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Summary. This paper presents the results of experimental studies on the response of the coercive force 

to the mechanical loads of laboratory samples from ferromagnetic steels of 05kp, 17G1C and steel 20. It is shown 

that the differences in the response of the coercive force to the mechanical loads of ferromagnetic and austenitic 

steels are in the physical nature of these phenomena. For ferromagnetic steels, changes in the values of coercive 

force in static and cyclic deformation are associated with the ordering of the domain structure of the metal (from 

chaotic to directed). For paramagnetic (non-magnetic in the initial state), changes in the values of coercive force 

in static and cyclic deformation are associated with structural transformations of the original austenite into a 

deformation martensitic with a finite ferrito-perlite decay, which causes a change in the magnetic properties of 

the metal from the paramagnetic into the ferromagnetic state. The device proposed by the author with the modified 

design of the sensor allowed to obtain new data on the response of the coercive force to mechanical loads and to 

establish the basic laws of deformation and destruction of the metal in the most loaded and damaged local zones, 

including areas of stress concentration, elements of structures made of ferromagnetic steels. It has been 

experimentally established that when measured in mechanical load, the measured values of the coercive force 

depend on the orientation of the poles of the sensor magnets relative to the direction of loading. At static or cyclic 

loading to stresses that exceed the boundary of fluidity, after unloading, the value of coercive force in 1,5–2 times 

exceeds the same values in the loaded state. At the same time, in the case of static or cyclic loading with excess of 

the existing stresses of the boundary of flux during unloading, there is a reversible turn in 900 directions of the 

maximum values of the coercive force that causes the corresponding «jump» of these values. The detection of a 

sharp change in the values of the coercive force, in excess of the stresses of the boundary of fluidity, during the 

monitoring of the VAT of structural elements allows to establish the boundaries of plastic and elastically deformed 

metal and may be the background for the use of other non-destructive research methods, for example, measuring 

the thickness of the metal and finding defects. The use of a coercimetry control allows separating the damage that 

is obtained in the metal under conditions of elastic deformation and damage caused by elastic-plastic and plastic 

deformation, as well as destruction. The dependence of the values of the coercive force on the orientation of the 

direction of measurement relatively the direction of loading allows us to determine the direction of the main 

stresses. The present results can be useful in diagnosing the quality of modern technologies, for example, the local 

https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2019.0


On estimation of the structural elements damage according to coercive force. Message 3. Results of experimental 

studies of the possibility of using a coercive-metric control to estimate the degree of damage of ferromagnetic 

steels under mechanical loading 
 

 

8  ………... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03 

heat treatment of constructive elements of the type «thermoshocks» and in developing a method for evaluating the 

residual stresses from welding. The experimental results obtained give an optimistic prediction of the possibility 

of using a coercimetric control to monitor the accumulation of damage in ferromagnetic metals by changing the 

values of the coercive force. 

Key words: structurescope, coercive force, load, damage, stress, deformation, destruction. 

 
https://doi.org/10.33108/visnyk_tntu2019.03.007    Received 29.05.2019 

 

Response of the coercive force to the small-cycle «soft» loading of samples without 

stress concentratrators. Experimental investigations of the coercive force response to the 

static and cyclic tension were carried out on the laboratory samples made of steel 05кп the sizes 

of the working part being 150х14х3 mm, using the structurescope with multidimension sensor 

D65 (measuring base is 65 mm). In Figure 1 a the diagram of the samples tension and the 

dependence of the coercive force Нс on deformation ( ) under gradual short-term step-by-step 

load (Р) with the further unloading to the Р=0, is presented. In the Figure 1 b the diagram of 

the deformation kinetics and the coercive force values Нс according to the number of cycles of 

the applied forces with the unloading at the cyclic tension is presented, the cyclic tension being 

of frequency 2 cycles/min. It should be noted, that at the initial state the value of the coercive 

force for steel 05кп was about 2 А/сm. 
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Figure 1. The striation pattern of the samples and the dependence of the coercitive force Hс (sensor D65) on 

the deformations ( ) under a short-term gradual step-by-step loading (P) with an unloading to the values 

