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Fig. 1. Schematic diagram of Al-Si-Mg alloys design.
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Fig. 2. Schematic diagram of bidirectional prediction of Al-Si-Mg alloy composition-process-property.
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Fig. 3. Schematic diagram of chain equation multiple imputation.
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Fig. 5. Random forest algorithm generalization ability test results: (a) The prediction accuracy of the random forest model training

set; (b) the prediction accuracy of the random forest model test set; (¢) the prediction accuracy of the linear regression model train-

ing set; (d) the prediction accuracy of the linear regression model test set.

#1 HaSREMTZE
Table 1.  Composition and process of new alloys.
Al Si Mg Ti Be Sr tei(l)[l:it;s;lre Soi‘lidntllt;m temiig%ure ATgl;rlr?f
1# Bal. 7.3 0.576 0.142 0.003 0.030 535 12 155 8
24 Bal. 7.3 0.576 0.142 0.003 0.030 545 14 165 5
3# Bal. 7.3 0.576 0.142 0.003 0.030 545 14 170 7
44 Bal. 7.0 0.560 0.140 0 0.040 540 10 170 12
54 Bal. 7.0 0.560 0.140 0 0.045 540 10 170 12
64 Bal. 7.0 0.560 0.140 0 0.050 540 10 170 12
T# Bal. 6.8 0.600 0.120 0 0.450 535 9 165 9
8+ Bal. 6.8 0.600 0.140 0 0.050 540 10 170 10
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Fig. 6. Experimental results of the composition and process

of the new alloy.
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Table 2.  Experimental results and error comparison..

H ’ﬁ‘ﬁ/MPa i«%?ﬁ/lﬁpa Error/% Qb
1# 345 327.46 -5.20 456.958
24 345 329.42 —-4.50 493.962
34 345 328.15 -4.88 462.264
44 345 321.19 -6.90 416.588
54 345 330.74 -4.10 438.366
6% 345 331.53 -3.90 476.512
T# 345 340.55 -1.29 505.493
84 345 349.47 +1.16  517.300

5 i #®
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Fig. 7. Performance prediction results: (a) The effect of the content of modifier K,ZrFg on the properties of the alloy; (b) the effect
of the modification temperature on the properties of the alloy; (c) the effect of the mold temperature on the properties of the alloy;

(d) the effect of the pouring temperature on the properties of the alloy.
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Fig. 8. Prediction Results of alloy properties based on controlled variable method: (a) Effect of solution process on alloy properties;

(b) effect of aging process on alloy properties.
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Fig. 9. Quantitative comparison of alloy properties.
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Fig. 11. Feature importance.
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Abstract

On the basis of a large number of experimental data, it is a challenge to establish a data-driven non-linear
law between mixing characteristics and mechanical properties for the proportioning and process design of new
alloy compositions. This paper proposes a performance-oriented “composition-process-property” design strategy
for Al-Si-Mg alloys based on a machine learning approach, aiming to adopt multimodal experimental data on
the composition, melting and heat treatment processes of divergent grades of the same system as features, and a
random forest algorithm is used to find the non-linear pattern between the features and the tensile strength.
Afterward, this paper sets the composition and process parameters of some of the alloys in the dataset as the
target null values and uses the chain equation multiple interpolation algorithms to predict the interpolation of
the target missing data. The errors of both experimental and predicted values of tensile strength of the alloys
predicted or guided by this strategy are kept within +£5%; The composition ratio of Al-6.8Si-0.6Mg-0.05Sr and
the heat treatment scheme of 540 Cx10 h+170 °Cx10 h are experimentally confirmed to have a quality index
@pjr of 517.3 for comprehensive tensile properties, which is higher than that of similar alloys below a Qpjr
value of 500. The result indicates that this strategy helps to enhance the long cycle time, high cost, and low
efficiency of the traditional design method for Al-Si-Mg system alloys.

Keywords: Al-Si-Mg alloys, random forests, multiple interpolations, performance prediction
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