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Evolution of Manufacturing Technology 

• Analog subtractive 

 

• Analog formative 

 

• Digital additive 

 

• Manufacturing technology has evolved over time 

• New technology doesn‘t always replace old one 

• Rather: 
• Improves existing ones 

• Increases tool sets for manufacturing K.-Y. Law 
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Classification Additive Manufacturing 

A. Gebhardt, 3D-Drucken 
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A snapshot at 3D printing technologies 

3D-Printing 

Energy beam 

Laser 

Stereolithography 

Selective sintering Po
w

d
er b

ed
 Selective melting e-beam 

Ink printing 

Direct printing 

Direct ink printing 

Hot melt printing 

Inkjet 

Binder printing 

UV/Polymer ink 
printing K.-Y. Law 
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3D Additive Manufacturing landscape 

• Concept drawing, not in scale 

 

 

 

 

 

 
• Additive manufacturing is the growing trend 

• Ink-jet printing is projected to play a significant role in the future (both 
2D and 3D) 

K.-Y. Law 
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Brief history of 3D printing technologies 

• While 3D printing technology took more than a decade to incubate, it 
took off rapidly at the turn of this century and 3D objects have been 
built from a variety of technologies.  

K.-Y. Law 
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Additive manufacturing process chain 

A. Gebhardt, 3D-Drucken 
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Stereolithography – Creation of CAD-STL file 

K.-Y. Law 

A. Gebhardt, 3D-Drucken 
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Stereolithography – schematic and basic steps 

K.-Y. Law 
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Process for fabricating 3D ceramic part 

CAD file 2D slice Stereolithographic process 

green body with binder 3D ceramic part green body w/o binder 

120 °C / 500 °C 1550 °C 

debinding sintering 

UV-light Mirror 

UV-curable 
solution 

Elevator 

C. Provin, et al. Adv. Mater. 2003, 15, 994-997 
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Multi-materials stereolithography 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Multi-materials stereolithography 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Multi-materials stereolithography: Process planning 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Multi-materials stereolithography: Process 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Multi-materials stereolithography: Process 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Results and issues specific to multi-materials build 

• In addition to cleaning and drying, 
major technical issues associated with 
multi materials build include 
• a) laser light path blocking 
• b) trapped volume 
• c), d) surface tension of dissimilar 

materials 

J.W. Choi, et al. J. Mater. Process. Technol. 2011, 211, 318-328 
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Major limitations of stereolithography 

• process speed low (each layer 25-50µm) 
• only 1material set per vat 
• limited materials choice 
• surface roughness 
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Fused Deposition Modelling (FDM): Stratasys (1992) 
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FDM / FFF (Fused Filament Fabrication)-principle 

source: Goethe – lab, FH-Aachen 
temperature controlled extruder 
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Compounding techniques Twin-screw extruder: Filaments 

Brabender DSE 20 

T up to 420 °C 
3 kg/h – 10 kg/h 

filament drawing unit with 
y-/z-online thickness measurement 
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FFF 3D-printing at INM 

Raise 3D plus 

technique FFF 

available space  30 cm x 30 cm x 60 cm 

number of extruders 2 

heat bed temperature up to 110 °C 

hot end temperature up to 300 °C 



23 www.leibniz-inm.de MC07 Techn Polym & Komp – C. Becker-Willinger – Saarbrücken – WS 2019/2020 

FFF 3D-printing of high performance polymers 

technique FFF 

available space  15 cm x 15 cm x 15 cm 

number of extruders 1 

heat bed temperature up to 180 °C 

hot end temperature up to 520 °C 

suitable for 
• PEEK 
• PVDF 
• PEI 
• PA 
• … 

tribometer directly 
printed from PEEK 
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Orientation effects on mechanical properties of ABS 
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Selective Laser Sintering (SLS) of thermoplastics  
R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 
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Selective Laser Sintering (SLS) of thermoplastics  
R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 
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Selective Laser Sintering (SLS): powder characteristics 
R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 
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Selective Laser Sintering (SLS): temperature distribution 
R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 
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Mechanical properties dependent on position in 
chamber 
R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 
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Mechanical properties dependent on printing direction 

0° 90° 

-16% @ 90° vs 0°  

0° 

90° 

max 

R.D. Goodridge et al., Prog. Mater Sci. 2012, 57, 229 



31 www.leibniz-inm.de MC07 Techn Polym & Komp – C. Becker-Willinger – Saarbrücken – WS 2019/2020 

Commercialised FFF systems 

printers with 2 nozzles: 
• 1 for build material 
• 1 for support material 
(support = water soluble) 
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Applications of FFF-system 
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„Cost“-comparison Injection moulding vs SLS 
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Technology hype of 3D-printing? 
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Nanomer® materials for direct 3D-printing at INM 

organic-inorganic hybrid nanocomposites 

reactive printing: T 

silica backbone 
polymerisable 
groupings 
e.g. -C=C, epoxy, 
… 

nanoparticles 

reactive printing: UV 

polymerisable 
groupings 
e.g. -NCO, epoxy, 
… 

nanoparticles 
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Direct 3D-printer for reactive 2K and UV-systems 

saar.pri 

2 positions for exchangeable printing head 

• FFF 
• 1K UV 
• 2K thermal 
• … 

chamber with controllable climate  
• protective gas: Ar, N2 

• T: 10 °C -70 °C 
• humidity: 10 rel.% - 90 rel.% 
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Results from Nanomer® reactive direct-3D-printing 

parts from room-temperature curable silicone-resin 
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Direct 3D-printing of organic-inorganic hybrid materials 

Joel F. Destino et al., Adv. Mater. Technol. 2018, 3, 1700323, DOI: 10.1002/admt.201700323 
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Summary for (2D) and 3D printing 

• 2D and 3D printing are descriptors for a number of different 
fabrication technologies 

• They are all additive manufacturing technologies, not subtractive or 
formative 

• They are new manufacturing tools for modern society 
• their uses depend their merits in the quality, cost and their delivery 

schedule, not their newness 

• 2D printing has already made tremendous impact on consumable 
electronics 

• 3D printing already paying an important role in healthcare and aviation 
(metals). It will be one of the manufacturing tools in the future. 


