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Bar Rolling Process

Intensive energy
consumption process

One machine/day
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Bar Rolling Process

What does the optimum roll pass

design mean?

(Optimal minimum rolling torque)
Minimum machine size and energy
consumption
Reducing the running cost

Fewer

(Optimal maximum area reduction ratio)
Minimum machine quantity
Reducing the CAPEX cost
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Study Objectives

Optimization Problem Objectives

Maximizing area reduction ratio

Fewer
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Rolling pass sequence

Round-Oval-Round
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Round-Oval-Round Pass

’robable Ovals

01010

010

01010

) 1O 10

O O O Required
0100 perfect shape

> Input >> Intermediate >> Output>
Round Oval Round
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Round-Oval-Round Pass Feasible Ovals

> Input >> Intermediate >> Output>
Round Oval Round
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Round-Oval-Round Pass Un-feasible Ovals

Over Fill

Under Fill

0 .
O O Bite #
Angle
> Input >> Intermediate >> Output>
Round Oval Round
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Round-Oval-Round Pass Optimal Oval

Accepted shape +
@ O O Optimal torque and

reduction ratio

0
@
D
[

> Input >> Intermediate >> Output>
Round Oval Round
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Optimization Problem Formulation

Objectives
. Minimizing the rolling torque
. Maximizing the area reduction ratio

Constraints

Over fill Underfill Bite angle
Design Parameters . Wo X
Oval geometry ‘
Radius .
Depth |
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Challenges

Accurate Rolling
Process Modelling

How to calculate the rolling parameters
according to the design variables

¥ elmarakbysteel

Finding the Optimal
Solution
Optimal Oval Shape

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

Challenges

Accurate Rolling Process Modelling

Mathematical models are not available
e Complicated process
* Many process parameters
Old empirical methods yield high margin of error

Trial and error is so expensive

Finite element modeling

elmarakbysteel
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Challenges
Accurate Rolling Process Modelling

* Finite element modeling

Two Step solution:
1. Finite element

2. Verification
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Challenges Accurate Rolling

Process Modelling

Finite Element

* Abaqus Finite Element

* Rolling FEM Transient
e Round-Oval dynamic
e Oval-Round
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Challenges Accurate Rolling

Process Modelling

Temperature

Finite Element

* Abaqus Finite Element

-Rolling FEM

e Round-Oval
e (Qval-Round

Chemical
Composition

s
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Stress Strain curve
& Strain Rate Effect //’—‘
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Challenges Accurate Rolling

Process Modelling

Finite Element

* Abaqus Finite Element
* Rolling FEM

e Round-Oval

e (Qval-Round
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Challenges Accurate Rolling

Process Modelling

Finite Element

¥
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* Abaqus Finite Element
* Rolling FEM
* Round-Oval

e Oval-Round
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Chauenges Accurate Rolling

Process Modelling

Verification of FE

* Experimental verification on the MKS rolling mill
* Sixexperimental trials

.
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Chau‘enges Accurate Rolling
ifi i P Modelli
Verification of FE rocess Modelling

* Actual experiment
* Six Experimental trial

* Results comparison
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Challenges Accurate Rolling

Process Modelling

Verification of FE
* Actual experiment

* Six Experimental trial

* Results comparison

Less than 0.5% errorin Torque

Less than 1.5% errorin Reduction ratio

Less than 0.7 % errorin Area
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Challenges

Optimal Solution
Optimal Oval Shape
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Challenges
Optimal Oval

18t pass
Optimal solution

Optimal solution

Min. Torque or Max.
Reduction

Ho

d .
2" pass Overfill
Maybe
not optimal or not compatible
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Challenges
Optimal Oval

If the two passes are solved simultaneously, we can get the total optimal solution
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Challenges

Optimal Oval
* Required so many trials

> qq;:A
7 ™ ~ '\./
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Challenges
Optimal Oval

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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Challenges
Optimal Oval

Double stages FEM

* 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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Challenges
Optimal Oval

Polynomial Meta-model

Design of Experiment
Automation of Rolling FEM
Data analysis and regression
Rolling meta-model equations
Optimization result
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Challenges
Optimal Oval

» Full Factorial
» Three factors, 4,4,6 Levels

* Design of Experiment > 96Totalruns

Polynomial Meta-model

¥ elmarakbysteel

* Automation of Rolling FEM Input Round | Oval Oval
* Data analysis and regression Diameter Depth | Radius
* Rolling meta-model equations 29 4.5 25
* Optimization result 22§ 5 26.5
23 5.25 28
23.5 5.5 30
- - 33
- - 36
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Challenges
Optimal Oval

Polynomial Meta-model

* Design of Experiment

* Automation of Rolling FEM

Data analysis and regresgiag
Rolling meta-model equ &
Optimization result

» Python Code
» Extract Output

¥ elmarakbysteel
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Challenges
Optimal Oval

Polynomial Meta-model

* Design of Experiment

. o 0 » Python Code
Automation of Rolling FEM ;. =~ S o
Data analysis and regression
Rolling meta-model equati o e
Optimization result e B E s o m e sm

