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Non-sequential data assimilation of in-situ observation and multi-phase-field simulation
of static recrystallization in 1100 aluminum
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To develop highly formable aluminum alloys, predicting microstructure evolutions during a static
recrystallization is crucial. Multi-phase-field (MPF) method based subgrain growth (SG) model has been
used for simulating the static recrystallization. The MPF-SG model requires accurate stored energy
distribution for the precise prediction of the microstructure evolution during the static recrystallization.
However, experimental measurement of the stored energy distribution has not been established. This study
developed a non-sequential data assimilation (DA) method based on the Bayes’ theorem for the estimation
of the stored energy distribution. The MPF-SG model and in-situ observation of the static recrystallization
were integrated by the non-sequential DA method to estimate the stored energy distribution from the
experimental data obtained from an electron backscatterd diffraction (EBSD). The MPF-SG simulation
was performed using the stored energy distribution estimated by the non-sequential DA. The result
demonstrated that the non-sequential DA could improve the prediction accuracy of the MPF-SG model.
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Fig. 1 (a) ND TPF map obtamed by the in-situ observation and
(b) the microstructure in the target area which is used for data
assimilation.
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Table 1 Physical property values and parameters used for the
SG simulation and the data assimilation.

Value
Grid spacing, Ax, 4y [um] 0.14
Thickness of diffuse interface, & [um] 0.84
Time increment, At [s] 0.25
Grain boundary energy of high angle grain 05
boundaries, yn [J/m?] '
Grain boundary mobility of high angle grain

2.0 x 10710
boundaries, M, [m*/J-s]
Number of iterations 200
Search range of stored energy of all grains

& & & 0.0~15.0
[MPa]
Initially estimated value of stored energy of 05
all grains [MPa] '
Standard deviation of stored energy of all o1
grains [MPa] .
Standard deviation of observation data 0.3
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Fig. 2 Transition of the cost function obtained from the data
assimilation using DMC-TPE.

Table 2 Optimally estimated values of stored energy of each
grain obtained by the data assimilation using DMC-TPE.

Optimally estimated value

Grain 1 2.8 MPa
Grain 2 12 MPa
Grain 3 3.1 MPa
Grain 4 9.0 MPa
Grain 5 0.98 MPa
Grain 6 4.0 MPa
Grain 7 6.3 MPa
Grain 8 0.30 MPa
Grain 9 12 MPa
Grain 10 6.3 MPa
Grain 11 0.38 MPa
Grain 12 0.56 MPa
Grain 13 5.2 MPa
Grain 14 0.19 MPa
Grain 15 8.4 MPa
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Fig. 3 (a) Observation data obtained from the in-situ observation
of the static recrystallization. Results of the SG simulation
employing the stored energy distribution (b) initially and (c)
optimally estimated in the data assimilation using DMC-TPE.
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