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Abstract: The degree of effect of cold plastic deformation on change of the controlled magnetic parameter of
structural steels is investigated. It is shown that with the increase of deformation ratio, stray magnetic field
strength in zones of control changes the sign from the positive to negative and at deformation ratio 40 and more
percent, only negative values are observed. It has been found that the shift of meaning and sign controlled the
magnetic parameter in the process of plastic deformation is conditioned by structural changes, passing in steels
when fractional rolling: formation of rolling texture and increase of crystallographic orientation of grains
lengthwise of rolling direction with the increase of deformation ratio. The revealed correlation between the
degree of cold plastic deformation, stray magnetic field strength and structural changes, taking place in low-
carbon steel 08ps and low-alloy steels 09G2S and 10HSND, allows for recommending the passive ferroprobe
method for control of structural changes of metal in the process of cold plastic deformation.

Key words: Structural steels  Cold plastic deformation  Metallographic examinations  Microstructural
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INTRODUCTION At present, magnetic inspection methods based on

Welded metal structures (MS) are made using low- with  structural  parameters  are  widely  used  for
carbon and low-alloy steels which can have both large- structural condition assessment and indirect measurement
and fine-grained and deformed original microstructure in of strains in products made of ferromagnetic materials
the as-received state (hot-rolled, cold-rolled, heat treated) [8–11]. However, inspection is complicated by the fact
[1-2]. Since the structure determines steels’ mechanical that the structural condition, chemical composition,
properties, the latter can differ significantly in different magnetic and mechanical prehistory of the structural
parts of the structure, areas and zones of welded joints elements’ metal is unknown. That’s why there is a
[3]. pressing need for experimental research involving a wide

The issue of assurance of reliable and safe operation range of materials with different original microstructures
of metal structures is rather multifaceted and is solved in [12].
several directions. One of them is the obtaining of reliable Since the failure of welded metal structures is most
information during assessment of technical condition of often preceded by plastic deformation, it is an important
metal structures in order to predict their reliability and task to find the areas where it has occurred or is
safety, which requires both the development of new and occurring. It requires large-scale experimental research on
improvement of the existing instruments, methods and industrial structural steels with different chemical
control procedures [4-7]. composition and initial structural condition.

interrelation  of  magnetic  and  mechanical  properties
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Table 1: Chemical composition of steels

Chemical composition, %

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Steel C Mn Si Al P S Cr Ni Cu

08ps 0.06 0.27 0.05 0.0011 0.019 0.022 – – –

St3 0.19 0.53 0.21 – 0.032 0.034 – – –

09G2S 0.10 1.36 0.50 – 0.029 0.031 – – –

10HSND 0.12 0.57 0.92 – 0.032 0.036 0.63 0.87 0.48

For  this  reason,  it  is  of  scientific  and practical Plates of width 30, length 150 and width 2 mm were
interest to check the possibilities of passive ferroprobe cut out of sheets of structural steels 08ps, 09G2S and
control  method   for   assessment   of   structural 10HSND crosswise to the rolling direction for research;
condition  of  structural  steels  (low-carbon  steel  08ps they were subjected to fractional cold plastic deformation
and  low-alloy  steels  09G2S  and  10HSND,  Table  1) for the ratio [epsilon] = 8, 15, 22, 30, 40, 50%. Specimens
during cold plastic deformation. Therefore, it is quite were cut out of these plates for metallographic tests. 
topical to conduct researches dedicated to the Magnetic field strength of specimens during
assessment  of   the  actual  stress  and  strain  state of deformation  was  measured  in  three  points,  spaced  at
MS  based  on  expansion  of  the  method’s  possibilities 30 mm, using the magneto metric stress concentration
and by elaborating new methods and procedures method  with   dual-channel   ferroprobe   transducer
facilitating  the  increase  of  inspection  result  accuracy (IKNM 2-FP).
[4, 7].