P = 0 (a) and the kinetics of the deformations and the values of the coercive force Hc according to the 

number of cycles of the applied effort with the unloading at the cyclic tension of frequency 2 cycles/min. (b) 

 

The obtained data show, that the number the static and cyclic tension and, being unloaded 

at every stage, the values of the coercive force in the unloaded state and measured in the same 

direction, are in about 1,5–2 times higher than those in the loaded state at the same stage of 

loading. It should be noted, that critical values of Нс before fracture in the loaded and unloaded 

states coincide and equal 7,8 А/сm. The values of the coercive force before fracture almost in 

4 time exceed the similar values at the initial state of the metal.  

The application of the smalldimension sensor D12 made possible to determine the 

dependence of the coercive force values on the orientation of the sensor poles relatively the 

loading direction under static and cyclic tension of the laboratory samples with the sizes of the 

working part 135х26х2,0 mm, made of the pipe  630х8 of steel 17Г1С after long-term 

operation of the heating plants. The experimental results of the cyclic-tension testing of the 

laboratory samples, being under real hydraulic loading conditions and corrosion wearing, are 
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presented below. During testings the cyclic tension stresses, simulating the hydraulic loading, 

were 1,15 … 1,25 of the stresses of the standard mode of the heating plants operation. Corrosion 

wearing was simulated while raising the acting stresses by 7%. The conventional yield 

boundary of the pipe metal was MPa2,4132,0  . It should be noted, that the minimum initial 

values of the coercive force were 5,2 А/cm and the tips of the magnet poles were located across 

the sample direction (along the rolling) and 7,5 А/cm, when the tips of the magnet poles were 

along the sample direction (across the rolling), which is associated with the anisotropy of the 

metal mechanical properties, which is the characteristics of the pipe steels [1, 2, 3]. 

In Figure 2 a, b the kinetics of the coercive force of the fracture area being in the loaded 

state under the cyclic tension stresses and orientation of the magnet pole tips across (a) and 

along (b) the working part of the sample are presented. Here 
max  – are stresses simulated by 

the hydraulic testings, 
min  – are stresses under the standard mode of loading. It should be 

noted, that, when the magnet pole tips are oriented across the working part of the sample 

(Fig. 2 a) irrespective of the stress value, the monotonic growth of the coercive force values 

takes place, their values being sufficiently greater under fracture. 
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Figure 2. Kinetics of the coercive force in the zone of destruction in the loaded state under the action of 

cyclic tensile stresses and orientation of the tips of the poles of the magnets across (a) and along (b) the 

working part of the sample 

 

Being in the loaded state, when the magnet pole tips are oriented along the working part 

of the sample under elastic deformation ( 2,0  ), the increase of the coercive force values 

takes place up till their maximum values, when the conventional yield boundary of stresses is 

reached, and further, when stresses are increased ( 2,0  ), their rapid decrease takes place 

(jump) about 20% of the coercive force value. During the further cyclic tension, when stresses 
grow, the gradual increase of the coercive force values takes place, which under fracture are 
about equal to that of the conventional yield boundary. 

In the Figure 3 a, b the kinetics of the coercive force in the fracture area of the sample 
being in the unloaded state after cyclic loading, when the magnet pole tips are oriented 
across (a) and along (b) the working part of the sample, is presented. In the unloaded state 
(Fig. 3 a), when the magnet pole tips are oriented across the working part of the sample after 

stresses exceeding the values of the conventional metal yield boundary 2,0  , rapid, almost 

in two times higher growth of the coercive force values takes place, which, in fact, does not 
change its values up till fracture. And only during fracture the growth of values Нс takes place 
by 14%. 

