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High-Throughput Calculation and Design of Special Steel

WANG Chenchong, WEI Xiaolu, SHEN Chunguang, XU Wei
(State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

Abstract: The demand for special steel in the high-end manufacturing industry poses a great challenge to the development
and upgrading of special steel. The trial-and-error method can avoid the limitation of unknown physical mechanism on some
problems, but it also takes a large amount of both time and cost of designing. So the development mode of special steel needs
to gradually transform from traditional trial-and-error method to high flux integrated computing design. Since the advent of the
materials genome initiative (MGI) , many countries in the world have been carrying out high-throughput calculation and de-
sign of special steel to shorten the research and development cycle of new steels. However, the complicated composition,
long chain of process, multi-phase structure and various properties make it difficult to apply MGI on traditional special steels.
Based on the above characteristics, it also provided new challenges for the development of MGI. The progress in research and
development of special steels based on MGl was reviewed. The development status and prospect of MGI for special steel
materials were discussed. Olson’s team in Northwestern University and Questek company designed the ultra-high strength
stainless steel for aircraft landing gear using multi-scale integrated computing platform. TU Delft university designed the heat-
resistant steel based on combining “genome” concept with genetic algorithm of high throughput design. India CSIR national
metallurgical laboratory designed the pipeline steel by a variety of constitutive models and artificial neural network algorithms.
High-throughput calculation and design can not only facilitate the updating of special steel, but also provide supports for the
rapid development of metal materials in China and even worldwide.
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Fig. 1 Three key factors based on “material genome initiative” concept!!!
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Fig. 2 Structure diagram of multi-scale simulation platform"®!
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Table 1  Properties comparison of novel aircraft landing gear
steels!!!14]
Yield Tensile Fracture Stress corrosion
Steel strength strength toughness resistance
/MPa /MPa  /(MPa - m"?) /(MPa - m"?)
S53 1551 1986 65 18~40
M54 1731 2020 115 100
300M 1669 1979 50 15
AerMet100 1724 1965 115 20
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