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Figure 1: entrifugal ast-ing proess

The aim of this projet is to provide a simulation solution forentrifugal asting of large bimetalli rolling mills. These prod-uts are made up with two di�erent steel alloys: a graphite ironas ore material, and a highly resistant steel as outside material.The two materials are sequentially poured into a rotating mould(The outer material beeing poured �rst). In 1970, Marihal Ketinadapted the vertial spin asting proess to rolling mills manu-faturing (see �gure 1). Sine then, this tehnology has beensuesfully used, with empirial developments and adjustments.However, the reent introdution of semi high speed steel (highhromium and manganese) as the outside material has led to un-preditable defets, weakening the whole struture of the produt.The nature of this asting tehnique leads to a need for numerialsimulation: due to high rotation speed and temperature, visualobservation is said to be impossible and sensors use is very re-strited.
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Figure 2: defets lassi�ation

Traditionnaly, mehanial defets are ap-pearing on the ylinder during heat treat-ment, this is a well known phenomena whihhappens when the strain between the outsidesteel and the ore material is to high, thusleading to an internal ring inside the ylinderollapsing. The kind of defets that we areinterested in is muh di�erent, it is made upof tiny raks appearing all along the irum-ferene of the outside material (see �gure 2). The onsequene of this external ring ofdefets is the ylinder rupture in the worse ase, or a seriously shortened produt liferange in the better ase.3 SIMULATIONThe following steps have to be realized, as far as numerial developments are onerned:
• Build a generi �uid solver that takes into aount the �uid's free surfae1, (surfaetension) the energy balane (thermal e�ets) and variable physial parameters.
• Interfae this dynami solver with an existing stati themometallurgial �nite ele-ment solver2 that has been suessfully used in the �eld of ontinuous asting.3.1 Fluid EquationsWe are using the Navier Stokes equations, with variable visosity and thermal on-dutivity. Furthermore, the following assumptions an be made: invisid �ow, (as faras mushy zone is not onerned) turbulent �ow, 3D �ow. The Prandlt number is verysmall, thus heat onvetion an be negleted. We assume Boussinesq approximation. Ourequation system an be written as follows (see variables de�nition � 5):

div V = 0 (1)
∂tV + (V · ∇) V − div

(

ν∇V
)

+∇Π = f + B(θ) (2)
∂tθ =

1

ρCv

△ (λθ) + q̇ (3)The traking of the �uid interfae is performed with a Level Set metod1:
∂tφ + (V · ∇)φ = 0 (4)

|∇φ| = 1 (5)
|∇φ| · |∇V | = 0 (6)2



L. Studer, A.M. Habraken, M. Pirotton, F. Pason, B. Dewals3.2 Fluid numerial resolutionThe Navier Stokes system of equations is solved thanks to the projetion method.We have implemented several kinds of spae and time disretization tehniques, in thesheme of �nite di�erenes. For instane we have implemented weighted essentially non-osillatory1 spae disretization, and Adams Bashforth1 time disretization. A �nite vol-ume implementation is in the works. The free shape traking in its urrent implementationuses the fast marhing method and a �rst order spae disretization. We are planningto express the synergy between onservation equations and free shape evolution by themeans of the ghost �uid method1.3.3 InterfaingThe basi assumption of the projet is that we will keep on running the �uid simulationsuntil the whole liquid metal has been solidi�ated. Given �gure 1, we de�ne three distintareas: the solid metal, the liquid metal and the mushy zone. Within the liquid zone, wemight assume onstant physial parameters and use the liquid metal assumptions. Withinthe solid zone, we run the �nite element thermo mehanial solver.The mushy zone is determinant: in this zone the physial parameters evolve and leadto solidi�ation. This zone is geometrially and temporally less steady than the twoothers. Given an ad-ho time sale analysis, we will exhange informations between thetwo simulations, and let the two domains evolve aordingly.

Figure 3: interfaing the simulations
ω
liquid
i is the domain attahed to the liquid metal poured into the mould at time step i.

Ωliquid
i is the domain oupied by the whole liquid metal at time step i.

ωsolid
i is the domain oupied by liquid metal that turns into solid state at time step i.3



L. Studer, A.M. Habraken, M. Pirotton, F. Pason, B. Dewals4 PHYSICAL PARAMETERSIn order to alibrate our numerial models, we need to haraterize the physial param-eters of the materials involved in the industrial proess. The required experiments willbe performed both by ontrators and during a six month testing ampaign at DIMEG,(Dipartimento di Innovazione Meania e Gestionale) Padova University, Italia.4.1 Requirements for �uid simulationWe need to evaluate the following thermophysial parameters: density, thermal on-dutivity, spei� heat, oe�ient of linear thermal expansion and visosity; as funtionsof the temperature. Most of these an be measured by performing a di�erential thermalanalysis. The ase of the visosity remains problemati and a way to adress it has yet tobe found.4.2 Requirements for thermomehanial simulationThis simulation requires a large amount of parameters to be determined. Amongstthem, we an quote setting up the TTT diagrams of the materials, haraterizing thebehaviour of phase transformations under stress, measuring the strain and enthalpy thesetransformations produe, �nding out about the elasti and plasti properties of eahphase. An issue when adressing these measurements is to be able to reprodue the indus-trial environment within the sale of the testing mahine, so that the phase analysis areonsistent with the reality of the proess.5 DEFINITIONS
V veloity �eld ν kinemati visosity ρ density
θ temperature r radial distane ω angular veloity
q̇ heat exhange oe�ient p pressure Cv spei� heat
β volume thermal expansion oe�ient λ thermal ondutivity φ level set funtion
Π = 1

ρ
(p − 1

2
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