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Introduction

• Powder-based metal additive 
manufacturing technologies have 
made a very large impact on the 
design of aerospace-grade parts 
in recent years. 

• Most of this has been based on 
Powder Bed Fusion (PBF) – 
SLM/DMLS, EBM, SLS
• Design freedom

• Lightweighting

• On-demand spare parts

• Re-manufacturing
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Introduction
• However, there are still major challenges

• Issues processing soft non-ferrous metals (copper, aluminum, 
precious metals)

• Processing cost
• Residual stresses 
• Equipment cost and complexity
• Very high scrap rate

• A hybrid of classic powder injection molding and additive 
manufacturing could be a promising future answer
• Powder material extrusion – based on FFF process but using 

feedstock with 60-90% powder with a thermoplastic binder
• Metal, ceramic, and cermet powder can be used
• Significant energy use reduction, even with debinding and sintering

3



Powder Material Extrusion
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Powder Material Extrusion
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Powder Material Extrusion
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Lotfizarei, Mostafapour, Barari, Jalili, Patterson (2023). Overview of debinding methods for parts manufactured using power material extrusion. Additive 

Manufacturing, 61: 103335. 



Green Parts
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Post-Processing
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Manufacturing Considerations
• Process is a mix of powder injection 

molding and additive manufacturing

• Post-processing is required but 
removes the need for tooling

• Parts are 93-95% dense after sintering, 
can be up to 99%+ with HIPS 
processing

• Even with post-processing, the energy 
consumption is significantly less than 
what is seen with PBF processes

• Almost unlimited material freedom, as 
long as it can be made into a stable 
powder
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Manufacturability Constraints
• Standard FFF constraints + powder

• Combinatorial printing parameters
• Scanning-type AM process
• Anisotropic within the layers
• Powder/binder interactions, uniform distibution

• Post-processing constraints
• Thermoplastic binder = thermal debinding
• Sintering, warpage, shrinkage

• Aerospace-specific constraints
• Light weight
• Stable at different temperatures and pressures
• High stress and fatigue resistance
• Military applications: Entire supply chain in the US
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Manufacturability Constraints
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Manufacturability Constraints
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Manufacturability Constraints
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Patterson et al. (2021). Identification and mapping of manufacturability constraints for extrusion-based additive manufacturing. Journal of Manufacturing and Materials 
Processing, 5(2): 33. 



Manufacturability Constraints
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Manufacturability Constraints
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Manufacturability Constraints
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Manufacturability Constraints
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Manufacturability Constraints
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Next Steps
• Formalize a hybrid constraint set for green parts, which consider 

the needs of debinding and sintering

• Include powder interactions

• Validate theory that binder choice determines print parameters

• Establish % boundary of powder that can be sintered/HIPed into 
a fully metal part versus particulate composite

• Checklist and full design process

• Design automation

• Explore other materials, particularly cermets

• Explore other thermoplastic binders

• Complete energy use analysis on this process relative to LPBF 
and other common processes

19



References
• Gardan, J., Makke, A., Recho, N. (2016). A method to improve the fracture toughness using 3D printing by extrusion deposition. 

Procedia Structural Integrity, 2: 144-151. 

• Gregoire, D., Maigre, H., Combescure, A. (2009). New experimental and numerical techniques to study the arrest and restart of a 

crack path under impact in transparent materials. International Journal of Solids and Structures, 46(18-19): 3480-3491. 

• Hameed, A., Zubair, O., Shams, T.A., Mehmood, Z., Javed, A., Mehmood, Z. (2020). Failure analysis of a broken support strut of 

an aircraft landing gear. Engineering Failure Analysis, 117: 104847. 

• Mohamed, O.A., Masood, S.H., Bhowmik, J.L. (2016). Mathematical modeling and FDM process parameters optimization using 

response surface methodology based on Q-optimal design. Applied Mathematical Modelling, 40(23-24): 10052-10073. 

• Patterson, A.E., Rocha Pereira, T., Allison, J.T., Messimer, S.L. (2021a). IZOD impact properties of full-density fused deposition 

modeling polymer materials with respect to raster angle and print orientation. Proceedings of the Institution of Mechanical 

Engineers, Part C: Journal of Mechanical Engineering Science, 235(10): 1891-1908. 

• Patterson, A.E., Chadha, C., Jasiuk, I.M. (2021). Identification and mapping of manufacturability constraints for extrusion-based 

additive manufacturing. Journal of Manufacturing and Materials Processing, 5(2): 33. 

• Patterson, A.E., Chadha, C., Jasiuk, I.M. (2022). Manufacturing process-driven structured materials (MPDSMs): design and 

fabrication for extrusion-based additive manufacturing. Rapid Prototyping Journal, 28(4): 716-731. 

• Patterson, A.E. (2021). Meso-scale FDM material layout strategies under manufacturability constraints and fracture conditions. 

Doctoral dissertation, University of Illinois at Urbana-Champaign. 

• Lotfizarei, Z. et al. (2023). Overview of debinding methods for parts manufactured using power metal extrusion. Additive 
Manufacturing, 61: 103335. 

20



21
View publication stats

https://www.researchgate.net/publication/381735268

	Slide 1: Manufacturability considerations for copper/copper alloy aerospace parts using metal powder material extrusion
	Slide 2: Introduction
	Slide 3: Introduction
	Slide 4: Powder Material Extrusion
	Slide 5: Powder Material Extrusion
	Slide 6: Powder Material Extrusion
	Slide 7: Green Parts
	Slide 8: Post-Processing
	Slide 9: Manufacturing Considerations
	Slide 10: Manufacturability Constraints
	Slide 11: Manufacturability Constraints
	Slide 12: Manufacturability Constraints
	Slide 13: Manufacturability Constraints
	Slide 14: Manufacturability Constraints
	Slide 15: Manufacturability Constraints
	Slide 16: Manufacturability Constraints
	Slide 17: Manufacturability Constraints
	Slide 18: Manufacturability Constraints
	Slide 19: Next Steps
	Slide 20: References
	Slide 21

