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Abstract 

To solve the common issue of transverse thickness variation in finished strip steel during the seven-

stand hot continuous rolling process, the deformation of rolls in the rolling process of beam Steel 700L 

and the genetic characteristics of plate thickness distribution were analysed by finite element simulation. 

Using actual process parameters from the production of beam Steel 700L, a dynamic rolling finite 

element model was established. The equivalent stress field between the working rolls and strip steel in 

each stand and the exit thickness distribution of beam Steel 700L were investigated. Results show that 

the equivalent stress indicates a gradual increase despite a decreasing reduction rate during rolling. 

Deviations in thickness between the centre and edges of the strip steel at the exit of each stand become 

apparent from the second stand onwards, demonstrating a hereditary phenomenon during the rolling 

process. A comparison of measured and simulated thickness reveals errors within 5 %, validating the 

accuracy of the simulation. The obtained findings provide a foundational understanding for addressing 

thickness defects in subsequent beam Steel 700L production. 
(Received in September 2023, accepted in January 2024. This paper was with the authors 1 month for 2 revisions.) 
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1. INTRODUCTION 

Strip steel, constituting approximately 45 % of total steel production, plays a pivotal role in 

various industries such as automotive, shipbuilding, bridges, construction, and household 

appliances. The increasing demands for high-quality strip steel products, driven by rapid 

developments in automotive, defence, and household appliance industries, underscore the 

significance of technological advancements in strip steel production [1]. The technological 

proficiency of strip steel production and its proportion in the rolling process serve as key 

indicators of a country's steel production development [2]. In the pursuit of market 

competitiveness, domestic steel enterprises consistently expand their hot rolling product 

catalogues to encompass high-value-added products like high-grade pipeline steel, electrical 

silicon steel, automotive cold-rolled panels, and tin-plated coating plates [3]. Thickness 

precision is a critical quality indicator for strip steel, directly influencing both strip product 

yield and the quality of subsequent deep-processed products. As scientific and technological 

advancements progress, thickness control has evolved into a core technology in strip steel 

production [4]. 

The seven-stand hot continuous rolling mill significantly improves the precision control of 

thickness distribution and surface quality of strip steel. However, challenges persist in 

achieving transverse thickness uniformity, particularly in the production of high-quality strip 

steel. This challenge, known as transverse thickness deviation, adversely impacts product 

quality, necessitating downgrading and affecting mill production efficiency. Additionally, 
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thickness deviation significantly affects downstream processes, potentially causing strip 

misalignment and breakage, resulting in substantial losses for the mill. 

      With the growing demand for higher quality strip steel, the allowable range for transverse 

thickness deviation has decreased. Consequently, some experts in the metallurgical field are 

increasingly focusing on research related to thickness control. While numerical simulation of 

hot rolling results has seen advancements in precision with the development of computer 

technology [5], limited research directly studies the evolution of strip steel thickness 

distribution throughout the entire hot rolling process using numerical simulation. For instance, 

Schindler et al. [6] utilized the finite element method to simulate operational issues in the hot 

rolling process of wide and thick products. Chai et al. [7] employed the finite element method 

to solve unknown metal transverse flow variables, analysing and comparing flatness and 

longitudinal residual stress evolution in the rolling process of thick and thin plates using a 

flatness calculation model. In terms of thickness control for strip steel, common practices 

involve force analysis, mathematical model establishment, and targeted improvements in 

rolling parameters and rolling process parameters [8, 9]. However, using formulaic methods 

may not effectively address thickness evolution during the hot continuous rolling process with 

seven stands. 

      This study aims to provide directions for the control of transverse thickness deviation in 

hot-rolled strip steel, addressing an essential area requiring further investigation and resolution 

in the field of hot rolling thickness control. Using various finite element softwares, this study 

leverages the significant advantages of Marc software in solving three-dimensional large 

deformation thermo-elastic-plastic problems for finite element simulation analysis. 

2. STATE OF THE ART 

The investigation into the transverse thickness distribution of strip steel can be broadly 

categorized into two main areas: studies on thickness prediction during the rolling process and 

research on thickness control technologies. Existing literature in these domains has provided 

valuable insights into the genetic laws governing transverse thickness distribution during the 

seven-stand hot continuous rolling process examined in this study. 

In the exploration of thickness prediction techniques during the rolling process, Liu et al. 

