step-by-step increase of tension
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strain by 5% the increase of the coercive force values is noticed only, when the strain equals
~ 25% (at the tension, which is lower than that of the metal ultimate strength, the drastic
decrease of the Hc values being under the further strain. At the step-by-step loading with
unloading the values of the coercive force in the loaded and unloaded states coincide. At the
initial loading stages the changes of the coercive force Hc are more affected by the strain
change, than those affected by the ferromagnetic phase (a-Fe) being formed in the austenitic
steel (y -Fe), and consists of the martensite — and ferrite — strains, which, being of the ultimate
strain values (e > 40%), becomes of the avalanche-type nature. One of the reasons of such
behavior of the coercive force can be the decrease of the residual compressing stresses, caused
by the decrease of the metal density, resulted from the crystals damage accumulation pores and
cavities appearance under the elastic tensile strain [13].

Application of the decreased base structurescope D12 made possible to investigate the
coercive force values distribution along the length of the specimen working area under tension
and sign-variable strain and to build the Hc Kinetics in the local surface zone of the specimen.
In Fig. 5 the distribution of the accumulated strains and the coercive force Hc along the working
length of the external surface of the specimen from the pipe under the step-by-step increase of
the tensile strain by 5% is presented. Under the tension up to the ~ 25% strain the increase of
the coercive force to 67,0 A/cm in the most deformed area of the specimen and further tension
take place, the decrease of the Hc values to 15,3 A/cm occurs under fracture.
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Figure 5. Distribution of strains (black lines) and
Figure 4. Strain values kinetics under static tension of the coercive force He (red lines) measured by the
short specimens and coercive force He measured by a  sensor D12 along the working length of the external
low-frequency D27 sensor surface of the working part of the short specimen
under tension

In Fig. 6 the dependence of the coercive force values measured by the sensor D12 on
the accumulated strains in the most deformed local area ( fracture ) of the specimen under
tension, when the sensor magnets shoe poles are located along and across the external surface
of the working area of the specimen from pipe is presented. When the magnets shoe poles are
located in the longitudinal direction of the specimen working area, the maximum values of the
coercive force are by 13% higher, than similar ones, the magnets shoe poles being located in
the transversal direction. The raising and dropping areas on the graphs testify the step-by-step
mechanism and the change of the prevailing mechanisms of the damages accumulation in the
metal under tension. The elasto-plastic strain corresponds to the raising area, the pores and
cracks initiation and development to the dropping area.
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In the paper [14, 15, 16] it was stated, that under static strain the plastic deformation and
damages accumulated before the neck formation are classified as the period of the crack
initiation, and the neck-forming and further fracture as the period of the crack development.
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Figure 6. Dependence of the coercive force values
measured by the sensor D12 and D27 caused by the
accumulated strain (&) in the most deformed local
zone ( fracture ) of the specimen under tension, when
the poles of the sensor magnets are positioned along
and across the outer surface of the working part of
the specimen from the pipe

Figure 7. Distribution of the ferromagnetic phase
(a-Fe) volume, the coercive force Ne, and the
accumulated strains & along the working length of
the specimen after tensile fracture

The obtained results testify, that under tension to the accumulated strain values — 25%
and stresses being below the ultimate strength, the coercive force increase is caused by the
elasto-plastic strain of the steel, which increases the magnetization of metal (coercive force),
and the decrease of the Hc values at the further strain till the ultimate strength — the pores and
cracks initiation (the metal rigidity failure resulting in the decrease of the magnetic properties).
Thus, according to the mentioned above classification under the tension causing the neck-
forming (metal ultimate strength), the crack initiation stage consists of two stages: the stage of
plastic strain resulting in the increase of the coercive force and the stage of the pores formation,
when the decrease of the Hc values occurs. Under further tension from the ultimate strength till
the fracture the increase of the pores and cracks number and sizes occurs. These assumptions
are based on the results of the small-cyclic settings of similar specimens (data are presented
below), where the change of the kinetics direction and the decrease of the coercive force values
are caused by the intensive fatigue cracks initiation and development in comparison with the
less intensive elasto-plastic strain.

Thus, according to the coercive force Hc value on the raising or dropping areas of the
curve, the residual metal strength under tension can be evaluated. In the conventional structures
the most deformed areas and the direction of the main stresses can be found according to the
position of the sensor magnets shoe poles relatively the investigated surface.