In the unloaded state, when the magnet pole tips are oriented along the working part of 
the sample (Fig. 3 b), after stresses exceeding the conventional yield boundary of the metal, 
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rapid decrease of the coercive force values by 27%, which gradually increase, takes place. 
During the fracture the rapid increase of the coercive force values takes place up to the value, 
which is about the values of the coercive force after the elastic stresses, which do not exceed 

the conventional yield boundary (
2,0  ). 
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Figure 3. Kinetics of the coercive force in the area of the sample fracture in the unloaded state after cyclic 

loading when the tips of the poles of the magnets are oriented across (a) and along (b) the working part of 

the sample 
 

It should be noted, that in the loaded state (Fig. 4 a), when the magnet pole tips are 

oriented along the sample (the direction of the magnetization force lines of magnetic field is 

oriented across the longitudinal axis of the sample), the direction of the maximum values of the 

coercive force coincides with the loading direction. In the unloaded state after loading 

(Fig. 4 b) the direction of the maximum values of the coercive force is oriented parallel to the 

loading direction and corresponds the orientation of the magnet pole tips across the sample (the 

direction of the magnetization force lines of magnetic field). Here, after the plastic deformation 

of the metal ( 2,0  ) under unloading up to 0  the turn in 900 of the maximum values of 

the coercive force takes place. Similar mechanisms of behavior of the ferromagnetic steels 

magnetic properties under loading with the further unloading are described in the papers 

[4, 5, 6]. 
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Figure 4. Graphs of the distribution of the values of the coercive force on the surface of the laboratory sample 

in the loaded state (a) and after loading (unloaded state) (b) 
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Response of the coercive force to the small-cycle «soft» loading of samples with the 

stress concentrators. Experimental investigations of the coercive force response to the cyclic 

tension were carried out on the laboratory samples made of steel 17Г1С with the stress 

concentrators in the form of 5 through holes:  0,5 mm;  1,0 mm;  1,5 mm;  2,0 mm and 

 2,5 mm (Fig. 5). 

 

 
 

Figure 5. Photos of sample with stress concentrators in the form of through holes:  0.5 mm:  1.0 mm; 

 1.5 mm;  2.0 mm and  2.5 mm after testing 

 

In the Figure 6 the graphs of distribution of the coercive force values along the surface 

of the laboratory sample with the stress concentrators in the form of through holes: 

а) –  0,5 mm; b) –  2,0 mm; c) –  2,5 mm under elastic (left column) and plastic (right 

column) deformation. In the figure the graphs of the coercive force distribution along the 

surface of the laboratory sample with the stress concentrators under the loaded state are marked 

by the red colours and in the unloaded state (after some loading) – in blue-green colours.  

After the elastic deformation till the stress gross values 0,9 
2,0  of the metal in the area 

of the stress concentrators from the holes  0,5 mm,  1,0 mm and  1,5 mm in the unloaded 

state the maximum values of the coercive force are of 71,4% of the loaded state (Fig. 6 a – is 

elastic deformation) and their direction coincides with the loading direction. Here, presented in 

Figure 6 a the appearance of graphs for the coercive force distribution on the sample surface 

under the elastic deformation in the area of the hole  0,5 mm is similar to that of the Нс graph 

for the samples with the holes  1,0 mm and  1,5 mm. After elastic deformation up to the 

stress gross values 0,9 2,0  of the metal in the unloaded state ( =0) in the area of stress 

concentrators from the holes  2 mm and  2,5 mm (the nominal stresses were equal to 402,98 

МPа and 411,19 МPа respectively and lower than the conventional yield boundary 2,0  = 

413,2 МPа), there happened the increase of the coercive force values relatively the similar areas 

with the concentrators holes  0,5 mm,  1,0 mm and  1,5 mm. Here, after the elastic 

deformation in the concetrator from the holes  2,0 mm and  2,5 mm under unloading, the 

device registers the maximum values Нс being turned in the direction of 900 (Fig. 6 b, c – elastic 

deformation) 