MATERIALS AND METHODS

The following were chosen for experimental research: strength H  on deformation ratio [epsilon] for three points
low-carbon steel 08ps and low-alloy steels 09G2S and on specimens of steels 08ps, 09G2S and 10HSND
10HSND. This choice was conditioned by the fact that accordingly. It is seen (Fig. 1) that with the increase of
these steels: deformation ratio for points 1 and 2, magnetic field

Are widely used in various industries; and the sign changes again after [epsilon] = 30%. The
Have good plasticity characteristics in the field of values of H  in point 3 at all deformation ratios remain
both standard and low temperatures; negative. It should be noted that the values of H  of all
Pertain to different strength categories, have different three points at [epsilon] = 50% approach the minimum
tendency to hardening and softening, which is values.
essential during interpretation of the results with For steel 09G2S (Fig. 2), the initial values of magnetic
such steels; field strength are both positive and negative. Values of H
Allow expanding the obtained regularities to all of all three points are negative at deformation ratio more
materials with similar composition and properties and than 22%. Thereat, the value of magnetic field strength in
giving substantiated recommendations for them; central point 2, the same as for steel 08ps, is between the
Given the low carbon content, can be a good material values corresponding to the adjacent points 1 and 3.
for studying the physics of magneto mechanical All the initial values of self-magnetic stray field
phenomenon. strength H  on the specimens of steel 10HSND (Fig. 3),

The obtaining of a wide range of structural positive sign. They decrease noticeably at [epsilon] = 8%
conditions  on  the  selected  steels   by  means of and assume negative values at [epsilon] = 15%. It should
different treatment kinds allows for assessing their be noted that with [epsilon] = 50% the spread in values of
advantages  and  disadvantages  during  determination of H  between the endmost points of the specimen is
the link between structure, mechanical and magnetic considerably greater than that of the other steels. Thus,
properties. Chemical composition of steels is given in while spread for steel 10HSND is 18 units, it is 6 for steel
Table 1. 08ps and 4.5 units for steel 09G2S.

RESULTS

Figure 1–3 give dependences of magnetic field
p

strength H  changes the negative sign to the positive onep

p

p

p

p

depending on the other steel grades, have only the

p
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Fig. 1: Dependence of magnetic field strength H  onp

deformation ratio [epsilon] for steel 08ps Fig. 3: Dependence of magnetic field strength H  on

Fig. 2: Dependence of magnetic field strength H  onp

deformation ratio [epsilon] for steel 09G2S

Fig. 4 shows dependence of the average values of
strength H  of points 1, 2, 3 on deformation ratio [epsilon]p

for steels 08ps, 09G2S and 10HSND. It can be seen that, Fig. 4: Dependence of magnetic field strength H  on
despite the great spread in the values of H  and different deformation ratio [epsilon] for steels 08ps, 09G2Sp

signs  in the  initial  condition,  this  spread  decreases  as and 10HSND 

p

deformation ratio [epsilon] for steel 10HSND

p



World Appl. Sci. J., 23 (Problems of Architecture and Construction): 74-79, 2013

77

Fig. 5: Structure of steel 09G2S, ×650: a – as-received condition, b, c, d – after rolling for deformation ratio [epsilon] =
15, 40 and 50 % respectively

the deformation ratio increases and all the values of H DISCUSSIONp

have the negative sign at [epsilon] = 40% and more. With
deformation ratio 50%, the values of magnetic field Great structural changes during cold plastic
strength for the specimens of steels 09G2S and 10HSND deformation are also noted in the metal’s fine structure.
are virtually identical. Thus, paper [13] takes technical iron as an example to

The significant changes of magnetic field intensity show that, if the structure displays a chaotic distribution
during cold plastic deformation are in a greater degree of dislocations prior to deformation, two types of
conditioned by the structural changes in steels. structures form after cold rolling for the deformation

The structure of steel 09G2S after cold plastic degree of 10%: dislocation staging with a uniform
deformation  to  different  degrees  is  shown   in    Fig.   5. distribution of a large number of dislocations and a coil
It can be seen that as deformation ratio increases, structure. Thereat, the volume ratios of the forming
crystallographic orientation of grains along the rolling structures are much the same. The formation of coil
increases. There are strain-free grains at the initial rolling dislocation  structure  bears  evidence  of  the  beginning
stage, while close to them are grains with a significant of self-induced process of dislocation density
deformation ratio. With deformation ratio [epsilon] = 30% redistribution  and  dislocation   interaction,   which
there are virtually no grains free from plastic deformation. results in a structure having greater stability as compared
The structure of low-alloy steel 10HSND displays the to the previous one. The alignment of deformation
same characteristic features as steel 09G2S, specifically structure in our case probably causes approach of the
during the first rolling stages. values of magnetic field strength in the steels under

