N

N

Full field modeling in a level set framework of Zener
pinning phenomenon - discussion of classical limit mean
grain size equation.

Benjamin Scholtes, Dmitrii Nikolaevich Ilin, Amico Settefrati, Nathalie

Bozzolo, Andrea Agnoli, Marc Bernacki

» To cite this version:

Benjamin Scholtes, Dmitrii Nikolaevich Ilin, Amico Settefrati, Nathalie Bozzolo, Andrea Agnoli, et
al.. Full field modeling in a level set framework of Zener pinning phenomenon - discussion of classical
limit mean grain size equation.. Superalloys 2016, Sep 2016, Seven Springs, Pennsylvania, United
States. hal-01430741

HAL Id: hal-01430741
https://minesparis-psl.hal.science/hal-01430741
Submitted on 10 Jan 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://minesparis-psl.hal.science/hal-01430741
https://hal.archives-ouvertes.fr

po

MINES
Tech

Cemef

CENTRE DE MISE EN FORME
DES MATERIAUX

AN

- e e e e e e e e = ==

ARMINES )

superalloy (S.Vemier, CEMEF, France)

A

AREvVaA  ArcelorMittal

Context

z
BSE image of precipitates in nickel based

r;uE@ ASCOMETAL

(rp)

AUBERTEDUVAL

D
WY

Level Set Framework -

S SAFRAN 'HA@GH DIGI

b fransvalor SA, 694 avenue Docteur Maurice Donat, 06250 Mougins, France

€ snecma Genneviliers, 171 boulevard Valmy, 92702 Colombes, France

Pinning of grain boundaries by second phase particles is widely
used to control the grain size during forming process of superalloys.

Classical Zener pinning law predicting
the limiting mean grain size [1]:

(Ry) = K

f m

< Rr>—mean grain size, < rp >— mean particle radius, f—
volume fraction of particles; K, m — parameters

depending on the assumptions.

Relation to the volume fraction of particles
located at grain boundaries fg, [2]:

(rp)

m
gb

(Rp) =K
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Simulation parameters:

Material:
M=23 x

Inconel 718
10-23 m4/(Js)

y =0.6 J/m?

a=0° (incoherent precipitates)
Particle radii r,: 0.2, 0.4, 0.6, 0.8 um
Area fraction . 1-8 %
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Level Set Framework:

LS function y is defined over a
domain Q as the signed distance
to the interface I' [3]:

Vt{ Y(x,t) = £d(x,T'(1)). x € Q,
L(t) = {x e Qy(x.1) = 0},

{

Wi(x.t)
ot

l//i(X! t

t
->

MyAY;(x,t) + De - Vii(x,t) = 0,
=0) =y (x), -

— time, M — mobility, y — interface energy,

v, — velocity due to stored energy gradient

Boundary condition at

precipitate/matrix interface: .
Vi
vyl

AN
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ST =V 7 =sin(a)

Domain size: 0.3 X 0.3 mmz2,

N

umber of grains: 2600

Initial mean grain size: <Ry> = 3.35 ym

Adaptive metric based meshing

remeshing tool [4] was used.

- New direct and parallel
reinitialization algorithm [5]
was incorporated.

Recoloring scheme [6] was used to
reduce the number of LS functions
needed to represent the polycrystal ,’

Time step: 0.1 s
16 CPUs (Xeon 1.2 GHz)
(computation time: 1-2 days)

Dependence of < Rs> on fg

2D simulation results for grain growth:
New mean field model for the limiting mean grain size

fgp and < R¢s> are measured at the steady state (when < R;> becomes stable)

1) The radius of precipitates (for a given f) affects drastically the grain growth kinetics

2) Kand m were found to depend on r,/<Ro> (see figures for K and m)

Parameter K as a function
of normalized particle size
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Expression obtained for the limiting grain size: (Rf> = 0,362<RO>
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Parameter m as a function
of normalized particle size
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Microstructure at the early and

final stages of the simulation
(rh=04um, f=3%)

Current work

A Initial microstructures

with non-equiaxed grains

A 3D simulations
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A Evolutive second
phase particles
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