The increase of the hole diameter from  2,0 mm to  2,5 mm under elastic deformation 

till the stress gross values 0,9 
2,0  causes the increase of the volume of the elastically deformed 

metal in the local area of the hole, and, correspondingly, increase of the coercive force values 

in the unloaded state (relatively the loaded state) from 82% (for the hole  2,0 mm) till 100% 

(for the hole  2,5 mm, where the value Нс in the loaded and unloaded states almost coincides, 

Figure 6 c – elastic deformation). Registered by the device growth of the coercive force values 

in the unloaded state after loading till the gross stresses 0,9 2,0  in the area of the stress 

concentrators from the holes  2 mm and  2,5 mm is associated with the sensor sensitivity to 

the volume of the elastically deformed metal in the area of measuring, where the acting stresses 

exceeded that conventional yield boundary, which specify the change of direction (turning in 

900 and the absolute values Нс (Fig. 6 b, c – elastic deformation). 
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Figure 6. Diagrams of the distribution of the values of the coercive force on the surface of the laboratory 

sample with the stress concentrators in the form of openings: (a) –  0.5 mm; (b) –  2.0 mm; 

(c) – 2.5 mm for elastic (left column) and plastic (right column) deformation 

 

It should be stressed, that if the coercive force does not response to the elastic 

deformation of the gross stresses of 0,9 2,0  of the samples with the stress concentrators from 

the holes of  0,5 mm,  1,0 mm and  1,5 mm, it is caused by the unsufficient sensitivity of 

the sensor to the small volume of the plastically deformed metal in the area of measuring, where 

the acting stresses exceed the conventional yield boundary. The value of the volume of the 
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plastically deformed metal, where the sufficient change of orientation of the metal domain 

structure in the area of measuring takes place, depends on the distribution of normal stresses x  

in the depth and surface of the hole, (Fig. 7 a, b) [4, 5, 6]. 
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Figure 7. Distribution of normal stresses in the depth of the hole (a) and its surface (b) 

 

Thus, the sensitivity of device with the sensor D12 for measuring the values of coercive 

force to the stresses concentration is specified by the correlation of elastically and plastically 

deformed metal values in the area of measuring. It can be the base for the development of the 

non-fractured methods for estimation of stresses in the area of stresses concentration. 

Under the plastic deformation (Fig. 6 a, b, c – plastic deformation) in the area of the 

stress concentrators from the holes  0,5 mm,  2,0 mm and  2,5 mm in the unloaded state 

the maximum values of the coercive force equal (113,4–129,4)% of the similar values in the 

loaded state.  

If the kinetics of the coercive force under step-by-step loading with unloading is 

analyzed, it should be stressed that under elastic deformation ( 2,0  ) irrespective of the 

available stress concentrators and depending on the value of the applied stresses, the values Нс 

in the unloaded state can be equal 70–90% of the similar values in the loaded state (Fig. 8) and 

their direction coincides with the loading direction. Under the plastic deformation 

( 2,0  ), depending on the value of stresses being applied, the value of the coercive force in 

the unloaded state can be equal to 114,2–140,8% of the similar values in the loaded state. Here, 

in the unloaded state after the step-by-step loading with unloading during the transition from 

elastic to plastic deformation, the turning in 900 takes place towards the maximum values of the 

coercive force (in Fig. 8 it is not shown). Thus, under elastic deformation in the loaded state the 

values of the coercive force are higher than those similar ones in the unloaded state and their 

direction coincides with the loading direction. Although, under plastic deformation, on the 

contrary, the values of the coercive force in the loaded state are lower, than those similar values 

in the unloaded state, and during the transition from elastic to plastic deformation the turning 

in 900 takes place towards the maximum values of the coercive force.  

