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Abstract: In the digital era, integrated intelligent manufacturing plays a significant role in reflecting the level of national
manufacturing. Motivated by numerous national strategies, including Material Genome Engineering, Integrated
Computational Materials Engineering, digital twins and so on, digital technologies have been developed vigorously to fit the
urgent requirements of lifetime quality management of materials, processes, products, equipment together with their
corresponding components/parts. Digital technologies have been accelerated and developed by the manufacturing industry
through a digital-networked-intelligent transformation routine. In line with the digital thread of the whole processing/supply

chain and the lifetime management in digital twins, this work presents several dominant intelligent manufacturing
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technologies for classical casting and extrusion processes to improve the microstructure and property optimizations, quality

management, smart design, and development of advanced titanium pipes. With respect to intelligent manufacturing

technologies of pipe parts, the data collection, visualization of the utilized shell furnace equipment, castability of the casting

samples and high-throughput standard mechanical specimens are utilized. Moreover, based on our designed templates,

standards, and processing strategies in the smart design/development of titanium pipes, simulation technologies, data

collection in manufacturing, an algorithm together with its model optimizing the microstructures in heat treatments is

proposed. It is understood that the aforementioned intelligent technologies will not only enable the rapid and cost-effective

fabrication and validation of the properties/performances of raw materials but also improve the efficiency of the titanium

pipe manufacturing process and quality control, paving a firm path for the further development of intelligent manufacturing

technologies.

Key words : digital twin; titanium pipe; template model design; automatic data collection; microstructure optimization
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Fig.1 Development prospects of the digital twin: (a) several national strategies for upgrading and transforming the manufacturing
industry, (b) development of information technology, (¢) intelligent requirements of complex equipment!®*!
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Fig.3 High-throughput casting model of standard mechanical specimens and product manufacturing process with digital twin: (a) 3D
and 2D views of the casting blocks, (b) different standard samples, (c) experimental fabrication****!!
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Fig.4 Key technology flow diagram of templated, standardized and processed intelligent design for a three-way pipe!
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Fig.6 Digital twin of the fabrication equipment for three-way pipes together with its automatic data collection and management
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