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Abstract. Mathematical modeling of rolling-out of surface defects in cold rolling was done. There was modeled the rolling-our of surface defects of «dent» type. The stress state of the inner part of the defect was investigated. The analysis of rolling-out was and a mathematical model was obtained that describes the relative depth of surface defect depending on the process parameters of cold rolling.
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Simulation of industrial processes in the laboratory is a time consuming process. The use of computers greatly facilitates the modeling process.

In this work, we simulated the process of cold rolling of strips with surface defects of type "dent" with the help of specialized software "DeForm3D".

Conducted modeling of the process of forming of volumetric surface defects of type "dent" in cold rolling of strips on a continuous 5-stand mill 1700. To increase the accuracy of the calculations and in accordance with the assortment of mill 1700 simulated a small area (50×100 mm) viscoelastic strip with thickness of 4.5 mm. On the surface of the strip defects was applied in the form of grooves.

We took the material of the work rolls as solid, non-compressible with a diameter of 600 mm. Material of strip was steel 08KP. On the strip modeled three surface defect of cylindrical shape (figure 1) with different initial relative depth δ0/h0.
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h0 – strip thickness, mm; δ0 – defect depth, mm.

Figure 1. Cross-sectional profile of the strip with the "dent" defect of cylindrical shape 
According to research works [1-5], in practice there are surface defects with relative depth δ0/h0 = 0,37. With the aim of expanding the field of research the ultimate relative depth of the surface defect is decided to increase by 13%. Thus, the relative initial depth of the defects was varied between 10-50% of the thickness of the band. The simulation was performed at a constant speed of rolling. To reduce the computation time asked for the strip of the optimal grid (100 thousand elements). The study was performed at minimum (f = 0.03) and average friction coefficients (f = 0,07) in cold rolling. The results of the surface defects deformation with various initial relative depth δ0/h0, laminated with different total reduction εΣ and under different friction coefficients f are given in table 1.

Table 1. Forming of surface defects

	Initial relative depth of defect δ0/h0
	Initial view of defect
	Friction coefficient

	
	
	f = 0,03
	f = 0,07

	0,1
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	εΣ = 19,18%
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	defect is rolled out

	
	
	εΣ = 35,11%

	
	
	defect is rolled out
	defect is rolled out

	0,3
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	εΣ = 19,18%
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	εΣ = 35,11%
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	εΣ = 45,56%
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	εΣ = 19,18%
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	εΣ = 35,11%
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	εΣ = 45,56%
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In cold rolling the broadening is very small, so in the process of research, the broadening of the strip with defects was not taken into account.

Was investigated the stress state of the inner part surface defects. In the area of the defects were chosen points, as shown in figure 2. We also carried out the tracking of the stress state at these points (figure 3).

[image: image18.jpg]a7

7




Figure 2. Diagram of stress tracking in defects
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Figure 3. The stress state at the points of defect

Figure 4 shows the dependence of the relative depth of the defect "dent" of total compression.

Analysis of the data shows that points located on the verge of cross-sectional volumetric surface defect "dent" type (point 3 in figure 2), experiencing the highest stress compared with the points in the nodes of the faces and bottom surfaces (points 2 and 1 respectively in figure 2). A relatively large voltage difference at points 1 and 3 (figure 3), component 171 MPa, due to the presence of double hub stresses due to the geometric structure of defects in cylindrical shape.
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Figure 4. Dependence of the relative depth of the defect "dent" of total compression

The simulation results obtained for the regression model, reflecting the nature of the impact of process parameters on rolling out of surface defects.
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The results of table 1 indicate a positive role of external friction on the process of forming surface defects. External friction forces are stepping up the voltage at the points located on the faces (point 3 in figure 2), thereby increasing the deformation of the defect. With the increase of the friction forces is enhanced by the process of "buckling" at the bottom of the defect.

Conclusions. Finite element modelling of cold rolling process of strip surface defects of "dent" type. Analyzed the stress state in the area of the defect. The model obtained based on the relative depth of the defect from the rolling parameters. 
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Ә.Б. Найзабеков, В.А. Талмазан, А.С. Ержанов, Ф.М. Ерназарова, А.Т. Калдыбекова

DEFORM-3D бағдарламадағы модельдеу арқылы табақтарды суықтай таптау кезіндегі «баспа» ақауды анықтау

Аңдатпа. Суықтай таптау кезіндегі беттік ақаулардың жою мақсатында математикалық модельдеу жүргізілген. «Баспа» түріндегі беттік ақауды модельдедік. Ақаудың ішкі бөлімінің кернеу күйін зерттедік. Ақауды жоюға арналған талдау жүргізілген және суықтай таптау кезіндегі беттік ақаудың технологиялық параметрлеріне байланысты салыстырмалы тереңдіктің өзгеруін растайтын математикалық моделі алынды.

Түйін сөздер: салқындай таптау, математикалық модельдеу, беттік ақауы, кернеулік күйлері, ақауды жою.

А.Б. Найзабеков, В.А. Талмазан, А.С. Ержанов, Ф.М. Ерназарова, А.Т. Калдыбекова

Изучение выкатываемости дефекта «вдав» при холодной прокатке листов с использованием моделирования в программе DEFORM-3D
Аннотация. Проведено математическое моделирование выкатываемости поверхностных дефектов при холодной прокатке. Моделировали выкатываемость поверхностных дефектов типа «вдав». Исследовали напряженное состояние внутренней части дефекта. Проведен анализ выкатываемости и получили математическую модель, которая описывает изменение относительной глубины поверхностного дефекта в зависимости от технологических параметров холодной прокатки.

Ключевые слова: холодная прокатка, математическое моделирование, поверхностный дефект, напряженное состояние, выкатываемость дефекта
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