In Fig. 8 the data on the ferromagnetic phase (a-Fe) volume distribution, coercive force
Hc and the accumulated strains & along the working length of the specimen under tension after
the fracture, are presented. The presented data testify, that the strain accumulation being above
25% (in the case in question after the fracture the accumulated strain in all investigated zones
of the working area of the specimen exceeded 40%), the decrease of the coercive force values
occurs, which is caused by the metal rigidity failure, and does not result in the increase of the
ferromagnetic phase (a-Fe) volume. Unfortunately, we failed to measure the values of the
ferromagnetic phase (a-Fe) volume in the centre part of the specimen, because of the limitation
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(50%) of the measurement range of the applied in this work ferritometer (exceeding of the (-
Fe) values by more than 50% is marked in the figure by the arrows). The strain increase (plastic
at first, and then that resulted from the increase of the pores and cracks number and sizes) in
the investigated zones of the working area of the specimen causes the increase of the
ferromagnetic phase (a-Fe) volume.

The obtained data demonstrate the complex deformation processes and the pore-crack
initiation, which affect the metal magnetic properties and need further physical investigations.

Results of the experimental investigations of the steel AISI 304 under cyclic
loading. Because of non-uniformity of the mechanical properties and stresses distribution along
the products cross-section, which causes non-uniformity of the magnetic properties distribution,
the experimental investigations dependence of the structurescope sensor base determining the
square and the depth of the metal magnetization on the coercive force value, were carried out
in this paper for the conditions of the cyclic loading.

In Fig. 8 the kinetics of the coercive force values according to the loading cycles with
the sign-variable strain amplitude ¢, =+0,4% depending on the sensors measurement base is

shown. Due to the obtained data it follows, that when the measurement base decreases
(measurement location increase), the coercive force Hc value increases too. Thus, application
of the structurescope of not deep magnetization with the decreased sensor base D12 makes
possible to obtain greater values of the coercive force and to investigate its kinetics more
precisely in the surface local zones of the metal under tension and cyclic loading.
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Figure 9. Kinetics of the coercive force Hc
measured by the D12 sensor in the fracture zone in
terms of the number of load cycles with the

amplitude £, =%0,4% of the sign-variable strain

depending on the location of the poles of the sensor
magnets along or across the external surface of the
specimen from the pipe

Figure 8. Kinetics of the coercive force values
in terms of the number of working cycles with the

amplitude &, =%0,4% of the sign-variable strain
depending on the sensor measurement base

In Fig. 9 the coercive force kinetics measured by the sensor D12 in the fracture zone
according to the loading cycles with the sign-variable strain ¢, =+ 0,5% amplitude depending

on the location of the sensor magnets shoe poles along or across the external surface of the
specimen from the pipe, is presented.

The fatigue crack initiation ( metal rigidity failure ) in the fracture zone after 1600 cycles
of the cyclic sign-variable strain caused the break and change of the coercive force kinetics
direction according to the loading cycles. It should be noted, that in the fracture zone under
cyclic strain, when the sensor magnets shoe poles are located along the external surface of the
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specimen from the pipe, the maximum values of the coercive force similar to those under
tension, exceed similar values by 13%, when the sensor magnets shoe poles are located across
the working area of the specimen.

Under the cyclic sign-variable strain being in operation during 1600 loading cycles, the
main fatigue crack has been initiated on the external surface in the upper middle working area
of the specimen from the pipe. In Fig. 10 the photo of the cracked specimen on the external
surface of the specimen after the cyclic run before the main crack initiation (in the upper middle
area of the specimen ) of the 19% square of the nominal cross-section, is presented. Beside the
main crack the initiation of some smaller cracks ( ~ 1 mm ) in the lower area of the specimen
occurred. It should be noted, that the through fatigue cracks were initiated and developed only
on the external surface of the specimen, in its internal surface they were not available.

S R o o

Figure 10. Photo of the cracked specimen on its external working part from the pipe after cyclic run before the
main crack initiation of the 19% size of the nominal cross-section

In Fig. 11 the coercive force Hc Kinetics is presented according to the loading cycles
number on the external and internal surfaces of the specimen in the fracture zone, when the
sensor magnets shoe poles are located along the working length of the specimen. The crack
initiation on the external surface of the specimen causes the decrease of the coercive force
values as the result of the magnetic properties decrease. At the same time on the internal surface,
where the elasto-plastic strain occurs and the fatigue crack are not available, the growth of He
takes place and its kinetics direction change is seen. It testifies the fact, that under the cyclic
loading the decrease of the coercive force values on the external surface of the specimen from
the pipe is the result of the material rigidity failure (initiation and effective development of the
fatigue crack) along with the sufficiently less elasto-plastic strain. Here, the further growth of
Hc occurs being caused by the plastic strain on the internal surface of the specimen from the
pipe, where the cracks are not available ( the material rigidity failure does not occur ), and the
change of its kinetics direction is the result of the sensor sensitivity to the available under-
surface cracks. Such condition testifies the fact of possibility to reveal the under-surface cracks
by the structurescope with the small-size sensor of not deep magnetization.

