25 JE AL AN 1) 2 JEE A 28 I 455
AT RIS o
2 OR OREH ERA SAE

(1 BUHEAE SR 27 B A B RE il 2 Be , AT 310018)
(2 W) B BRI R BB 24 B, AP 322100)

s

4 T

X fE AT ERABR Inconel X-750 %3440 dh b K KAT A 4 A LAY 2 W & AF Lk AT T RAEF2 TR
M, i@ kK KIKIE KA T Inconel X-750 2 iR A4 £ R B PR IB B 18] Fo i B T 09 a2 R 4040 AR T AR IR
b 18] e B B At dh A R T R R 4 BegHem il aDHARIR ) AR AR A N T 4 b R e g R
ERABEARB METREATAINERNAGOLSMERHGENMERKBER, RAMHEZGHERKKAEE
AT LG TEABCCEA A MR TRy ERFHRMN, ZLTFBEFTHERT HERH Y
JE ARIRISE AR IR AT B Z A R K B, R A kR KAV W AR LA R 3 e R

KA A K K, Inconel X-750 F iR &4, A R T, RH HE AT ZER L

T E 5 £ 5 TG146. 1 DOI: 10.12044/j.issn.1007-2330.2025.02.006

Construction and Application of Artificial Neural Network Based Grain
Growth Model Considering Non—uniformity of Grains

WANG Yun' ZHOU Zhimin' TONG Yijie' LV Hangying’

(1 Fair Friend Institute of Intelligent Manufacturing, Hangzhou Vocational & Technical College, Hangzhou, Zhejiang 310018)
(2 School of Intelligent Manufacturing,, Zhejiang Guangsha Vocational and
Technical University of Construction , Dongyang, Zhejiang  322100)

Abstract  To further investigate the grain growth behavior of Inconel X-750 superalloy, artificial neural
networks were employed in this work. The grain growth tests of Inconel X-750 superalloy were carried out to obtain
the grain distributions under different holding temperatures and holding times, and the influences of the holding
temperature and holding time on the size and non—uniformity of grains were investigated. The artificial neural
network based grain growth model involving grain non—uniformity was constructed with the holding temperature and
holding time as inputs, and average grain size and coefficient variation of grain size as outputs. The relationships
between the grain size, grain non—uniformity, holding temperature and holding time under isothermal condition were
established by predicting the grain sizes and grain non—uniformities in wide process parameter range using the
constructed grain growth model. The results show that the neural network model for grain growth possesses high
precision.

Key words Grain growth, Inconel X=750 superalloy, Grain size , Non—uniformity , Artificial neural network
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Tab.1 Chemical compositions of the experimental material
wt%

Cr Fe Ti Co Nb Mn Si C H Ni

1594 627 242 1.02 092 072 024 005 002 &i
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Fig. 1  Original microstructure of the experimental material
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Fig.5 Microstructures and grain size distributions at the

holding temperature of 1 273 K and holding times
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Fig. 6 Microstructures and grain size distributions at the
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holding temperature of 1 323 K and holding times
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Fig. 7 Microstructures and grain size distributions at the

holding temperature of 1 423 K and holding times
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Tab.2 Average grain sizes at the experimental conditions

R ] SEE R S um
/min 1123 K 1223K 1273K 1323K 1423 K
0 317 34.6 38.9 48.2 65.3
100 33.5 38.7 48.8 62.6 90.7
200 33.6 40.5 55.7 73.8 110.6
300 35.3 42.1 57.5 80.3 116.2
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Tab.3 Variability coefficients of average grain sizes
at different temperatures and holding times

i) 55 R %
/min 1123 K 1223 K 1273K 1323K 1423 K
0 2.52 2.72 3.05 3.27 3.84
100 2.53 3.04 3.29 3.91 5.89
200 2.59 3.09 3.49 4.84 7.24
300 2.76 3.13 3.55 5.30 7.46

2 PR R R R — A, A BRI R SR
AN — DT St RUSH R ¥ 5 BB, B A B —
FERE T AR R A B A BRI, kA
AT AETC IR A, PRI, R RS A AS 1 2 BE 38 K i
T BRI
B RS A 7R S R 005 R T IR B A C R AN BT 9
JT7s o AT LA P T R 4 i n] 3 B Sk R
SRR SRR K . AR AR R R B 1273 K
F o Bt AT 1273 KT 218K e & 1 1 273
K B 19K, 3 W Inconel X—=750 4 45 4 i ki N~
AN o 9 B T v T R i, R 6L TR T A
_ a6 —

>
7
/

ol =

5

BRSO A n] LB H 761323 11 423 K &1FF
Inconel X=750 44 i1 T ibbi 55 8 K KRS EOR R i
Rt L2 TR E FIE R T R RN e i

8

——1 123K
—o—1 223K
——1 273K
——1 323K
——1 423K

R B A%

—_— —

0 100 200 300
AR IR ] /min
B8 AL ST AR S 2 B PRl I 1] 9 9 5
Fig. 8 Relationships between the variation coefficient of

grain sizes and holding time
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Fig.9 Relationships between the variation coefficient of grain

sizes and holding temperature
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Fig. 10 Relationships between the neuron numbers of the hidden layers and the mean relative errors of

average grain size andvariation coefficients of grain size
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Fig. 11 Comparisons between the predicted average grain sizes and variation coefficients of grain size by

the neural network and the experimental values of Inconel X-750 alloy
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Fig. 12 Correlation relationships between the predicted and experimental average grain size and

variation coefficient of grain size of Inconel X-750 alloy
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Tab.4 Comparison of validation test data

(R K - ] SR RS N
ML {11 /3. . N N N N N N
/min KT/ wm  SE/m AHXF 525 /% 25 190 28 T /% S/ % AN IR 25/%
0 36.2 37.91 -4.51 1.04 1.10 -5.45
1250 133.3 45.08 46.23 -2.49 1.46 1.42 2.82
266.7 48.59 50.41 -3.61 1.64 1.58 3.79

4 BRPRKKMMN X REE
P28 I 2 ) R A E T B AT AR R R 1z A e

A YR 55 2R FH M) A A0 b 22 IO 485 o7 K B AR
Inconel X=750 & 475 1 123~1 423 K {4 15 5 F1 0~
300 min {4 75 E] P A OB RS SR AT T, EE ST T 4
B % S Sl N e T VA NG T L Y7 N E0 - T R 0
PR B (] 22 5] e 1 5C 3R , An 81 14 iR o T ol b
R RS RIFRHEZE (o ) VE R ARSI 5 BE I R AE 1,
T RAFAE HE — O 5 W B RN ORI B 1B T Aok RO Y 46
XS HORE B L A N G R A e g i — P R
Inconel X-750 & 4x 7645 B A5 1 T 0 iR KA,
[ 5 BE % M Inconel X=750 4 4 ki & KAT A (19 HoAt
WFE AL E 5 AT 20 LR .

1123K
I 1148K
Il 1173K
B 1198K
I 1223K
Il 1248K
Il 273K
I 1298K
I 1323K
I 1348K
I 1373K
B 1398K
B 1423K

P14 iz W L AEE I TN B ol RO R AN 1 2 B2 X
i FEE R A R ] g o 175G 2R
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neural network model
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