[10] utilized optimization algorithms, including machine learning and neural networks, to 

predict the thickness, profile, and flatness of hot-rolled strip steel. Their methods accurately 

predicted the transverse thickness distribution and pre-tension transverse distribution of the 

final product strip steel. However, despite achieving high prediction accuracy, these methods 

did not offer insights into the evolving transverse thickness distribution at the exit of each stand 

during the rolling process. Liu and Xiao [11] focused on determining the minimum rollable 

thickness of strip steel, establishing a theoretical calculation model based on Fleck’s theory for 

the production of ultra-thin strip steel. Although they defined product specifications and rolling 

rules for existing mills and determined roller diameter and force and energy parameters for mill 

design, they did not propose a method for predicting transverse thickness distribution. Gu et al. 

[12] identified rolling force settings as a major cause of thickness deviation in strip steel. 

Through measures such as improving the uniformity of strip steel temperature and optimizing 

thickness-setting models, including AGC head response, they enhanced the accuracy of product 

flatness. 

In the realm of research on thickness control of finished strip steel, Ma et al. [13] discovered 

a quadratic nonlinear relationship between the transverse thickness difference of cold-rolled 

strip steel and the wedge and crown of hot-rolled strip steel. They suggested that reducing the 

edge drop of hot-rolled strip steel is beneficial for suppressing the transverse thickness 

difference of cold-rolled strip steel, although they did not analyse the effectiveness of this 
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approach in practical applications. Hu et al. [14] proposed an optimal tension and thickness 

control method based on the Reverse Horizontal Control (RHC) strategy, exhibiting excellent 

tracking performance and strong constraint-handling capabilities. Zeng et al. [15] utilized 

neural network simulation to establish a transverse thickness prediction model for strip steel 

and developed a model-free controller for thickness control. Liu et al. [16] established an F7 

exit wedge closed-loop feedback control model based on finite element modelling and the 

relationship between the inclination pressure and exit wedge shape on both sides of the rolling 

mill. 

The aforementioned research outcomes primarily focus on individual aspects of either 

thickness prediction or thickness control during the rolling process. Moreover, their connection 

to actual on-site production is limited, especially concerning the evolutionary patterns of 

transverse thickness distribution during the seven-stand hot continuous rolling process and the 

insufficiently explored study on the control of thickness deviation defects. In this study, the 

genetic characteristics of the transverse thickness distribution of 700L beam steel was 

investigated by finite element simulation in a seven-stand hot continuous rolling mill unit as it 

passed through each stand. A dynamic rolling finite element model was established based on 

actual field data, obtaining the equivalent stress field between the working rolls of each stand 

and the strip steel by applying constraints. Simultaneously, the transverse thickness distribution 

of the strip steel at the exit of each stand was obtained to reveal the genetic laws of transverse 

thickness distribution during the seven-stand hot continuous rolling process. Based on this, the 

rolling process parameters to address thickness deviation defects were adjusted, and after 

application in on-site production, the defects of transverse thickness deviation in the finished 

strip steel were successfully resolved. 

The remaining sections of this study are organized as follows. Section 3 describes the actual 

operating conditions of the seven-stand hot continuous rolling mill unit and establishes a finite 

element model of the rolling process. In section 4, we calculate the stress distribution state in 

the deformation zone during the rolling process, the transverse thickness distribution of strip 

steel at the exit of each stand, and the on-site application of optimized rolling process 

parameters. The final section summarizes the results and provides relevant conclusions. 

3. METHODOLOGY 

By discretizing the mesh of the rolling element and constructing a dynamic finite element model 

for rolling, the groundwork is established for simulating the rolling process. 

3.1  Model parameter configuration 

To accurately study the deformation of the roll system, it is necessary to establish a three-

dimensional rolling model for simulation analysis. During the three-dimensional rolling 

process, the changes in the roll system are represented by the bending deformation of the roll 

axis. Obtain the equipment and rolling process parameters of the seven stand hot rolling mill to 

determine the material properties of the established finite element model of the rolling mill. At 

the same time, select the rolled piece as an elastic-plastic material, and the specific parameters 

are shown in Table I. 

Table I: Model parameter table. 