The rupture on the coercive force kinetics curve according to the number of the loading
cycles under the cyclic sign-variable strain (see Fig. 9) testifies the step-by-step nature of the
metal fracture processes: the growth of the coercive force values corresponds to the elasto-
plastic strain (crack initiation stage), and the decrease of the Hc values — to the crack
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development stage caused by the decrease of the metal magnetic properties at its rigidity failure.
Thus, under the cyclic loading the application of the structurescopy makes possible to reveal
the moment of the metal rigidity failure according to the change of the coercive force kinetics
direction after some period of the operation life and to build the curve of the irreversible damage
(the French line type) and to estimate the cyclic durability not according to the metal fatigue
(fracture) curve as it is considered to be in engineering, but at the stage of the crack initiation
stage, which sufficiently contributes to the decrease of the fracture risks.
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Figure 11. Kinetics of the coercive force on the external and internal surfaces of the specimen from the
pipe in the zone of destruction at the position of the sensor magnets shoe poles along the working length of the

specimen under cyclic strain with the amplitude ¢, =+0,5%

In Fig. 12 a, b the distribution of the coercive force Hc values on the external surface of
the working length of the specimen under the cyclic sign-variable strain with the amplitude
e, =10,5%), when the sensor magnets shoe poles are located along (a) and across (b) the
specimen from pipe is presented. The difference of the coercive force fields distribution, when
the magnets shoe poles are located along and across the external working surface of the
specimen, is that of the insufficient (~ 13%) differences in the Hc values.

o

Hec, A/cm He, A/em crack
= rack 50
soif n=2341cr C:flfk S n2341 // s
1802 / ,~ s gl 2202
== b o ~ 2
55 F 2004 2202 2004 1802
50 - 40 -
prys 33 ‘ 1602
40 30 g 1403
350 Bt
25 | 1202
30 -
] — 1002
B5C 602 ] 20/ 5 X\ 802
20 By 15F i ¢
15
10 - 02
10 - . )
<k s[ b 132
0L 0k

Figure 12. Distribution of the coercive force Hc values on the external surface of the working length of
the specimen under cyclic strain with the amplitude of the elastic-plastic strain &, == 0,5% at the position
of the sensor magnets shoe poles along (a) and across (b) the specimen from the pipe
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In Fig. 13 the data on the ferromagnetic phase (a-Fe) volume and the coercive force He
distribution along the working length of the specimen after the sign-variable cyclic strain before
the fracture with the elasto-plastic strain amplitude ¢, =+ 0,5% are presented.
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Figure 13. Distribution of the ferromagnetic phase (a-Fe) volume and the coercivity of the Ns on the working
length of the specimen after the sign-variable cyclic strain before the fracture with the amplitude of the elasto-

plastic strain &, =+ 0,5%

It follows from the obtained data, that the number of the sign-variable strain cycles being
increased as well as under tension (see Fig.7), the increase of the coercive force value occurs
caused by the intensive elasto-plastic strain till the metal rigidity failure. After that its values
decrease caused by the decrease of the magnetic properties at the increase of the cracks number
and size under the less intensive elasto-plastic strain. Here, the continuous growth of the
ferromagnetic phase (a-Fe) volume occurs up to the fracture. Thus, taking advantage of the
coercive control method it was managed to determine, that the structural changes of the metal,
assessed by the change of the ferromagnetic phase (a-Fe) volume, do not show the damages
accumulation processes proper enough.

