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Additive Manufacturing of Aerospace Heat Exchanger

• Crack-free HAYNES® 282®, a superalloy developed for high 
temperature structural applications, was fabricated using 
the Renishaw AM400 machine with optimized parameters. 
The reduction of porosity in as-printed alloys is related to 
laser parameters, including laser speed, hatch distance, and 
other factors.

• The typical structure of L-PBF-fabricated HAYNES® 282® 

consists of columnar structures, equiaxed grains, and 
ultrafine grains. Processing parameters play a crucial role in 
the precipitation of the strengthening phase, with spherical 
and cubic strengthening phases observed in alloys printed 
using chessboard and meander patterns, respectively.

• L-PBF-fabricated HAYNES® 282® exhibited excellent 
mechanical properties in both as-printed and heat-treated 
states, with high yield strength and ultimate tensile strength 
(UTS).

• The Autonomy Research Center for STEAHM (ARCS), in 
partnership with NASA JPL, academia and private industry 
partners, will create a Consortium for High-Volume Additive 
Manufacturing of Aerospace Heat Exchanger and Talent 
Development. 

• The project will leverage ARCS’s unique student talent and 
its access to JPL personnel and facilities, plus its strong 
partners, to conduct convergence.

• Develop robust superalloys by nanoparticles self-
dispersion to improve the performance of heat exchanger

• Identify best practices of the generative design for additive 
manufacturing (AM)

• Cut the sample, observe it with micro CT, detect the 
roughness after corrosion precipitation, and finally 
summarize it through Transmission Electron Microscopy 
(TEM) for fusion in Laser Powder Bed Fusion (LPBF) 
additive manufacturing

• Cracks-free HAYNES® 282® was successfully fabricated with 
chess board printing patterns, and combination of optimized 
hatch distance and VED was selected to achieve low porosity 
and smooth surface in as-printed HAYNES® 282®.

• Sub-grain was observed in as-printed HAYNES® with fine γ′ 
phase, equiaxed and elongated grain were observed in X-Y 
and Y-Z planes of heat-treated specimen, respectively. The 2-
step aging heat treatment contributes to finer γ′ phase and 
precipitation of carbides along grain boundaries.

• In as-printed status, specimen has higher yield stress (YS) 
and ultimate tensile stress (UTS) in the X-Y plane, while 
higher engineering strain of 43.8% was observed in Y-Z plane. 
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Synopsis

• Application: High-performance materials
• Key Values: Improved mechanical properties, reduced 

porosity and crack-free components
• Potential Customer: Aerospace industry

Autonomy for Manufacturing 
and Construction
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