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AM methods 
• Material extrusion aka Fused Deposition 

Modeling (FDM): create layers by 
mechanically extruding molten thermoplastic 
material (e.g., ABS or PLA, and processing 
ceramic and metal pastes) onto a substrate. 

Price: ~$1000 



AM methods 
• Powder bed fusion (Direct metal laser 

sintering, selective laser melting and electron 
beam melting): use an energy beam (e.g. laser 
or electron beam) to selectively melt a 
powder bed.  

 

Price: ~$1,000,000 



AM methods 
• Vat photopolymerization aka 

stereolithography method (SLA): ultraviolet 
laser was used to selectively polymerize the 
UV curable resins to create a layer of solidified 
material, limited to photopolymers 

 

Price: ~$1000 



AM methods 
• Direct energy deposition: metallic powder or 

wire is fed directly into the focal point of an 
energy beam to create a molten pool 

Price: $? 



Classification of AM 

 

Classification of additive manufacturing processes by ASTM International (2013) 



Barriers and challenges 
• Personal fabrication vs. mass manufacturing 

– Suitable products for AM: Customized, low-
volume, complex, e.g., aerospace/high-end 
automotive components, bio-medical products, 
jewelry, home accessories. 

 



Barriers and challenges 
• Building scalability vs. layer resolution 

– Layer resolution for commercially-available AM 
systems: ~0.1mm (Makerbot Replicator 2) to 
25mm 

– Full spectrum of build sizes in research 

 

 Lee and Kim (2014) 
 
Building 
nanoscaffolds, 
nanofilters, 
nanorobots, and 
nanoelectrodes with 
electrospun polymer 
nanofibers 



Barriers and challenges 
• Building scalability vs. layer resolution 

– Layer resolution for commercially-available AM 
systems: ~0.1mm (Makerbot Replicator 2) to 
25mm 

– Full spectrum of build sizes in research 

 

 

Daicho et al. (2013) 
3D carbon 
microstructures 

Khoshnevis et al. 
(2006) Mega-scale 
fabrication 



Barriers and challenges 

• Material heterogeneity and structural reliability 

– Limited AM materials 

– Anisotropic mechanical properties 



Barriers and challenges 

• Material heterogeneity and structural reliability 

– Functionally-graded materials have uncertain behavior 
at the material interfaces 



Barriers and challenges 
• Use of support material 

(a) Build-direction. (b) Subtended angle. (c) Support length. (d) Support volume. 

Mirzendehdel et al. 
(2016) 
 
Effect of support 
constraint on 
optimized design 



Barriers and challenges 

• Removal of support material 
Before etching After etching 

Lefky et al. (2016) Dissolvable metal supports for printed metal parts  
(from Dr. Owen Hildreth’s group) 



Burr Puzzles and ancient wood joinery 
• Burr Puzzle: interlocking puzzle consisting of 

notched sticks, combined to make one three-
dimensional, usually symmetrical unit. 



Burr Puzzles and ancient wood joints 
Commonly used in architectures in Asian countries 

 



Burr Puzzles and ancient wood joinery 



3D printing Burr Puzzles 
 

Song et al. (2015) Printing 3D 
Objects with Interlocking Parts 