As under the cyclic strain the values of the coercive force depend on the direction of the
sensor magnets shoe poles location relatively the direction of the applied loading (see Fig.12 a,
b), the application of the structurescope with the sensor D12 for the conventional structures
makes possible to determine the direction of the main stresses and to reveal the fatigue crack
initiation. In Fig.14 the data of the force Hc values in the crack zone and the threshold areas
after the cyclic run (the strain amplitude ¢, =+0,4%) till the cycles number n=7204 (the crack

square being of 16,7% of the nominal) and n=7328 (the crack square being 33,4% of the
nominal) when the fatigue crack is located in the middle between the sensor magnets shoe poles
(in the crack zone) and in the distance of 6mm from the sensor centre in all directions from the
crack (the crack threshold area) from the external (a) and internal (b) surfaces of the specimen,
when the sensor magnets shoe poles are located along and across the specimen working area
are presented. The sensor magnets shoe poles being located along the external surface of the
working area of the specimen (along the direction of the loading application, that is,
perpendicular to the crack direction), there are sufficiently smaller values of the coercive force
relatively the the periphery zones, which makes possible to reveal them. It should be noted, that
on the internal surface of the specimen from pipe, where the crack are not available, the decrease
of the coercive force values occurs just over the crack itself, when the sensor magnets shoe
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poles are located along the working area of the specimen (Fig.14 b). It testifies the possibility
to reveal the under-surface cracks by the sensor of not deep magnetization D12 of the decreased
base of measurement. When the sensor magnets shoe poles are located across both the external
and internal working area of the specimen, the coercive force does not respond to the available
crack.

Thus, the obtained experimental results testified sufficient differences of the
ferromagnetic steel 05km and austenitic (paramagnetic in its initial stage) steel AISI 304 in
respond to the change of the coercive force values under the mechanical loading and unloading.
Under the static and cyclic tension of the laboratory specimens from steel 05k and AISI 304
the maximum values of the coercive force differ in almost one order.

The ferromagnetic steel 05kp tends to increase by 50% the coercive force values in the
unloaded state than in that loaded one, for the steel AISI 304 such respond being not available.

He, A/em
He, A/em sensor across the sample . sencor across the sample
A —A— - n7204, crack 16,7% 50 F 2 —A— - n7204, crack 16,7%
50+ —Ww—-n7328, crack 33,47% ‘\b —v—-n7328, crack 33,47%
45t Srow
f
40t 40 u
e (]
<9
35+ g 350
30+ 30 -
sensor along the sample sensor along the sample
251 —@=-n7204, crack 16,7% 251 —@—-n7204, crack 16,7%
—B—-n7328, crack 33,47% —m—-n7328, crack 33,47%
20 . .
15 20 25 30 20 ‘ ‘ ‘ ‘
. 15 20 25 30
length of working part, mm .
length of working part, mm
a) 0)

Figure 14. The coercive force value on the external (a) and internal (b) surfaces of the specimen at the
position of the sensor magnets shoe poles along and across the working part of the specimen
(at n =7204 and n = 7328 the number of cycles)

Application of the structurescope makes possible to separate the damages accumulation
under tension or cyclic sign-variable strain on the crack initiation stage, caused by the elasto-
plastic strain, and the stage of the crack development, caused by the metal rigidity failure
(including pore formation). The paper in question did not deal with the damage accumulation
nature at the crack initiation and crack development stages. To study the physical nature of the
damages accumulation some metallographic investigations are expected to be carried out.

The developed method of the coercive-metric control can be widely applied, foremost,
for the engineering health monitoring of the structural elements from the austenitic steels, and
after the corresponding investigations have been completed, for the ferromagnetic steels in the
nuclear power-engineering, aircraft and space engineering, chemical industry, etc.

Conclusion.

1. Experimental interpreting of the possibility to evaluate the damage degree of the
investigated steels according to the coercive force value taking into account its kinetics under
the static and cyclic loading, was carried out.

2. Sufficient differences of the ferromagnetic steel 05xp and the austenitic
(paramagnetic in its initial state) steel AISI 304 coercive force respond to the unloading under
the mechanical loadings, have been determined.

3. The residual strength of the metal can be evaluated according to the coercive force
values on the raising or dropping areas of the Hc kinetics curves under tension or cyclic sign-
variable strain.
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4. Taking advantage of the structurescope made possible to determine the stage-by-stage
nature of the damages accumulation processes under the static or cyclic loadings: the growth of
the coercive force values corresponds to the elasto-plastic strain (the crack initiation stage), and
their decrease is caused by the metal rigidity failure, when pores or cracks are initiated (the
crack development stage).

5. The stage-by-stage damages accumulation according to the change of the coercive
force kinetics direction after some run cycles number makes possible to build the curve of the
irreversible damage (the French line type) and to evaluate the cyclic durability not according to
the metal fatigue (fracture) curve, as it is assumed to be in engineering, but at the crack initiation
stage, which greatly contributes to the destruction risks decrease.

