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MATHEMATICAL MODELING OF DEFORMATION LOAD OF STRUCTURAL STEELS
IN RELATION TO THE ESTIMATION OF THE STRUCTURE BY THE VALUE
OF COERCIVE FORCE

In the robot, the mathematical model of the process of the stressed mill of steels with uniaxial
stretching is discerned, the deposit of coercive forces is seen from the applied tension and the
establishment of critical values of the stressed mill. Prior to the mechanism of forming the structural
process for low-carbon steel, the method of thermodynamic analysis of possible reactions between the
components of the system was used. For the physical process, an universal program for the
development of rich-component heterogeneous systems TERRA on the basis of the ASTRA-4 programs
is used.

According to the methods of mathematical modeling, there is a rational and permissible
boundary of the values of the stressed steel mill for the purpose of determining the permissible values
of the stress due to the magnitude of the coercive force.
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B pobomi  poszenanymo mamemamuure MOO€N08aHH NPOYECY HANPYIHCEHO20 CMAHY cmael
npu 0OHOOCHOMY PO3MACHEHHI Ma PO3NAHYMA 3ANENHCHICMb KOEPYUMUBHOT CUNU 8I0 NPUKIAOEHO20
HABAHMAIICEHHSA MA 6CMAHOBIIEHHS KPUMUYHUX 3HAYEHb HANPYICEH020 cmany. Jocniodicents MexaHi-
3My PopMy6anHs cmpyKmypHo20 npoyecy OJis HU3bKOBYeleyegoi cmani GUKOPUCMOBY6ANU Memoo
MepMOOUHAMIYHO20 AHATIZY MONCIUBUX PeaKyili Mid KOMNoHeHmamu cucmemu. [ns gizuuno2o npo-
yecy GUKOPUCMOBYEMbCS YHIBEPCATIbHA NPO2PAMA POPAXYHKY OA2aMOKOMNOHEHMHUX 2emMepO2eHHUX
cucmem TERRA na 6a3i npoepamu ACTPA-4.

3 3acmocyeannam memooié MamemamuiHo20 MOOeN08AHHA GUIHAYEHO PAYIOHANbHULL Ma
O00NYCMUMI 2paHUYi BeTUYUH HANPYIHCEHO20 CMAHY CMATell 3 Yilbl0 BUSHAYEHHS OONYCIMUMUX 3HAYEHb
HANPYICEHOCMI 34 6eIUUUHOI0 KOEPYUMUBHOI CUTIUL.

Knrwowuosi cnosa: oepopmayitine nasanmagicents, cmaib, KOIPYUMUEHA CULA, 0epopmayis;
CmMpYyKmypa, posmip 3epHa.

Formulation of the problem

At present, 80 % of Ukraine's fixed assets have used their standard term. The problem of oper-
ation of metal structures of cranes that have exhausted their standard term is relevant and important.
The available approaches and methods for determining the serviceability of metal structures do not
allow to objectively assess the load-bearing capacity of metal structures and assess their durability and
without emergency operation.

Intensive development of industry, new technologies and equipment requires the development
of approaches and methods for determining the performance of responsible metal structures.

The development of a modeling process to determine the critical values of the performance
characteristics of the use of low-carbon steel structures is currently one of the current problems.

Analysis of recent research and publications

When assessing the technical condition of the object under study, it is necessary to have in-

formation about the places of stress in which they may be prone to defects in the structure.
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In [1,2], the stress state of objects is determined on the basis of the correlation between the

readings of the device and the magnitude of tensile mechanical stresses, when measuring the coercive
force He residual mechanical stresses are estimated.
Analysis of the literature showed that studies of the effect of mechanical loads on the final structure
and the relationship with the magnetic properties in the formation were carried out but without ma-
thematical modeling of the process of formation of the final results of mechanical loads. Some works
[3,4] only confirm this fact.

Therefore, research aimed at developing the optimal physical load on metal structures operat-
ing in harsh industrial conditions and determining the ultimate strength limit by the value of the coer-
cive force is relevant.

Also, the study of the influence of mechanical stresses on the structure of the magnetic charac-
teristics of low-alloy and low-carbon steels were covered in [5—10].

Formulation of the purpose of research

The aim of the work is to model the process of stress state of low-carbon steel and determine
the limit value for the value of coercive force and the determined value of grain size and control the
structure using the value of coercive force.