  

https://doi.org/10.33108/visnyk_tntu2019.0


On estimation of the structural elements damage according to coercive force. Message 3. Results of experimental 

studies of the possibility of using a coercive-metric control to estimate the degree of damage of ferromagnetic 

steels under mechanical loading 
 

 

14  ………... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03 

 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

4 6 8 10 12 14 16 18

Hc, A/cm


gr

/
     solid metal

 (between hubs)

- 
gr

/
0,2

 - =0

 hub, D=0,5 mm

 - 
gr

/
0,2

 - =0

hub, D=2,0 mm

 - 
gr

/
0,2

 - =0

 hub, D=2,5 mm

 - 
gr

/
0,2

 - =0

 

Figure 8. Kinetics of coercive force outside the 

stress concentrators (between concentrators) and 

in the hole area  0.5 mm,  2.0 mm and 2.5 mm 

under step-by-step loading with unloading, 

depending on the value of stress 

 

Response of the coercive force to the multicycle loading of samples without the 

stress concentrators. In order to determine the response of the coercive force to the multicycle 

loading the testings of the laboratory samples made of steel 20 without the stress concentrators 

with the sizes of the working part 12х20х5,8 mm have been carried out under the axis sign-

variable tension-compression of the frequency 84 Hz at the yield boundary stresses (

МПаa 5,169 ) and the stress cycle asymmetry 1R . 

In the Figure 9 the kinetics of the coercive force values according to the number of 

loading cycles in the area of sample fracture under the orientation of the sensor magnet pole 

tips across (a) and along (b) the working part of the sample is presented. As during the scanning 

of the coercive force values on the sample working part surface and the adjacent to it areas the 

measuring was performed with the step of 6 mm (half of the device meter base), the value Нс 

was found twice, in the fracture area in particular. It should be stressed, that the fracture of 

laboratory samples occurred along the fillet (transition area from the working part along the 

radius till the area of clamp in the active capture) of the sample, the stresses amplitude being 
n

a

f

a  87,0  of the nominal stresses ( n

a ) with the minimal cross-section area along the 

middle of the working part of the sample. Initiation of the sample fracture was accompanied by 

the rapid decrease of the loading frequency resulted from the crack growth. Here, because of 

the fact, that the sensor measuring base is large enough, and the fatigue crack square being 0,25 

of the nominal square of the cross-section in the fracture area, the changes of the coercive force 

values were not registered. And, only under the further growth of the fatigue crack till the 

fatigue crack square up to 0,5 of the nominal square of the cross section in the area of fracture, 

the sufficient changes of the coercive force values have been registered in the fracture area. 

Thus, under the multicycle fatigue the device overall dimension sensor is able to register only 

large enough cracks, when the metal fracture starts affecting the values of the magnetic 

characteristics in the area of measuring the coercive force. That is, under the multicyclic fatigue, 

when the basic volume of the metal in the area of measuring undergoes the elastic deformation 

without sufficient changes of the magnetic characteristics values, the sensitivity of the device 

to the coercive force response to the cracks initiation is specified by their sizes. 
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Figure 9. Kinetics of the coercive force values in terms of the number of loading cycles in the area of 

fracture of the sample when the tips of the magnet poles of the sensor are oriented across (a) and along (b) 

the working part of the sample 

 

Generalization of the investigation experimental results. The presented device with 

the improved design of the sensor makes possible to obtain new data on the response of the 

coercive force to the mechanical loadings and to determine the main regularities of metal 

deformation and fracture at the most loaded and fractured local areas, in the areas of the stresses 

concentration in particular, of the structure elements made of the ferromagnetic steels. 

The analysis of the obtained results is promising for the possibilities to apply the 

coercive-metric control for monitoring the fracture accumulation according to the change of the 

coercive force values. Here, it should be stressed that under elastic-plastic static and cyclic 

deformation the application of the coercive-metric control makes possible to separate fractures 

obtained in the metal under elastic deformations and those obtained under elastic-plastic and 

plastic deformations up till the fracture. Rapid increase of the coercive force values up to the 

critical values before the fracture itself, irrespective of the sensor magnet tips orientation 

direction relatively the investigated surface and the loaded state, testifies the sufficient plastic 

deformations to be available. Dependence of the coercive force values on the orientation 

direction measuring relatively the loading direction makes possible to determine the direction 

of the main stresses. 