Support roller diameter (mm) 1500 Support roller body length (mm) 3300 

Work roll diameter (mm) 750 Work roll body length (mm) 3300 

Elastic modulus of work roll (MPa) 210000 Poisson’s ratio of work rolls 0.30 

Material Beam steel 700L Yield limit (MPa) 204.6 
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3.2  Unit grid division 

Steps: Create a two-dimensional model of the rolling mill in CAD, convert the format, and 

import it into Marc software for grid partitioning. When dividing the mesh between the work 

roll and the support roll, considering the larger volume of the roll and the fewer actual contact 

positions, in order to reduce the number of units and facilitate calculation, the contact position 

units between the support roll and the work roll, and between the work roll and the strip steel 

are divided more densely, while other positions are relatively sparse [17, 18]. This can improve 

calculation efficiency while ensuring simulation accuracy. At the same time, the following 

principles should be ensured during grid partitioning: 

(1) Due to the fact that triangular meshes are prone to distortion at vertices, which has a 

significant impact on the calculation results, all meshes are divided into four node quadrilateral 

meshes during modelling. 

(2) The subdivision of the mesh in the contact area adopts a one-third division method, 

which can ensure that the mesh of the roller remains consistent in the contact area, thereby 

ensuring the calculation accuracy during the calculation process. 

(3) On the circumference where the support roller contacts the work roller and the work 

roller contacts the rolled piece, considering the convergence problem of future contact analysis 

calculations, the grid division of the outer circumference should be as consistent as possible 

with the grid density of the rolled piece. Then, the grid density gradually increases from the 

centre to the outer circumference, forming an outer dense and inner sparse grid, effectively 

reducing the number of grids while ensuring calculation accuracy. 

When dividing the work roll into grids, taking into account the actual assembly situation 

and the length of the rolled sheet, ensure that the length of the encrypted arc is equal to the 

length of the rolled sheet. Obtain the mesh division model of the rolling mill as shown in Fig. 1. 

Due to the dense grid division in the contact area, the black part is presented in Fig. 1 [19]. 

 
a)  b)  c) 

Figure 1: Mesh partitioning model for rolling mill; a) support roller grid unit; b) work roller grid unit;  

c) strip steel grid element. 

The overall layout and mesh division finite element model between the support roller and 

the work roller, as well as between the work roller and the strip, are shown in Fig. 2. In order 

to rotate the support roller and work roller around their respective axes, it is necessary to enable 

the large displacement option in the analysis options. By sticking them together through contact 

with the rigid body, the rotation of the rigid body is used to drive the rotation of the elastic 

roller. In this model, the driving roller is the work roller, which drives the support roller to rotate 

through friction. The friction force between the work roll and the rolled part drives the 

movement of the rolled part. 
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Figure 2: Overall grid model of rolling mill. 

3.3  Definition of other boundary conditions 

The constraints on the support roller in the model are to limit the displacement of the main 

control point of the support roller in the x- and y-directions, set the pressure in the y-direction, 

and limit the rotation in the y-direction. Limit the displacement and rotation of the main control 

point of the work roll in the x-direction and the y-direction, and give the rotation arc of the work 

roll in the z-direction. 

At the same time, the middle cross-section of the support roll and the work roll body is 

symmetrically treated, and the displacement in the x-direction of all rolls in the roll system is 

fixed to prevent the impact of roll left and right deviation through simulation analysis. Apply 

front and rear tension to the plate to make it straight during the rolling process, achieving the 

function of a coiler. The grid in the contact area between the work roller and the strip is shown 

in Fig. 3. It is difficult to simulate the conveying and biting process of the plate and belt in the 

calculation, therefore, simplification has been made in the calculation. The simplified method 

is to first place the rolled piece into the roll gap, then give a pressure displacement to the support 

roll, and then drive the work roll to rotate to drive the rolled piece for rolling. 

 

Figure 3: Mesh in the contact area between work rolls and strip steel. 

3.4  Establishment of dynamic rolling finite element model 

Based on the equipment and process characteristics of the 2060 seven-stand hot rolling mill, a 

nonlinear finite element Marc was used to establish a finite element analysis model for the 

seven stand hot rolling process. Considering the computational complexity, the rolls of each 

rack will be indented to improve the calculation speed. The spacing is 160 mm, which is much 

longer than the length of the deformation zone. The rollers are all elastic bodies, and the rolled 

parts are elastic-plastic bodies. 

It is difficult to simulate the conveying and biting process of the plate and belt in the 

calculation, therefore, simplification has been made in the calculation. The simplified method 
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is to first place the rolled piece into the roll gap, then give a pressure displacement to the support 

roll, and then drive the work roll to rotate to drive the rolled piece for rolling. The calculation 

results only analyse the steady-state rolling state. 

In this model, the driving roller is the work roller, which drives the support roller to rotate 

through friction. The friction between the work roller and the rolled piece drives the movement 

of the rolled piece. Among them, the rollers are treated as elastomers and rotate around the axis. 