6. The possibility to take advantage of the structurescope for the monitoring of the most
loaded zones of the important structural elements for revealing the most deformed areas, when
the directions of the main stresses are found, as well as the metal rigidity failures, when the
pores and fatigue cracks are being initiated, has been shown. The sensors with the small-base
measurement of the coercive force can reveal both the surface and under-surface cracks.

7. It was determined, that it is possible to adapt the coercive kinetics to the tension
diagram, the deformation and the coercive force distribution along the working length of the
laboratory specimen being built. Under the cyclic deformation it is possible to build the kinetics
of the coercive force values distribution along the working length of the laboratory specimen
according to the number of the loading cycles and to reveal the most damages zones, the fatigue
cracks initiation and development being specified as well.

8. Under the tension or the cyclic sign-variable strain the increase of the coercive force
values is caused by the elasto-plastic strain, and the decrease of the Hc values is caused by the
fact, that the metal rigidity failure processes prevail over the deformation processes, caused by
the change of the metal structure evaluated by the formation of the ferromagnetic phase (a-Fe)
volume. The metal structure changes estimated by the change of the ferromagnetic phase (o-
Fe) volume do not show the damages accumulation processes.

9. The obtained results can be the base for development of new approaches to the rapid
evaluation of the residual life of the structures metal taking advantage of the simple non-
destructive method.
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VJIK 539.4

OIIIHIOBAHHS MOIIKO)KEHb METAJIY KOHCTPYKIIIA ITPHA
CTATUYHOMY TA IUK/ITYHOMY HABAHTAKEHHI 110
BEJIMYUHI KOEPHUTUBHOI CHNJIN

Ouekciii Tonkano!; Fennaniii Besaoabko?; Boaoquvup Hexorsmmii®

Y nemumym npobaem miynocmi imeni I'.C.ITucapenka HAH Yipainu,
Kuis, Ykpaina
2000 "Cneyuanvuvie nayunvie paspabomxu”, Xapoxis, Yrpaina
$Iucmumym enexmposearosanns imeni €.0. Ilamona HAH Yxpainu,
Kuis, Yxpaina

Pesiome. Hagedeno pesynomamu — eKCNEPUMEHMANbHUX — OOCNIOJNCEHb — OYIHIOGAHHA — CMYNEHs
ROUWIKOOMCEeHHS hepomaznimmol cmani Skn ma ayemenimnoi (napamazuimuoi y nouamkogeomy cmani) cmani AISI
304 npu cmamuunoOMy ma YUKIIYHOMY HAGAHMAJICEHHI no eenuyuni koepyumueHoi cunu (Hc). Bemanoeneno
cmaoitinicmes  npoyecié HAKONUYEHHs NOWKOOJICeHb: 3DOCMAHHA 3HAYEHb KOepYUMuUGHoi cuiu 6ionogioae
NPYHCHO-NIACMUYHOMY 0eqhopMy6anHio (cmaodii 3apoodicenHss MpIWuHU), a 3HUNCEHHS IX 3HAYeHb Nog'si3ane 3i
8Mpamor0 CyyitbHoCmi Memany npu GUHUKHEHHI nop i mpiwun (cmaodis po3sumxy mpiwunu). Bcmanoenenns
CMAaoiiHOCMi HAKONUYEHHS NOWKOONCEHb NO 3MIHI HANPAMKY KIHeMUKU KOepYUmueHoi Cuiu nicisi NeHO20 Yucia
YUKII8 HANPpayto8aHHs 00360J5€ NOOYOy8amu Kpusy He3860pomuoi nowkooscyearnocmi (muny ninii @penua) i
OYIHIOBAHHS YUKITUHY 008208IYHICMb He NO KPUBI momu (PYUHYBAHHIO) MEMAny, sIK NPUUHAMO 8 IHX#CEeHEePHill
npaxmuyi, a Ha cmaoii 3apoo0XHCeHH MPIWUH, WO ICTMOMHO 3HUNCYE PUUKU PYUHY8anHa. Ompumani pesyromamu
MOJHCYMb Cmamu 0CHOB0I0 011 pO3POOIEHHSA HOBUX NIOX00i6 00 eKCHPEeCHO20 OYIHIOBAHHS 3ATUKOBO20 PeCypCy
Memany KOHCMPYKYill nPOCMUM HepYUHIBHUM MEeMOoOOM.

Kniouogi cnoga: cmpyxmypockon, poboya uacmuna 3paska, Koepyumuena cuna, oegpopmayis, mpiyunu
6MOMU, NOUKOOIICEHHS.

Ompumano 19.09.2017
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