Another pattern of formation of rolling texture is study, as seen in Fig. 4 at deformation to the ratio of
observed on steel 08ps, which has larger-grained original [epsilon] = 8%.
microstructure. Formation of structure of this steel at the As the deformation ratio increases to 25%, a cellular
initial rolling stages is less overt, due to which its structure is formed, characterized by wide boundaries with
structure, even after rolling for [epsilon] = 50%, has lightly a high dislocation density and inter-boundary metal
deformed grains (as distinct from low-alloy steels), which volumes, relatively free from dislocations. Further increase
confirms the data of magnetic property change after of [epsilon] up to 40% facilitates the formation of a band
fractional rolling for [epsilon] = 50%. structure, which, as distinct from the equiaxial cellular one,
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represents  extended  volumes  restricted  by  relatively 3. Lobanov, L.M., V.I. Kyr’yan and V.V. Knysh, 2006.
narrow walls. Thereat, a considerable number of Enhancement of the service life of welded metal
dislocations are observed in the band area. One of the structures by high-frequency mechanical peening.
peculiarities of this structure is the significant different Materials Science, 42(1): 54-60.
orientation induced by the elongated walls. 4. Gordienko, V.E., 2011. Assessing technical condition

The change of the negative sign of magnetic field of welded metal structures in hoisting cranes. St.
strength at [epsilon] > 22% to the negative one and Petersburg, RU: State Architect. Civ. Engin. Univ.
further increase of the values of magnetic field strength H Press, pp: 94.p

is probably related to the formation of a cellular and then 5. Matyuk, V.F., M.A. Mel’gui, D.A. Pinchukov and
a band dislocation structure. A.L. Lyubarets, 2005. Inspection of the strength

At work [14], using the stepped loading pattern, characteristics and heat-treatment quality of
recorded the line of change of the sign of magnetic field ferromagnetic   articles   based   on   parameters  of
strength H  on the surface of the specimen of steel 10, the  residual-magnetization  hysteresis  loop  uponp

corresponding to the stress concentration line and their  local  magnetization  and  magnetization
analyzed the structure from areas along this line. Electron reversal in a pulsed   magnetic   field   with a
microscope investigations showed that these areas had variable  amplitude: I. Parameters of the hysteresis
an increased dislocation density. As the deformation ratio loop. Russian Journal of Nondestructive Testing,
increased, there formed pile-ups and interlacing of 41(5): 269-276.
dislocations, of density  up  to  8×10 …1,2×10   cm . 6. Matyuk, V.F., M.A. Mel’gui, D.A. Pinchukov and8 9 -2

Moreover, areas were also formed there with cellular A.L. Lyubarets, 2005. Inspection of the strength
dislocation structure with dislocation density up to characteristics and heat-treatment quality of
9×10 …1,2×10  cm . Particularly intensive formation of ferromagnetic articles based on parameters of the9 10 2

cellular structure was observed in pearlite colonies. The residual-magnetization hysteresis loop upon their
authors think that the occurrence of crystalline defects in local magnetization and magnetization reversal in a
metal in the form of dislocation pile-ups stabilizes the pulsed  magnetic  field   with   a   variable   amplitude:
position of domain walls in the weak magnetic field of the II. Steel 60C . Russian Journal of Nondestructive
Earth. Dislocation pile-ups seem to form, due to the Testing, 41(5): 277-284.
presence of a long-range stress field, “long-range” 7. Gordienko,   V.E.,   E.G.   Gordienko,  O.V.  Kuz'min,
domain boundaries forming their own stray magnetic field E.S. Ibragimova, E.A. Djukova and V.Ju. Kašina,
on the specimen surface in the stress concentration areas. 2011. A procedure to monitor load-bearing capacity

CONCLUSIONS using the passive ferroprobe method. Bulletin of Civil

Thus, the above mentioned states that the structural 8. Galchenko,     V.Ya.,     D.L.    Ostapushchenko   and
steels under study display a correlation between the M.A. Vorobyov, 2009. Computer analysis of the
degree of cold plastic deformation, stray magnetic field configuration of the magnetic fields of surface
strength and structural changes in steels, which allows discontinuity flaws of finite dimensions in a
recommending the passive ferroprobe method for control ferromagnetic plate of finite dimensions by the
of metal’s structural changes during cold plastic spatial integral equation method. Russian Journal of
deformation. Nondestructive Testing, 45(3): 191-198.
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