Based on refining the finite element mesh of the rolling mill, simplifying the calculation, and 

treating the elastic bodies of the support and work rolls, a seven-stand hot continuous rolling 

finite element model was established, as shown in Fig. 4. 

 

Figure 4: Finite element model of seven stand hot continuous rolling. 

4. RESULT ANALYSIS AND DISCUSSION 

Simulate the deformation process of the 700L beam steel during 7 rolling passes and record the 

thickness distribution of the rolled pieces at the outlet of each stand during the rolling process. 

Table II displays the process parameters and parameters of the rolled pieces for the 2060 

hot continuous rolling mill when rolling 700L beam steel. The incoming material has a 

thickness of 46.17 mm and a width of 1535 mm, while the measured final rolling outlet 

thickness is 5.06 mm. The rolled strip steel corresponds to the actual steel grade used in 

production, specifically, product 3 of 700L beam steel. 

Table II: Rolling process parameters. 

Rack number 1# 2# 3# 4# 5# 6# 7# 

Outlet thickness (mm) 27.52 16.79 11.55 8.66 6.69 5.62 5.06 

Reduction rate (%) 40.4 39 31.2 25 22.7 16 10 

Rolling force (kN) 21094 22206 19985 17765 14434 12879 11104 

Work roll bending force (kN) 600 600 600 600 650 650 650 

Work roll displacement (mm) 10 10 10 10 10 10 10 

Friction coefficient 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Tension (MPa) 483 572 668 751 851 981 981 

Deformation resistance (MPa) 151.7 190.5 223.7 257 318.2 329 361 

4.1  Stress distribution status in deformation zone during rolling process 

In accordance with Table II, which details the rolling process parameters, configure the 

following parameters within the Marc software: reduction for each pass, bending force applied 

to the work roll, material properties and deformation resistance of the strip steel, initial 

temperature, and tension before and after rolling. Ensure that corresponding initial and 

boundary conditions are also defined. Once the parameters for each working condition have 
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been set, you can proceed to submit the task for solution and calculation. As depicted in Fig. 5, 

each diagram displays the cloud map representing the distribution of equivalent stress in the 

rolling deformation zone. 

 
a) First frame 

 
b) Second frame 

 
c) Third frame 

 
d) Forth frame 
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e) Fifth frame 

 
f) Sixth frame 

 
g) Seventh frame 

Figure 5: Stress distribution status in deformation zone of each frame during rolling process. 

Fig. 5 displays the stress distribution cloud map for each frame's deformation zone during 

the 700 L rolling process of beam steel. The data in the figure reveals a progressive increase in 

stress within the deformation zones as rolling continues. Specific data is presented in Table III, 

allowing us to conclude that as the strip becomes thinner, its deformation resistance steadily 

rises. Despite a notable reduction in the reduction rate of the 6th and 7th frames, the internal 

Mises stress within the strip steel’s deformation zone is on the rise. 

Table III: Statistics of equivalent stress in the deformation zone of rolled parts of each frame. 

Rack number 1# 2# 3# 4# 5# 6# 7# 

Equivalent stress (MPa) 160 200 210 260 330 360 370 

4.2  Thickness distribution of strip steel in rolling deformation zone 

After completing the finite element simulation process, we obtained lateral distribution data for 

the strip steel's thickness as it passes through the rolling deformation zone of each frame. 
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Subsequently, these thickness lateral distribution data were extracted, and we utilized Origin 

software to create curves, allowing us to visualize the changes in thickness distribution as the 

strip steel progresses through the first to the seventh stand. 

Based on the horizontal distribution cloud map of thickness within the deformation zone of 

each frame and the outlet thickness distribution curve, it is evident that, along the width of the 

plate, the thickness of the strip steel remains relatively stable in the central area, with only a 

slight decrease in thickness observed at the edges. 

4.3  Optimization of rolling process parameters 

Furthermore, to validate the accuracy of the finite element simulation, three consecutive rolling 

trials were conducted using identical incoming materials and process parameters. On-site 

measurements of the outlet strip thickness were taken for the 5th, 6th, and 7th stands. Table IV 

below presents a comparison between the finite element simulation results for the centre 

thickness of the outlet strip and the corresponding measured values. 

Table IV: Simulation values and measured values for the centre thickness of export strip steel. 