2

2
2
® 2
2
2
2
2
2993 1093 274 34.70% 781 75 BS 2 19977 14.45 17.02 0.84 139.46% 333 47.40% 11.14
28.59 11.83 2.40 28.91% 6.19 7.5 B.5 2 21B.68 15.54 17.02 0.83 15.01% 3.65 42.42% 9.82
28.02 12.42 2.26 26.26% 5.65 75 85 2 226.16 16.69 17.02 0.97 19.25% 3.82 40.45% 9.47
2751 12.92 213 23.69% 5.01 7.5 BS 2 23132 17.45 17.02 101 20.19% 413 38.10% 9.15
2976 10.93 272 35.18% 753 75 B85 2 20274 14.66 17.02 0.85 20.11% 3.42 46.62% 10.94
2848 1192 239 27 68% 6.12 75 BS5 2 22071 16.11 17.02 0.94 18.65% 3.78 41.8%% 9.90
2795 1242 235 25.07% 541 75 B85 2 22749 16.86 17.02 0.98 20.07% 4.03 40.11% 5.44
2746 1292 212 22.66% 477 75 BS5 2 232.05 17.60 17.02 102 21.00% 4.24 38.90% 5.01
29.62 10.93 271 32.00% 7.28 75 B85 2 205.16 14.82 17.02 0.86 20.56% 3.57 45.98% 10.85
2842 1192 238 26.65% 5.92 7.5 B.5 2 22227 16.25 17.02 0.54 20.22% 3.7 41.48% 9.89
2789 1242 225 24.1%% 523 75 B85 2 22842 16.99 17.02 0.99 20.67% 415 39.86% 9.38
29.22 12.43 2.35 31.12% 6.47 7.5 BS 2 22415 16.45 17.02 0.96 18.08% 3.59 43.58% 10.06
2860 1292 21 28.28% 579 75 B85 2 23067 17.29 17.02 1.00 19.04% 385 4194% 564
2874 1193 245 32.95% 7.05 75 BS5 2 217.23 15.80 17.02 0.92 18.45% 3.48 45.32% 10.54
29.10 1242 234 30.06% 6.35 75 B85 2 23579 16.63 17.02 0.97 1B.75% 3.69 43.16% 10.04
2852 1292 2121 27.30% 5.73 75 BS5 2 231.4% 17.44 17.02 101 19.85% 3.97 41.73% 9.70
— 2963 1193 248 31.9%% 6.87 75 B85 2 219.01 15.95 17.02 0.93 1B8.94% 361 44 87% 10.48
e m a ra ( y S e e 2899 1243 233 25.16% 6.12 75 BS5 2 227.01 16.75 17.02 0.97 18.34% 3.87 42 86% 5.99
2845 1292 2.20 26.44% 5.55 75 B5 2 23212 17.58 17.02 102 20.57% 407 41.57% 9.62
30.54 10.93 283 36.70% 8.24 7.5 85 2 201.60 14.49 17.02 0.84 19.83% 343 49.25% 1167
209 49 1193 2 A7 0 BA%: 660 J5 B 2 71720 RO 16 11 17 07 004 19 6082 2376 A4 405 10 45



Challenges

Optimal Oval
Predictions
° 9.5 .
Polynomial Meta-model | - oenaiors
* Design of Experiment g 85
* Automation of Rolling FEM % 8
* Data analysisand  §"
regression Bos
* Rolling meta-model equations E di o
 Optimization result 20
=

5 6 8 9
True response kN.m
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Challenges
Optimal Oval

Polynomial Meta-model

) DeSIgn Of Experiment ' ' ' * Available Design Points
* Automation of Rolling FEM 105

 Data analysis and §..|
regression N

* Rolling meta-model equations
 Optimization result

9.5

Total Torque

25

5.8
Groove Depth 20 Oval Radius
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Challenges
Optimal Oval

Polynomial Meta-model

* Design of Experiment
 Automation of Rolling FEM
* Data analysis and regression

* Rolling meta-model equations

* Optimization result

6 equations for Two passes
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Challenges
Optimal Oval

Polynomial Meta-model

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

o Optimization result Searching in meta-model equations

reached optimal oval dimensions

Maximum Optimal Torque
. 113% - 9 16%
Reduction Improvement
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Challenges
Optimal Oval

Verification of the Optimization result
Meta-model Maximum 0 Optimal Torque o
Reduction ' 13% Improvement l' 6%
Experimental Maximum o Optimal Torque
7%
Reduction IBA Improvement l' ’
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Overall General Optimization Method

Verified Double Stage FEM Data analysis and Meta-
Using Abaqus software Model generation

I

Automated FEM using Finding optimal solutions
python code Using the META-model equations
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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

(1 To produce smaller products from the same
production line

J To produce the same products from larger billet size &0 &0
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Application at Elmarakby Steel rolling mill #1

 Productionimprovementby 20% ./II

* Rolling from 150x150 billet - instead of 130x130 -

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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