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Utilization of Machine Learning for Grain Size Analysis in Superalloys
and Development of a Grain Size Distribution Simulation

Momoka YANAGIHARA, Tatsuya KAWAI Akira KOJIMA and Takuma OKAJIMA

Synopsis

Control of microstructures, such as average grain size, grain size distribution, and precipitated phases is important for
achieving superalloys that display material properties suitable for harsh environments. While it is possible to predict the average
grain size with FEM simulation, prediction of grain size distribution has not been established, because the process of tracing
grain boundaries and analyzing distribution is expensive and time consuming. Generally, grain size distribution is expressed in
terms of probability density, as a function, with the standard deviation of the grain size distribution as one of the variables. In this
study, a grain-size distribution simulation has been developed, combined with automated crystal grain measurement technology.
Standard deviations of recrystallized grain size were formulated with temperature and holding time in the hot compression test.
The results of the grain size distribution simulation incorporating the standard deviation prediction equation confirmed that the
predicted grain size distribution was almost same as the experimental values.
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Table 1. Chemical composition (mass%).

Material | Ni | Cr | Mo | Cu | Ti | Al | Fe
Alloy925 | 44 | 21 | 3.1 | 1.8 |22 | 0.2 |Bal.

Fig. 1. Microstructures after solution treatment.
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Fig. 2. Experimental conditions of compression test.



P # > & O R R E R LA ORREE O & b

2. 3 HEENZEDHOHMEIFHNIE
REICRIImFE LI 7 0 GEHIIH LT, S % H
Wz SRR ORI & REHFE TR OV TORY. REER
TIE, BBk HE 12 LT 250 Ml DL - oo ok % R
L, fESRE AT ORI % M L 72, Fig. 3 124 Sk %
AT OBESX 2R, AR AR TS S L E £ off
SR, BT EICER T %, BRSREICET A1
FES\ I L, s A AR, A 2 RS AR o B ARR)
ML LB aoMENESMiZER L. CoLEo
BEARIZ 01 HA & L7z, S SRS RES L DX (1)
~3X (3) ZHVCFIRE, RS EREEEK
REMB L.

_ Y(InD;jxXrex)
Dyex = exp [ER2ETre0 ()
1 k 2
Oinp = ;xzﬁimdfqnmm) (2)
_ 1 __ (nDj-In Drex)?
f(x) - UlnD\/E ex { 2(O'InD)2 } <3>

ZoTR() ~RB) 12BWT, D, TSRO
AR, DAXFARE SR ORAROBERAE, X, 35 5 A
o I R RO ZE, MIFA A OB,
di3ME 2 OFAESRR T R T . FIRARII A SR O T

REGAAY I 2= a v OR%

93

Average
grain size
DTEX.
A i
1
2 Standard
2 deviation
g OinD
z
E
3
<] -
o Probability
density function
feo
=Omp *Omp
Fig. 3. Schematic of grain size distribution.
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Fig. 4. Comparison of microstructures after compression tests at 1200 °C and 1000 °C.
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Fig. 5. Grain size distributions of microstructures after compression tests.
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Fig. 6. Recrystallized grain size distributions after compression tests.



Bt b > A & O/ SRR E RO E OBH L fBRES Y I 2V —v a Yo% 95

700
(a) 1000 °C
¢ expt._ave.
§_600 F
~ - - cal._ave.
c
2500
©
N
g 400 - -
Py
[
2300
“6 p—
8
‘% 200
.% ______________________ ¥ -
5100 _? ==
& | |

0 1000 2000 3000 4000
Holding time / s

3500

(b) 1200 °C

X expt._ave.
3000 r
- -cal._ave.

2500 r
2000 r -
1500 [

1000 |

Grain size of recrystallization / um

500

0 1000 2000 3000 4000
Holding time /' s

Fig. 7. Recrystallized grain growth.
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Fig. 9. Relationship between holding time and standard
deviation of recrystallized grain size.
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Table 2. FEM simulation conditions.

Material Alloy925

Diameter: 15.0 mm
Length: 22.5 mm

Size of test piece

Temperature 1000 C, 1200 °C
Reduction 40 %
Strain ratio 10s”
Holding time 1, 60, 600, 3600 s
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Fig. 11. Results of simulation of recrystallized grain size

distribution.
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