Rack number 1# 2# 3# 4# 5# 6# 7# 

Finite element simulation 

thickness value (mm) 
28.02 17.130 11.520 8.765 6.805 5.740 5.277 

Measured value (mm) — — — — 7.03 5.97 5.51 

Error (%) — — — — 3.20 3.85 4.23 

Table IV demonstrates that the deviation between the outlet strip thickness, as simulated 

using the finite element method, and the actual measured value remains within 5 %. This 

substantiates the accuracy of our finite element simulation. Moreover, examining the thickness 

distribution curve reveals a consistent trend. Beginning from the outlet of the second frame, the 

transverse distribution of strip steel thickness exhibits an increase in the central region. This 

trend continues through the third, fourth, and fifth frames, where this characteristic intensifies. 

By the time we reach the outlet of the sixth frame, there is a significant abnormal increase in 

middle thickness of the strip steel. Although the issue of excessive middle thickness at the outlet 

of the seventh frame has been partly alleviated, it remains unresolved. 

Due to the small bending force of each frame, the force between the rolling roller and the 

strip steel is large on both sides and small in the middle, resulting in the problem of thick and 

thin strip steel in the middle. It is possible to compensate for the compression of the middle part 

of the strip steel by appropriately increasing the bending force of the previous several frames. 

Based on the results and combined with the actual production situation on site, it is analysed 

that the uneven lateral distribution of the finished strip thickness of the hot continuous rolling 

unit is due to only paying attention to the adjustment of the bending and shifting rolls of the last 

three stands, while neglecting the parameter adjustment of the first four stands. In this way, 

during rolling, it will occur that the thickness of the strip steel has exceeded the tolerance in the 

first four stands, and due to the influence of work hardening, the thickness distribution of the 

strip steel in the last three stands cannot be effectively adjusted. 

Therefore, the optimized rolling process parameters were used for experiments on the 

production site. The optimized bending force and roll displacement are shown in Table Ⅴ. 

Without changing other process parameters, the thickness distribution of the finished strip steel 

was observed and measured. Fig. 6 shows the physical image of the finished strip steel before 

and after parameter optimization, and Fig. 7 shows the measured average thickness distribution 

curve of the finished strip steel before and after parameter optimization. 
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Table V: The table of optimized bending force and roll displacement parameters. 

Rack number 1# 2# 3# 4# 5# 6# 7# 

Work roll bending force (kN) 750 750 750 750 650 650 650 

Work roll displacement (mm) 20 20 20 20 20 20 20 

 
a) 

 
b) 

Figure 6: Comparison diagram of finished strip steel before and after parameter optimization; a) before 

parameter optimization, b) after parameter optimization. 

 

Figure 7: Distribution curve of average thickness of finished strip steel before and after optimization. 

It can be seen from Fig. 6, the finished strip steel showed edge waves before optimization, 

that is, the thickness of the edge of the strip steel was thinner, and after optimization, the 

finished strip steel was straighter. It is intuitive to see that the transverse distribution of the 

optimized strip steel thickness is more uniform. 

As seen from Fig. 7, the thickness difference of finished strip steel C45 before and after 

optimization has been reduced by 60 %, the uniformity of transverse thickness distribution has 

been effectively improved, and the defects of thickness exceeding the tolerance have been 

solved, proving the practicality and effectiveness of the research described in this article. 
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5. CONCLUSION 

To effectively improve the quality of the finished strip steel of the seven stand hot rolling mill 

and reveal the relationship between the process parameters of each stand and the distribution of 

outlet thickness during the rolling process, this study used finite element simulation to simulate 

the stress and strain of the rolls and strip steel during the rolling process of the seven stand hot 

rolling mill. The genetic law of the transverse thickness distribution of the strip steel during the 

rolling process was studied, and the thickness deviation defect was solved by adjusting the 

process parameters. The main conclusions were as following: 

(1) The accuracy of finite element simulation is demonstrated by comparing the measured 

strip steel thickness data at the outlet of each rack on site with the simulated data, and the errors 

are all within 5 %. 

(2) The significant thickness deviations at the exit of the finished strip steel begin to emerge 

from the second frame, and become most obvious in the sixth frame. Although the uneven 

distribution of strip steel thickness is alleviated by adjusting process parameters in the seventh 

frame, the thickness deviation of the strip steel is still too large. 

(3) According to the results obtained from finite element simulation, by adjusting the 

bending force and roll displacement of the first four frames, the thickness difference of the 

finished strip steel C45 is reduced by 60 %, and the defect of lateral thickness exceeding the 

tolerance of the strip steel is solved. 

The established model is more accurate and closer to the actual production on site, and has 

important guiding significance for the optimization of the hot continuous rolling mill process 

and the study of the problem of excessive lateral thickness of strip steel. 
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