Presenting main material

Samples measuring 6x20x300 mm made of low-carbon steel used in the construction of
cranes and other metallurgical equipment were used for modeling.

The chemical composition is presented in tabl. 1.

Table 1.
C Mn Si S P Cr Ni Cu
0,17 0,44 0,1 0,027 0,019 0,3 0,2 0,4

The process of stretching the sample was performed at different degrees of deformation of
5 %, 10 %, 15 %, 20 %. Stretching of the samples was performed on a rupture machine IR-500-0.
Coercive force was measured with a semi-automatic coercimeter KRM-C-K2M. According to [11],
the level of measurement of coercive force for low-carbon steel is from 2,5 to 7,5 A/cm. Operating
stress range from 225 MPa to 480 MPa.

To model the stress state of the physical and magnetic properties of low-carbon steel — the
process of calculating the parameters using a system using TERRA programs [12].

When developing the optimal load regime for low-alloy steel and the process that provides a
rational technological process, used the methods of mathematical planning of the experiment with the
implementation of a complete factor analysis according to plan 23.

The choice of a rational mode of loading on samples is made on the basis of results of re-
searches used in works [1,3].

Optimization options:

A, — applied load MPa.

The calculated levels of variation intervals, the nature of their changes and coding schemes are

presented in tabl. 2.

Table 2.
Factors
Characteristic Grain size, Coercive force, A/cm Degree of
D, Mmm deformation,%

Code X3 Xz X1

Basic level 19,0 7,6 12,5
Interval of variation 3,0 0,3 7,5

Lower level 16,0 7.3 5,0

Upper level 22,0 7,9 20,0
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The choice of the basic level and intervals of variation is based on the fact that the introduc-
tion of cholesterol less than 10 % wt., Leads to disruption of the combustion wave of thermal autoigni-
tion. Based on the study of changes in the characteristic temperatures of the SHS process, the amount
of cholesterol is selected. Al,O; is used as a ballast impurity to obtain one hundred percent composi-
tion of powder SHS charges. The numerical value of the regression coefficients and their significance,
determined taking into account the differences of variances for each response function, as well as
checking the significance by Student's criterion and assessing the adequacy of the model by Fisher's
criterion are presented in tabl. 3.

Table 3. The results of regression analysis of experimental data

Parameter Response functions
A
by 62,956
b, 0,6
b, 1,4
b; -1,9
b, -6,4444
bs 4,5556
bs 4,0556
b, -2
bg 1,25
by 0,25
b 2,027629
t- criterion 2,78
F- criterion 5,23<6,25

As a result of regression analysis, we obtain equation (1), which shows the dependence of the
load on the grain size mm coercive force and deformation is (%):
A1 = 62,956-0,6X; + 14X, — 1,9X;5— 6,4444X," + 4,5556X," +
+4,0556X;°— 2X,.X, + 1,25X.X; + 0,25X5X;. (1)
Checking the adequacy of the model shows that it can be used to predict the response function
at any values of the factors between the upper and lower levels. For this purpose it is expedient to pass
to natural variables, using the translation formula presented in the following kind:

k_ X;_X;
AN , (2)

k
where X ;j — the coded value of the i-th factor, which is investigated in the j-th equation; XZ —

natural value of the i-th factor, which is investigated in the j-th equation; XZ — value of the i-th fac-

tor, which is investigated in the j-th equation at the basic level; A, — value of the interval of variation

of the i-th factor.

Coefficients whose absolute value is equal to the confidence interval Ib or more should be
considered statistically significant. Statistically insignificant coefficients can be excluded from the
models.

By substituting in equations 1 variables X; for the right part of equation (2) and the subsequent
reduction of similar we obtain natural equations that characterize the effects of applied load, the effect
of coercive grain size and deformation (%):

JIA = 5,71+ 10,31X; — 3,64X; — 3,24X,— 0,26X5> + 0,18X,° + 0,16.X3%. 3)
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To assess the adequacy of the equation, the calculation of the obtained regression equations for
the rational load regime. The results of the calculations are compared with experimental data.

With the help of mathematical planning of the experiment, the number of studies required to cal-
culate the coefficients of the regression equation and obtain an adequate model that characterizes the in-
fluence of grain size and coercive force (A/cm) is significantly reduced.

