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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.

Keywords: deformation navantazhennya; steel; coercive force; deformation; structure; grain
size.

В роботі  розглянуто математичне моделювання процесу напруженого стану сталей
при одноосному розтягненні та розглянута  залежність коерцитивної сили від прикладеного
навантаження та встановлення критичних значень напруженого стану. Дослідження механі-
зму формування структурного процесу  для  низьковуглецевої сталі  використовували метод
термодинамічного аналізу можливих реакцій між компонентами системи. Для фізичного про-
цесу  використовується універсальна програма розрахунку багатокомпонентних гетерогенних
систем ТЕRRA на базі програми АСТРА-4.

З застосуванням методів математичного моделювання визначено  раціональний та
допустимі границі величин напруженого стану сталей з цілью визначення допустимих значень
напруженості за величиною коерцитивної сили.

Ключові слова:  деформаційне навантаження; сталь; коэрцитивна сила; деформація;
структура;  розмір зерна.

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 Hc 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 6×20×300 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:
A1 – applied load MPa.

The calculated levels of variation intervals, the nature of their changes and coding schemes are
presented in tabl. 2.

Table 2.

Characteristic
Factors

Grain size,
D, мm

Coercive force, A/cm Degree of
deformation,%

Code Х3 Х2 Х1

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. Al2O3 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
A1

b0 62,956
b1 0,6
b2 1,4
b3 -1,9
b4 -6,4444
b5 4,5556
b6 4,0556
b7 -2
b8 1,25
b9 0,25
Дb 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 = 62,956–0,6Х1 + 1,4Х2 – 1,9Х3 – 6,4444Х1
2 + 4,5556Х2

2 +
+ 4,0556Х3

2 – 2Х1Х2 + 1,25Х1Х3 + 0,25Х2Х3.                                          (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:
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where
k
ijX — the coded value of the i-th factor,  which is  investigated in the j-th equation;

n
ijX  —

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

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

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

By substituting in equations 1 variables Xi 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 (%):

ДA 1=  5,71 + 10,31X3 – 3,64X2 – 3,24X1 – 0,26X3
2 + 0,18X2

 2 + 0,16X3
2.                   (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.

а) × 200 б) × 200

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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МАТЕМАТИЧНЕ МОДЕЛЮВАННЯ   ДЕФОРМАЦІЙНОГО НАВАНТАЖЕННЯ
КОНСТРУКЦІЙНИХ СТАЛЕЙ ЩОДО ОЦІНКИ СТРУКТУРИ НА ВЕЛИЧИНУ
КОЕРЦИТИВНОЇ СИЛИ
Середа Б.П., Волох В.І., Середа Д.Б.

Реферат
В роботі  розглянуто математичне моделювання процесу напруженого стану сталей при

одноосному розтягненні та розглянута  залежність коерцитивної сили від прикладеного наван-
таження та встановлення критичних значень напруженого стану. Дослідження механізму фор-
мування структурного процесу для низьковуглецевої сталі використовували метод термодина-
мічного аналізу можливих реакцій між компонентами системи. Для фізичного процесу викори-
стовується універсальна програма розрахунку багатокомпонентних гетерогенних систем
ТЕRRA на базі програми АСТРА-4.

З застосуванням методів математичного моделювання визначено  раціональний та до-
пустимі границі величин напруженого стану сталей з цілью визначення допустимих значень
напруженості за величиною коерцитивної сили.  Проведено  математичне моделювання та ви-
значене граничне допустиме навантаження. З використанням методів математичного моделю-
вання визначено оптимальний режим навантаження  та допустимі граничні навантаження для
армко заліза раціональним режимом для низьковуглецевої сталі  є один час охолодження на
повітрі та відносна кількість спеціальних границь 22 % мас., тим самим, ці значення  X1  X2 до-
зволяють отримувати максимальні  показники твердості для армко заліза, що корелює з показ-
никами зносостійкості. Також встановлено, що режим  для сталі  є оптимальним при цьому під-
вищується без аварійне експлуатування відповідальних металоконструкцій вантажопідіймаль-
них споруд.
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