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VKnown as FDM - Fused Deposition Modelling (Stratasys)

V3D Plotter & BioScaffolder

V Several types of low cost printers

VPolymers

VComposites

VCeramic and metal slurries 

Extrusion based Additive Manufacturing
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Extrusion based Additive Manufacturing

Towards 3D Printing of composites

and new materials?

ñNasaôs next Rover 

has 3D-printed partsò

Resin infusion

Spray-up

Filament winding



To understand the process it may be useful to study a traditional 

screw-fed extrusion process

ü Viscosity h= t/g

ü Share rate (speed) = g

ü Shear stress = t

Processing methodology



Processing methodology

Shear stress

t=DR.D / 4L

üt shear stress in N/mm²

üDRpressure drop in N/mm²

üD     diameter of tube in mm

üL      length of tube in mm

Shear rate (speed)

g=32Q / pD³

üg average shear rate in s-1

üQ      output in mm³ s-1

üD      diameter of the tube in mm



üAnisotropy between «layersand filaments»

üIntermediate mechanical properties

üLimited dimensional accuracy (stair-step effect)

üAvailable materials

üPoor interlayer bonding

üWarpage and thermal stresses

üSolidification process and shrinckage

Processing limitations



Processing limitations



Extrusion based Additive Manufacturing

Ongoing research

ĄNew printing heads and build strategies 

for extrusion based AM technologies

üTechnical applications

üMedical applications

üComposite applications

ĄMaterials

üNew compounds and fillers

üImproving the mechanical properties of AM composite materials 

(bonding matrix and particles/fibres)

üDimensional accuracy (shrinkage)

üUse ñanisotropy as an advantageò



Composite materials for AM

Particle filled polymers for

enhanced stiffness, wear

resistance, thermal and

electric properties.

[1]: Nikzad, M., S. H. Masood, and I. Sbarski, 2011, Thermo-mechanical properties of a highly

filled polymeric composites for Fused Deposition Modeling, Materials & Design, v. 32, p. 3448-

3456

[2]: Ozkoc, G., G. Bayram, and E. Bayramli, 2005, Short glass fiber reinforced ABS and

ABS/PA6 composites: Processing and characterization: Polymer Composites, v. 26, p. 745-755

[3]: Markforg3D, Mark One, carbon fibre sample

Short fibre filled

polymers for higher

stiffness and wear

resistance.

Continuous fibre

composite for higher

stiffness, tensile and

impact strength.



Extrusion based Additive Manufacturing

High-end short fibre filled materials

Arevo labs

Ą PEEK, PAEK, PPSU + short carbon - glass fiber fibre - CNT

(ArevoLabs, 2016)



Extrusion based Additive Manufacturing

Short fibre thermoset 3D Printing

V Extrusion of short fibres containing epoxy 

V Syringe based, high accuracy

V UV-curing after deposition

V Printing of open structures

(Harvard, 2014)



Extrusion based Additive Manufacturing

Discontinuous fibre filled materials

ORNL labs (Oak Ridge National Laboratory, 

Cincinnati Incorporated)

Ą3D Printing of large volume parts with   

discontinuous carbon fibre filled ABS

ĄCarbon particles of 6-7 µm diameter 

ĄThe parts have an improved stiffness of

5/6 times compared with unfilled polymers.

(Strati, ORNL, 2014)

M., R., Talagani, et al., 2016, Numerical

Simulation of Big Area Additive 

Manufacturing (3D Printing) of a Full Size

Car , SAMPE 51 No.4


