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Bar Rolling Process
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Bar Rolling Process

One machine/day   

=

 House for  6 months to 1 year

Intensive energy 
consumption process
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Bar Rolling Process

What does the optimum roll pass 
design mean?

(Optimal maximum area reduction ratio)
Minimum machine quantity

Reducing the CAPEX cost 

Smaller

Fewer

(Optimal minimum rolling torque)
Minimum machine size and energy 

consumption
Reducing the running cost 
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Maximizing area reduction ratio

Smaller

Fewer

Minimizing rolling torque

Study Objectives

Optimization Problem Objectives
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Rolling pass sequence
Square-Diamond-Square

Round-Oval-Round
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Output 
Round

`

Input 
Round

Intermediate 
Oval

Round-Oval-Round Pass
Probable Ovals

Required 
perfect shape
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Output 
Round

`

Input 
Round

Intermediate 
Oval

Feasible Ovals
Round-Oval-Round Pass
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Output 
Round

`

Input 
Round

Intermediate 
Oval

Under Fill

Un-feasible Ovals
Round-Oval-Round Pass

Over Fill

Large 
Bite 

Angle
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Output 
Round

`

Input 
Round

Intermediate 
Oval

Optimal Oval
Round-Oval-Round Pass

Accepted shape + 
Optimal torque and 

reduction ratio
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Optimization Problem Formulation

Bite angleUnderfillOver fill

Constraints

Design Parameters
 Oval geometry 
  Radius 
  Depth 

Objectives
•  Minimizing the rolling torque
•  Maximizing the area reduction ratio
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Challenges

21

Accurate Rolling 
Process Modelling

Finding the Optimal 
Solution

Optimal Oval Shape

How to calculate the rolling parameters 
according to the design variables  

How do we find the optimal solutions 
when so many solutions  
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Challenges

2

1
• Mathematical models are not available

•Complicated process

•Many process parameters

• Old empirical methods yield high margin of error

• Trial and error is so expensive

Accurate Rolling Process Modelling

Optimal Oval

• Finite element modeling
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Challenges

2

1
Two Step solution:

1. Finite element

2. Verification

Accurate Rolling Process Modelling

Optimal Oval

• Finite element modeling
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Abaqus Finite Element
• Rolling FEM

• Round-Oval
• Oval-Round

Explicit

Non-linear

Transient 
dynamic

Finite Element

Challenges

1
Accurate Rolling 

Process Modelling

S t e p
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1

Stress Strain curve 
& Strain Rate Effect

Chemical 
Composition

Temperature

• Abaqus Finite Element

Rolling FEM
• Round-Oval
• Oval-Round

Finite Element
S t e p

Challenges Accurate Rolling 
Process Modelling
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• Abaqus Finite Element
• Rolling FEM

Round-Oval
• Oval-Round

Finite Element
S t e p

Challenges

1
Accurate Rolling 

Process Modelling
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• Abaqus Finite Element
• Rolling FEM

• Round-Oval

Oval-Round

Finite Element
S t e p

Challenges

1
Accurate Rolling 

Process Modelling
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Verification of FE

• Experimental verification on the MKS rolling mill
• Six experimental trials

Step

Challenges

1
Accurate Rolling 

Process Modelling
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Verification of FE

• Actual experiment
• Six Experimental trial

Results comparison

Challenges

1
Accurate Rolling 

Process Modelling

Step
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Verification of FE

• Actual experiment
• Six Experimental trial

Results comparison

Less than 0.5% error in Torque

Less than 1.5% error in Reduction ratio

Challenges

1
Accurate Rolling 

Process Modelling

Step

Less than 0.1% error in Area
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Challenges
Optimal Solution

Optimal Oval Shape

2
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Challenges
Optimal Oval 2

Optimal solution 
Min. Torque or Max. 

Reduction 

Bite angle

Underfill

Overfill
1st pass 

Optimal solution
2nd pass 
Maybe

not optimal or not compatible
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Challenges
Optimal Oval 2

If the two passes are solved simultaneously, we can get the total optimal solution 
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•Required so many trials

Challenges
Optimal Oval 2
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Challenges
Optimal Oval 2

We Used data analysis and regression tools to get META-MODEL 
to solve the rolling process instead of FEM 

• Two-step solution:

1. Double stages FEM

2. Polynomial Meta-model and verification
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S t e p Double stages FEM

Challenges
Optimal Oval 2

• Round-Oval and Oval-Round passes FEM
• Annealing process between the two passes to relief the residual stresses 

More complicated 
but 

more accurate 
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Step

Polynomial Meta-model 
• Design of Experiment
• Automation of Rolling FEM
• Data analysis and regression
• Rolling meta-model equations
• Optimization result

Challenges
Optimal Oval 2
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Step

Challenges
Optimal Oval 2

➢ Full Factorial
➢ Three factors , 4,4,6 Levels
➢ 96 Total runs

Polynomial Meta-model 

Design of Experiment
• Automation of Rolling FEM
• Data analysis and regression
• Rolling meta-model equations
• Optimization result
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Step

Polynomial Meta-model 

Challenges
Optimal Oval 2

➢ Python Code
➢ Extract Output

• Design of Experiment

Automation of Rolling FEM
• Data analysis and regression
• Rolling meta-model equations
• Optimization result
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Step

Polynomial Meta-model 
• Design of Experiment

Automation of Rolling FEM
• Data analysis and regression
• Rolling meta-model equations
• Optimization result

Challenges
Optimal Oval 2

➢ Python Code
➢ Extract Output
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Step

Polynomial Meta-model 
• Design of Experiment
• Automation of Rolling FEM

Data analysis and 
regression

• Rolling meta-model equations
• Optimization result

Challenges
Optimal Oval 2
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Step

Polynomial Meta-model 
• Design of Experiment
• Automation of Rolling FEM

Data analysis and 
regression

• Rolling meta-model equations
• Optimization result

Challenges
Optimal Oval 2
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Step

Polynomial Meta-model 
• Design of Experiment
• Automation of Rolling FEM
• Data analysis and regression

Rolling meta-model equations
• Optimization result

Challenges
Optimal Oval 2

6 equations for Two passes
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Step

Polynomial Meta-model 
• Design of Experiment
• Automation of Rolling FEM
• Data analysis and regression
• Rolling meta-model equations

Optimization result

Challenges
Optimal Oval 2

Searching in meta-model equations 
reached optimal oval dimensions



reinforcing life. reinforcing life. 

Step

Verification of  the Optimization result

Challenges
Optimal Oval 2

7%

Meta-model 
result

Experimental 
result
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Automated FEM using 
python code

2

1

Verified Double Stage FEM
Using Abaqus software

Overall General Optimization  Method 

4

Finding optimal solutions
Using the META-model equations

3

Data analysis and Meta-
Model generation 
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Applications for this Study

Improve the roll pass design for the existing rolling mill plants

• Minimize the rolling torque and energy consumption

• Or Maximize area reduction ratio
❑ To produce smaller products from the same 

production line 

❑ To produce the same products from larger billet size
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20%• Production improvement by

• Rolling from 150x150 billet                       instead of 130x130

Application at Elmarakby Steel rolling mill #1

Without adding any rolling stands 
Without upgrading the existing equipment
Without reducing the production capacity
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Thank you
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