Phase transformation in steel
austenite & cementite to ferrite & cementite
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Steel

J austenite Y

TIKI

austenite Y + cementite 0

ferrite OL + cementite 0

cementite 6 Fd,C

6,67 %C
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Model

9y /a Ay /a
S 1) = Vo (Dyale V252 (6 1) x € Qya(t)
co(x,t) = ¢ ,x € Qy(t)

%(X7 t) = 0 ,X € 02

BC M2(t), (1), (1), T(t), t > to
Initial conditions ¢, (x, to), ca (X, to), [7%(to), F7%(to), T (to)
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BC Mo, 1o, rof

Stefan condition from mass conservation, for [/a9:

dro/e? ¢y /a oep
(S =) === Pra, ~ Dy
drg/ described by first-order reaction flux.
for ¢ - oe, 5
Ca
(& =) =g = Dy ~DeTgy

e para-equilibrium: ¢, is at equilibrium ¢g2,
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Equilibrium parameters c™

485

6,67 %C

Y
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Solving the motion of the interfaces

Level-set method uses signed-distance function ¢(x, t)

+ min ||y—x||2 ifoQ_k(t)\rk’(t),

eQ
oK (x, t) = 0 if x € TH(t),
= min ly = Il if x € Q(e)\M¥(1).
S

¥ is updated by convection equation with convection
coefficient vZ°¥'(x, t) obtained from

ex,k/
Av, =0 \ X € Qk\rkﬂ
kI
vk = A x e TH.
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Solving the diffusion equation

dc.,/,
M’y/a(t) o/

Space discretisation by Galerkin FEM
t) =
(1)

Sy/a

(tvcw/a(t)) Cy/alt)+Ey/a (t, cv/a(t))
Time discretisation with backward Euler
n+l n+1 n+1 __ n+1_.n n+1
(Morh— nesrit) entl = Moflen,, + AL,
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1D implementation

Initial concentration at T= 1000 K
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1D implementation medium cooling

¢, three phases c. three phases
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1D implementation fast cooling
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1D convergence

Constant T = 800K
Start with | end with | approximated order

3 phases 2 phases | 0.68
3 phases | 3 phases | 1.15
2 phases* | 2 phases | 0.83

*Interface I position as 3 phase-model ended.
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Future work: 2D level-set
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Future work: accuracy

e Handling the (open) problem of jump in BC.

@ More accurate time integration (Theta-method, RK, ...).
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Questions, suggestions, remarks,
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