The rapid change of the coercive force values, when the conventional yield boundary 

stresses are exceeded, can be used for finding the boundaries of the elastically and plastically 

deformed metal while monitoring the structure elements stressed state. The obtained 

regularities of the coercive force response to the elastic and plastic deformation can be the basic 

interpreting for application of other, non-fracture methods of investigation, e.g. ,measuring of 

the metal thickness, estimation of stresses and deformations, search for defects, etc. 

In the areas of the stresses concentration the sensitivity of the device for measuring the 

values of the coercive force is determined by the elastic and plastic relation of the strained metal 

volumes in the area of measuring. This condition can be the base for the development of non-

fracture methods for estimation the stresses (the residual stresses in particular) in the area of the 

stresses concentration. 

For the ferromagnetic steels multicycle fatigue range the device can not determine the 

metal strength limit, as it was found for the paramagnetic steels. The sensitivity of the device 

in the response of the coercive force to the cracks initiation is specified by its dimensions. At 

the stage of the fatigue cracks development the dimensions of the device sensor make possible 
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to register only large enough cracks, when a great part of the metal integrity loss starts affecting 

the values of the magnetic characteristics in the area of the coercive force measuring. 

The obtained results can be worth being used for the estimation of the obtained damages 

in the areas of the local deformation of the product part, during the diagnostics of modern 

technologies quality, local heat treatment of the structural elements of the «thermal shock» type 

and while developing the methods for estimation of the residual stresses in the areas of the 

stresses concentration and during welding.  

The results of experimental investigations make possible to increase the possibility of 

application of the coercive-metric control for estimation of the accumulated damages in metals 

under static and cyclic loading and can be the base for the development of new approaches to 

the express-estimation of the residual service life of the structures metal taking advantage of 

the simple non-fracture method. 

Conclusion. The experimental interpreting of the possibility to estimate the level of 

metal fracture of structures made of ferromagnetic steels according to the results of measuring 

the coercive force, was carried out. Substantial differences of response of metal coercive force 

of the structures made of ferromagnetic and paramagnetic steels to the mechanical loadings and 

unloadings after mechanical loadings have been determined. The change of the magnetic 

properties under deformation of the austenite steel (paramagnetic in the finishing state) is 

associated with the ability of this steel to undergo the structural transformations (paramagnetic) 

of austenite    and appearance of the ferromagnetic phase (α-Fe) being formed in the 

austenite steel (γ – Fe) containing martensite – and ferrite-deformations, which result in the 

transition of the metal from paramagnetic into ferromagnetic state. For the ferromagnetic steels 

the change of metal magnetic properties under deformation is associated with the domains 

orientation regulation (from the chaotic state to the oriented one). It was determined 

experimentally, that for ferromagnetic steels after the first overloading of metal (the acting 

stresses exceeded the conventional yield boundary), being unloaded till zero values of acting 

stresses, the «jump» and the change of direction in 900 of maximum coercive forces, take place, 

here their maximum values in the unloaded state being unchanged. This characteristics can be 

used in practice for the control of loading value of main structural elements under operation. 

The possibility of application of the improved structurescope for finding the boundaries of the 

most fractured areas, the main stresses direction being determined too, was shown. Application 

of the coercive-metric control under structures operation makes possible to adapt the measuring 

results of the coercive force values changes in the most loaded areas to the obtained fractures. 

The limits in the possibility to estimate the level of metal fracture according to the coercive 

force values in the areas of the stresses concentration under cyclic loading were determined, 

which are caused by the device sensitivity (at the given sensor dimensions for measuring Нс) 

to the elastic and plastic relation of the deformed metal volume in the area of fracture 

(measuring). The obtained results can be the base for the development of new approaches for 

the express-estimation of the residual service life of structures metal using the simple non-

fracture method. 

