
“Our expertise in materials science, advanced fibers, and composites 
is leading to innovative technology that can then be transferred to 
industry partners to increase US competitiveness in manufacturing.”

  Merlin Theodore, Advanced Fibers Manufacturing Group Leader 

Advanced
Manufacturing

CONTROLLING  
microstructure  
in metal parts

CUTTING  
carbon fiber costs

ADDITIVE 
MANUFACTURING  
large-scale objects: 
cars, houses, 
molds for tooling

CREATING  
recycling and recovery 
processes for materials

QUALIFYING  
additively  
manufactured  
components 

Oak Ridge National Laboratory (ORNL) draws upon unmatched capabilities in materials, neutrons, 
and computational science to develop innovative manufacturing technologies, helping large and small 

companies find solutions that drive US economic competitiveness and energy productivity. Researchers focus on next-generation materials, 
simulations, data analytics, and artificial intelligence to create new advanced manufacturing systems and processes.

Using ORNL’s world-class resources for scientific discovery, researchers develop the next generation 
of materials designed for additive manufacturing and composites for enhanced performance in 
tomorrow’s energy systems; simulate manufacturing processes to better understand the technology; 
use data analytics and artificial intelligence to create new born-qualified components; and develop the 
next generation of manufacturing systems.

Research and Development
Energy efficient manufacturing—Additive and high-rate processing of advanced composites 
and fibers and multiphase materials focusing on metallic materials and polymers, scaling up of 
chemical processes to enable clean energy including renewable fuel production from bioenergy 
resources and net-zero carbon emissions from power generation, and developing analytical tools 
for energy use in traditional and advanced manufacturing processes 

Precision manufacturing and machining—Design, implementation, and scale-up of next-
generation manufacturing systems through the integration of robotics, automation, controls, 
and machine tools including novel large-scale metal wire arc and laser systems with multiaxis 
controls and powder systems with the ability to manufacture crack-free highly nonweldable 
alloys and demonstrate microstructure control 

Secure and digital manufacturing—Develop a digital manufacturing platform and a cyber-
secure manufacturing ecosystem by integrating a wide variety of manufacturing systems enabled 
by advanced data analytics, process control, and secure communications; integrate capabilities in 
communication, computing, storage, and user interface for advanced manufacturing process analysis, 
modeling, and control to ensure an energy efficient and secure manufacturing ecosystem

Material recycling and recovery—Converting plastic, fiber, and resin waste into reusable material; 
collaboration with industry and creating new technologies

Metrology and characterization—Comprehensive powder-to-part characterization including both 
in situ process evaluation and postprocess capabilities for manufacturing born-qualified components 
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Recent Impacts
Powder bed advancement—Fabricated industrial gas turbine airfoil without surface cracks 
with electron beam powder bed additive manufacturing; developed data framework containing 
both modeling and real-time data acquisition to recognize variations and defects in a broad range 
of powder bed additive manufacturing technologies

Machining integration—Developed a hybrid machine and 3D-printed a mold for a 
machine tool’s base with the concrete-filled polymer mold offering a superior alternative to 
traditional metal castings

New materials—Deposited additively manufactured steel tooling to make fiber-reinforced  
polymer composites; deposited aluminum–cerium additively manufactured alloys with  
higher performance than conventionally manufactured, aerospace-grade aluminum alloys

Large-scale applications—Developed a commercially available large-scale thermoset additive 
manufacturing system and commercially available thermoset materials; demonstrated the ability 
to manufacture large additively manufactured metallic structures with multiple materials and 
out-of-plane deposition for complex components; designed and fabricated an infrastructure-scale 
concrete deposition system for energy generation applications

Industry collaborations—Developed tooling, molds, and materials and transferred 
technology to industry for the mass production of face masks, test tubes, shields, and N95 
material in the fight against COVID-19
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Unique Facilities

The Manufacturing Demonstration Facility (MDF) houses integrated capabilities that drive the 
development of new materials, software, and systems for various advanced manufacturing 
technologies. The MDF leverages a range of equipment and expertise designed to deliver 
results that generate energy efficiency improvements in the manufacturing 
sector, efficiently use domestic energy resources, and support the secure 
production of clean energy products. 

The Carbon Fiber Technology Facility (CFTF) provides a platform 
for evaluating new processing technologies and identifying 
high-potential, low-cost raw materials including textile, lignin, 
polymer, and hydrocarbon-based precursors. With the CFTF 
capabilities, ORNL is developing low-cost carbon fiber materials 
with desired structural properties and co-optimizing feedstocks 
and processing conditions. The CFTF is also exploring 
revolutionary ways to produce low-cost silicon carbide fiber, 
which is key for many high-temperature applications that 
ultimately increase energy efficiency.
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