The microstructure of armco iron to and the applied load are presented in Fig.2.
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Fig.2. Microstructure of low-carbon steel before the applied load (a), after the load (b)

The rational mode for low-carbon steel is one cooling time in air and the relative number of
special limits of 22 % wt., Thus, these values of X1 X2 allow to obtain maximum hardness for armco
iron, which correlates with wear resistance.

Conclusions

Mathematical modeling is carried out and the maximum allowable load is determined. Using
the methods of mathematical modeling, the optimal load regime and allowable maximum loads for
armco iron were determined.

The rational mode for low-carbon steel is one cooling time in air and the relative number of
special limits of 22 % wt., Thus, these values of X1 X2 allow to obtain maximum hardness. It is also
established that the mode for steel is optimal metal structures of cargo catchment structures.
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MATEMATHUYHE MOJEJIOBAHHSI JE®OPMAIIMHOIO HABAHTAKEHHS
KOHCTPYKIIMHUX CTAJIEM IIOJO OLIHKA CTPYKTYPU HA BEJIMYUHY
KOEPIIUTUBHOI CUJIA

Cepena B.II., BoJox B.1., Cepena /1.b.

Pedepar

B po6oTi po3riIsiHyTO MaTeMaTHYHE MOZETIOBaHHS MIPOLIECY HAMPY)KEHOT'0 CTaHy CTajiel MpH
OJHOOCHOMY PO3TATHEHHI Ta PO3IIISIHYTa 3aleKHICTh KOSPLIUTUBHOI CHIIM BiJ MPUKJIAJICHOTO HaBaH-
Ta)XCHHS T4 BCTAHOBJICHHS KPUTHYHHUX 3HAUYECHb HANPYKEHOro crany. JlochiKeHHs MexaHi3Mmy ¢op-
MYBaHHS CTPYKTYPHOI'O MPOLECY JUIsl HU3bKOBYTJIEIIEBOT CTalli BAKOPUCTOBYBAJIU METOA TEPMOJHHA-
MIYHOr'0 aHaNi3y MOXKIIMBUX PeakLiii MK KOMIIOHeHTaMu cucteMu. [ disnynoro npoiecy BUKOpH-
CTOBYEThCA yHIBEpCaJlbHa TMporpamMa po3paxyHKy OaraTOKOMIIOHEHTHHX T€TEpOT€HHUX CHCTEM
TERRA Ha 0a3i nporpamun ACTPA-4.

3 3acTOCyBaHHAM METOJIB MAaTEMaTHYHOTO MOJAETIOBAHHA BU3HAUYEHO paliOHaIbHUN Ta J0-
MYCTUMIi TPaHMLI BETMYMH HANPYKEHOTO CTaHy CTaJIed 3 LiJIbI0 BU3HAYECHHS JONMYCTHMHUX 3HAa4YE€Hb
HaNPYXEHOCTI 32 BETMYMHOIO KOSPUUTUBHOI cuiu. [IpoBeneHo MaTeMaTH4HE MOJENIOBAHHS Ta BH-
3Ha4YeHe TPaHUYHE JOMYyCTUME HaBaHTAKEHHS. 3 BUKOPHUCTaHHSAM METOAIB MaTEMaTHYHOIO MOAEIIO-
BaHHS BHU3HAYCHO ONTHUMAJIGHUHA PEKHUM HaBaHTAXKEHHS Ta JOMYCTHUMI IPaHUYHI HABAHTAKEHHS IS
apMKO 3aii3a palioHaJbHUM PESKUMOM IJIsi HU3bKOBYIJICLIEBOI CTalli € OAWH Yac OXOJIO/DKEHHS Ha
MOBITPi Ta BIJHOCHA KUTBKICTh CHENiadbHUX IpaHullb 22 % Mac., THM caMuM, IIi 3HadeHHs X; X; J0-
3BOJISIIOTH OTPUMYBATHU MaKCUMaJlbHI TMOKa3HHMKH TBEPIAOCTI AJISl apMKO 3aji3a, IO KOPETIoE 3 MOKa3-
HUKaMH 3HOCOCTilKOCTi. Takok BCTaHOBIIEGHO, L0 PEKUM JIJIsl CTaNll € ONTUMAIbHUM NPHU [BOMY IiJ-
BULIY€eThCS Oe3 aBapiiiHe eKCIUTyaTyBaHHs BilNOBiZaJbHUX METATOKOHCTPYKLIH BaHTaXKOMiAiiMallb-
HUX CIIOpY.
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