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Core and shell are made up with two di erent materials:

3 4

=R 5=

=

a Barrel: hard material; both wear and thermal resistant.
a Core and journals: ductile and tenacious material.
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Semi high speed steel as shell material is much popular:

a Good performances:

High wear & incident resistance abillities.
a Low market price:

Extra-cost related to alloy is negligible.

However, e ective mass production is stopped.

Because guality-based reject rate of rolls is too high.
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A small "ring" of cracks, never located at the ends of the raif
height in the range 30 to 40mm, "randomly" appearing:

Cracks are not spreading deeper into the core of the mill:
metallurgical structure change from dendritic to equialx(aadial)
blocks propagation.

CenCyLam project - Applied Science DEA presentation leo Studer




Introduction
Generalities
Industrial process
Semi HSS rolls
Semi HSS defects
Optical micrography
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

Penetrant testing

CenCyLam project - Applied Science DEA presentation

leo Studer




Introduction
Generalities
Industrial process
Semi HSS rolls
Semi HSS defects
Penetrant testing
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

Optical micrography

CenCyLam project - Applied Science DEA presentation

leo Studer




Introduction
Generalities
Industrial process
Semi HSS rolls
Semi HSS defects
Penetrant testing
Optical micrography
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

Scanning electron microscopy

CenCyLam project - Applied Science DEA presentation

leo Studer




Introduction
Generalities
Industrial process
Semi HSS rolls
Semi HSS defects
Penetrant testing
Optical micrography
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

CenCyLam project

a A third of the as-cast semi HSS rolls fail quality control.

CenCyLam project - Applied Science DEA presentation

leo Studer




CenCyLam project

Introduction a

Generalities . .

Industrial process a Semi HSS ts very well (in fact better than any other steel)
o s the rolls mechanical requirements, for an extra materiastco
emi HSS defects _ o

Penetrant testing that is negligible.

Optical micrography
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

CenCyLam project - Applied Science DEA presentation leo Studer




Introduction
Generalities
Industrial process
Semi HSS rolls
Semi HSS defects
Penetrant testing
Optical micrography
Scanning electron
microscopy

CenCyLam project

Flow mechanics

Experimental
aspects

Conclusion

CenCyLam project

a All attempts (experimental observation, metallurgical
analysis...) have so far failed to explain the origin(s)
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a Scratch build ow solver. a Materials characterization.
5
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We have a complex set of highly coupled problems.
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We have a complex set of highly coupled problems.

We are going to present:

4

4

a The required coupling of the two latter
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a Reconstruction phase: trivial.
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Adams Bashforth orderO (2) projection method.
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Adams Bashforth orderO (2) projection method.

Centered di erences for viscous derivatives
Direct resolution of linear system.

Modi ed WENO order O (5) scheme for convection.
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a Pre-existing information:

Solid phases for each alloy.
Viscosity: order of magnitude.

m
m
m
m

Elastic properties.
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a Italian experimental campaign:

Strain of solid phase state transformations.
Stress e ect on solid phase state transformations.
CCT diagrams.

Elasto-plastic properties characterization

m
m
m
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a Upcoming tests:

m DTA completion in Lege.

Additional tests in Italy, with MK and with Polytech Mons.

m Additional tests in Lege.
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Compression specimens

a Practical interest: needs less material and elaboration Is

easler.
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a However, thermal inertia and machine restrictions can't allow
to use such specimens.
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a However, thermal inertia and machine restrictions can't allow
to use such specimens.
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Upper temperature limit

Holding at high temperature
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Upper temperature limit

E ect of an usually negligible stress
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Upper temperature limit

High temperature gradient localization
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Martensitic phase state transformation
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Heating cycle
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Quench duration is limited due to legal restrictions.
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Stress e ect on martensitic transformation

Experimental procedure:
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Stress e ect on martensitic transformation
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Conclusion

Force range is limited due to tensile specimens mechanigatiure.
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Scanning Electron micoscopy
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Scanning Electron micoscopy

Introduction

Flow mechanics

Experimental Problems with carbon evaluation. However, some interegtin
2sbecs informations.

Parameters
Strategy

Italian campaign

Compression
specimens

Upper temperature
limit

Martensitic phase
state transformation
Stress e ect on
martensitic
transformation
Scanning Electron

micoscopy

Elasto-plastic
properties

Conclusion

CenCyLam project - Applied Science DEA presentation leo Studer




Introduction

Flow mechanics

Experimental
aspects

Parameters
Strategy
Italian campaign

Compression
specimens

Upper temperature
limit

Martensitic phase
state transformation
Stress e ect on
martensitic
transformation
Scanning Electron
micoscopy

Elasto-plastic
properties

Conclusion

Elasto-plastic properties

Need for a more precise machine:
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Elasto-plastic properties

Bidimentional approximation to ow curves:
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Elasto-plastic properties

Experimental procedure:

- Temperature cycle
without applied stress

1100°C - Temperature cycle

”””””””” / with applied stress
®
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Achievements

Introduction a Numerical aspects:

Flow mechanics

Experimenta m  Analysis of industrial process and related numerical stedi

aspects m Documentation: ow dynamics, interface tracking, turbulece,
Conclusion coupling...
m Establishment of the ad-hoc mathematical framework.
Perspectives m Establishment of the ad-hoc numerical methods.

m  Matlab implementation of 2D Navier Stokes solvers.

m HACH implementation of a WOLF 2D "vertical" solver.

m HACH implementation of a WOLF level set solver in progress.
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Achievements

Introduction a
Flow mechanics
. m

Experimental

aspects m

Conclusion

Achievements m

Perspectives
m
m
m
m

a Experimental aspects:

m Documentation: learning and establishing the things to beode.
Search for available data, setup experimental processes.
m  Discussion and elaboration of testing samples.

m [Italian testing campaign.
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Perspectives

Introduction a Numerical aspects:

Flow mechanics

Documentation: projection method stability.

Experimental m _ i _ | ]
aspects m  WOLF implementation: 2D swirl module with energy conserviain.
Conclusion m Flow / free surface coupling.
Achievements m  First solidi cation coupling.

m  Second solidi cation coupling.

//7///77//5/_%@%/7// 9.

1
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./. coupling .

Thermal Mechanical /I

:j Flow simulation simulation l simulation & A
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:/: + simplified (% metallurgical /I

: . 2D % M LEVEL hani ' effects 1

4 '

- LAGAMINE
\ J ) § /,
‘{‘¢ elel e madmlalmamadalal e d / ./ ./ / / “ _

CenCyLam project - Applied Science DEA presentation leo Studer




Perspectives

Introduction a

Flow mechanics

Experimental
aspects

Conclusion
Achievements

3 3 3 3

3

a Experimental aspects:

At MSM: elasto-platics properties and solid phases charactzation.

m

m At DIMEG: additional solid phases characterization roundfdests.
m At A&M: Di erential thermal analysys completion.

m At MK: exploratory tests in the very slow cooling range.

m At Polytech Mons: additional solid phases characterizatioround of

tests.
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Perspectives

Introduction

Flow mechanics

Experimental
aspects

Conclusion
Achievements

Thank you for your kind attention!
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