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Relationship Between High—temperature Plasticity and the Composition of the
GH4175 Superalloy Discovered via Machine Learning
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LI Junjie', WANG Zhijun', WANG Jincheng'

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. 93147
Troops of the Chinese People's Liberation Army)

Abstract: The GH4175 alloy is a typical new difficult-to-deform superalloy. Optimizing its composition to enhance its
deformation capability in the high-temperature single-phase region is a crucial prerequisite for preventing cracking during
the cogging process of this alloy. By combining thermodynamic calculations, high-temperature tensile experiments, and
machine learning methods, the composition of GH4175 was optimized. The key compositional elements that influence the
v’ phase volume fraction at 800 °C, the y' phase dissolution temperature, and the alloy melting temperature are identified
via design space screening and adaptive learning strategies. A relationship model between the content of these elements and
high-temperature elongation is established, clarifying the compositional range that ensures excellent high-temperature
ductility while maintaining a reasonable processing window and ' phase volume fraction at 800 °C.
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Tab. 1 Nominal composition and variation range of the GH4175 alloy

(mass fraction/%)

Element C Cr Co W Mo Al Ti Nb \Y% Ni
Nominal Comp. 0.06 10.0 15.5 3.0 4.5 4.0 2.5 4.5 0.6 Bal.
Lower limit 0.04 9.0 14.0 2.4 3.6 3.0 2.0 3.8 0.2 Bal.
Upper limit 0.12 11.4 16.4 3.8 5.0 4.4 3.0 5.0 1.0 Bal.

1 GHA175 & 4 4 AR M HLAS 2% 21 5w il F2 1]
Fig.1 Flowchart of the machine learning strategy for the composition optimization of the GH4175 alloy
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Tab.2 Number and composition of the 20 kinds of alloy
(mass fraction/%)

Alloy C Ct Co W Mo Al Ti Nb V Ni
T-1 0.04 90 155 3.0 45 32 28 48 0.6 Bal
T-2 012 114 155 3.0 45 44 28 38 0.6 Bal
T3 012 9.0 155 3.0 45 44 28 38 0.6 Bal
T-4 0.08 114 155 3.0 45 32 30 50 0.6 Bal
T-5 0.04 104 155 30 45 38 30 38 0.6 Bal
T-6 0.06 92 155 3.0 45 38 3.0 38 0.6 Bal
T-7 0.06 9.0 155 3.0 45 42 20 48 0.6 Bal
T-8 0.06 94 155 3.0 45 40 20 50 0.6 Bal
T-9 0.06 9.6 155 3.0 45 42 20 50 0.6 Bal
T-10 0.08 11.0 155 3.0 45 38 22 40 0.6 Bal
T-11 008 9.0 155 3.0 45 32 30 50 0.6 Bal
T-12 0.10 106 155 3.0 45 44 26 38 0.6 Bal
T-13 006 114 155 3.0 45 38 26 38 0.6 Bal
T-14 0.04 100 155 3.0 45 38 26 38 0.6 Bal
T-15 0.06 100 155 3.0 45 40 28 40 0.6 Bal
T-16 0.06 102 155 3.0 45 40 28 40 0.6 Bal
T-17 0.12 11.0 155 3.0 45 40 20 38 0.6 Bal
T-18 0.12 98 155 3.0 45 38 24 38 0.6 Bal
T-19 0.12 112 155 3.0 45 36 26 38 0.6 Bal
T-20 0.10 100 155 3.0 45 36 22 50 0.6 Bal
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Fig.2 Element screening based on feature engineering: (a) Pearson's correlation coefficient between the elements; (b~d) Pearson's

correlation coefficient between the elements and /%, T, T respectively; (e~g) random forest importance analysis of elements for
f f/('m’ Tv" Ty
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I35 FBOR £ T, T (B AE OB (a) RMSE; (b) R () /%% (d) Ty: () T
Fig.3 Performances of the 5 trained ML models in predicting /¥°, T, T: (a) RMSE; (b) R% (¢) f¥°; (d) Ty; (e) Ti

[ 4 Poly-2 BRI TN A9 44 F &0 £ T, To:(a) BIT2S [ H 21840 Fh & 4 45 5 5 (b) #HE £3°>50% H. Tp>70 °CHEAT i 16 J5
MR G A ah At
Fig.4 Predictions of f%°, T, and T} via the trained Poly-2 model: (a) results for 21840 alloys in the design space; (b) results for alloys
satisfying f¥°>50% and T;>70 °C
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55 GH4175 542 1 170 °CHrffith £& : (a) T1-T10 & 43 ;(b) T11-T20
Fig.5 Tensile curves of the GH4175 alloys at 1 170 °C: (a) T1-T10 alloys; (b) T11-T20 alloys

6 13 N > SR T B S B 2 A < () R TR A S 12 1 o L R T A 5 S (b) 2k A R R S A A
SEAE
Fig.6 Results of the adaptive learning strategy: (a) the predicted high-temperature elongation based on the initial database and the
experimental value; (b) prediction and experimental results for the recommended alloys during iteration
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Fig.7 Prediction of high-temperature elongation via the GPR model: (a, b) average value and variance via the prediction model trained
with the initial database; (c, d) average value and variance via the prediction model trained after 4 iterations
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Fig.8 Distribution of 8, /%° and T}, corresponding to different element contents: (a~c) Al; (d~f) Ti; (g~i) Nb; (j~1) C; (m~o0) Cr;
(p~r) ratio of Al to Ti
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Fig.9 ' phase in the alloy with a nominal composition (sample T15) and those with high elongation (samples T12 and E4):
(a~c) microstructures after homogenization treatment; (d~f) microstructures quenched from 1 170 °C
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Fig.10 Microstructure of the y phase for alloys quenched at 1 170 °C: (a) the alloy with nominal composition (sample T15); (b) the
alloy with high elongation (sample T12); (c) the alloy with high elongation (sample E4)
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