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Table 1 Chemical composition of four aluminum alloy samples (@/%)

Sample Zn Mg Cu Fe Si Mn Cr Zr Ti
T4-6 4.53 1.1 0.23 0.17 0.088 0.34 0.18 0.12 0.046
T4-15 4.39 1.38 0.022 0.16 0.067 0.35 0.084 0.071 0.02
T5-10 4.31 1.01 0.15 0.17 0.062 0.37 0.23 0.097 0.05
T5-15 4.23 1.09 0.16 0.17 0.058 0.37 0.22 0.11 0.048

Bl &R RS AE BB
Fig.1 Characteristic images of each sample: (a) T4-6, (b) T4-15, (c) T5-10, and (d) T5-15
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Fig.2 Quantitative characterization process of the second phase in aluminum alloy
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K 4 MIPAR AbBE 45 R 5 N TR 45

Fig.4 MIPAR processing results and manual fine-tuning results: (a) original image, (b) MIPAR processing results, and (c) manual

fine-tuning results
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Fig.6 Schematic of Ferrette diameter
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Fig.7 Comparison of processing results: (a) original image, (b) manually fine-tuning image, (c) U-Net processing result, and (d) MIPAR

processing result
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Table 2 MIloU comparison of MIPAR and U-NET processing

results
Method MIPAR U-Net Manual
MloU/% 42.74 91.12 100
Time/s 0.4016 0.4031 60
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Fig.8 Processing results of 6N01: (a) original image, (b) manually fine-tuning image, (c) U-Net processing result, and (d) MIPAR

processing result
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Table 3 Statistical results of the second phase information

Sample T4-6 T4-15 T5-10 T5-15

Area/mm? 0.216 0.472 0.286 0.602
Area fraction/% 0.425 0.391 0.387 0.539

Number 111249 305123 255955 390119

Number in1 mm?  2191.47 2528.57 3459.43 3487.50
Average area/pm? 1.938 1.546 1.118 1.545

Aspect ratio 1.891 2.069 2.053 1.939

B9 BFFUAE A 3 A1 22 57 10 Rl 40 05 3K

Fig.9 Common division methods used to study the difference of

phase distribution: (a) mosaic image of T4-6 feature
scanning region and (b) corresponding division method, in
which the blue area is the upper surface, the green area is

the middle part, and the red area is the lower surface
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Fig.10 Average area of the second phase in different parts of
T4-6 (A and B are obtained by calculating the average
area of the second phase in two randomly selected fields

of view)
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Fig.11 Visualization results of the number (a) and area (b) of the

second phase in T4-6
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Table 4 Statistical results of second phase characteristic

parameters in different regions of T4-6

2 Average Average
Parameter Average area/um® Number . shortest
aspect ratio .
distance/pm
Upper 1.98 33574 1.89 5.34
Middle 2.17 33207 1.94 5.22
Lower 1.83 42035 1.84 5.10

Kl 12 T4-6 AFIX &5 205 5 58 AR
Fig.12 Average area of the second phase in the partial field of
view and the full field of view in each region of T4-6
(samples A and B are the second phase of the two
randomly selected field of view, sample C is the second

phase of all fields of view in each region)
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Fig.13  Average area line distribution in rolling direction
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Identification and Quantitative Statistical Analysis of Second Phase in Aluminum Alloy
Based on Deep Learning Algorithm

Wan Weihao®?, Sun Dandan?, Li Dongling®®, Zhao Lei®3, Shen Xuejing*®, Wang Haizhou®?, Han Bing?
(1. Central Iron & Steel Research Institute, Beijing 100081, China)
(2. NCS Testing & Technology Co., Ltd, Beijing 100081, China)
(3. Beijing Key Laboratory of Metal Materials Characterization, Beijing 100081, China)

Abstract: The second phase particles in aluminum alloy are produced in the casting process and have a significant effect on the physical
and chemical properties of the material. At present, the commonly used quantitative characterization methods of the second phase have the
problems of too much manual work and time consumption. In this research, a fast extraction and quantitative statistical characterization
method of the second phase in large-scale aluminum alloy based on deep learning was proposed. This method can achieve multi angle
refined quantitative statistics by fast and intelligent extraction of the second phase features in the image. The results show that the image
processing time of this method is the same as that of software batch processing, which is only 0.4 s/sheet, but the image segmentation
accuracy is improved from 42.74% to 91.12%. In terms of data set making, this method uses MIPAR software combined with manual fine
tuning to replace traditional manual marking, greatly saving the manual work time. In order to meet the requirements of fine
characterization, 30000 full field SEM images of 7B05 aluminum alloy, including four types, were segmented and extracted. The new
characterization parameters of the second phase, such as aspect ratio, shortest distance, surface distribution and line distribution, were
calculated. The results of line distribution show that the full field multi angle method used in this research is better than the traditional
statistical results of randomly selected field of view. This method shows that the error of statistical representation is smaller and the feature
information is more comprehensive. The quantitative statistical results show that the average area of the second phase is the smallest at the
nearest upper and lower surface of the cast rolled 7B05-T4 aluminum alloy section with a thickness of 6 mm, and there is a trough value
near the thickness of 3 mm. The section are divided into three areas, and the average area of the second phase is 1.98, 2.17 and 1.83 pum?,
the average aspect ratio is 1.89, 1.94 and 1.84, and the number of the second phase is 33 574, 33 207 and 42 035. The above results show
that the rapid extraction and quantitative statistical characterization method of the second phase in aluminum alloy based on deep learning
can carry out multi angle data analysis and mining, and provide the basis for the study of microstructure and properties.

Key words: 7B05 aluminum alloy; the second phase; deep learning; U-Net; full field of view quantitative statistics
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