 
Роботу виконано в рамках науково-дослідної роботи відділу втоми і термовтоми матеріалів 

Інституту проблем міцності імені Г. С. Писаренка НАН України за темою 1.3.4.1910 «Розробка методів 

оцінки втомного пошкодження металічних матеріалів на стадіях зародження і росту тріщин». 
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УДК 539.4 
 

ОЦІНКА ПОШКОДЖЕНОСТІ ЕЛЕМЕНТІВ КОНСТРУКЦІЙ ЗА 

ВИМІРАМИ КОЕРЦИТИВНОЇ СИЛИ. 

ПОВІДОМЛЕННЯ 3. ФЕРОМАГНІТНІ СТАЛІ ЗА МЕХАНІЧНОГО 

НАВАНТАЖЕННЯ 
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Резюме. Наведено результати експериментальних досліджень реагування коерцитивної сили на 

механічні навантаження лабораторних зразків із феромагнітних сталей 05кп, 17Г1С та сталі 20. 

Показано, що відмінності у реагуванні коерцитивної сили на механічні навантаження феромагнітних та 
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аустенітних сталей полягають у фізичній природі цих явищ. Для феромагнітних сталей зміни значень 

коерцитивної сили при статичному та циклічному деформуванні пов’язані з упорядкуванням орієнтації 

доменної структури металу (від хаотичної до направленої). Для парамагнітних (не магнітних у 

початковому стані) сталей зміни значень коерцитивної сили при статичному та циклічному 

деформуванні пов’язані зі структурними перетвореннями вихідного аустеніту в деформаційний 

мартенсит з кінцевим ферито-перлітним розпадом, що викликає зміну магнітних властивостей металу 

з парамагнітного у феромагнітний стан. Запропонований авторами прилад зі зміненою конструкцією 

датчика дозволив отримати нові дані реагування коерцитивної сили на механічні навантаження і 

встановити основні закономірності деформування та руйнування металу у найбільш навантажених та 

пошкоджених локальних зонах, у тому числі зонах концентрації напружень, елементів конструкцій із 

феромагнітних сталей. Експериментально встановлено, що при механічному навантаженні виміряні 

значення коерцитивної сили залежать від орієнтації полюсів магнітів датчика відносно напрямку 

навантаження. При статичному або циклічному навантаженні до напружень, які перевищували умовну 

межу плинності, після розвантаження значення коерцитивної сили у 1,5–2 раза перевищують аналогічні 

значення у навантаженому стані. При цьому за статичного або циклічного навантаження з 

перевищенням діючих напружень умовної межі плинності при розвантаженні відбувається реверсивний 

поворот на 900 напрямку максимальних значень коерцитивної сили, який викликає відповідний «стрибок» 

цих значень. Виявлення різкої зміни значень коерцитивної сили, при перевищенні напружень умовної межі 

плинності, при моніторингу НДС елементів конструкцій дозволяє встановлювати межі пластично та 

пружно-деформованого металу й може стати обґрунтуванням для використання інших неруйнівних 

методів дослідження, наприклад, вимірювання товщини металу та пошуку дефектів. Застосування 

коерцитиметричного контролю дозволяє сепарувати пошкодження, які отримані в металі в умовах 

пружного деформування й пошкодження, отримані при пружно-пластичному та пластичному 

деформуванні, аж до руйнування. Залежність значень коерцитивної сили від орієнтації напрямку 

вимірювання відносно напрямку навантаження дозволяє визначати напрямок головних напружень. 

Наведені результати можуть бути корисними при діагностуванні якості сучасних технологій, 

наприклад, локальної термообробки конструктивних елементів типу «термошок» та при розробленні 

методики оцінювання залишкових напружень від зварювання. Отримані експериментальні результати 

дають оптимістичний прогноз можливості застосування коерцитиметричного контролю для 

моніторингу накопичення пошкоджень у феромагнітних металах після зміни значень коерцитивної сили.  

Ключові слова: структуроскоп, коерцитивна сила, навантаження, пошкодження, напруження, 

деформація, руйнування. 
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