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Level 7 – Design for Industry 4.0

Design for Additive Manufacture (DfAM)
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About me…

Ilja Asanovic, PhD

2009-2010: CAD engineer (injection moulding)

2010-2016: Project manager (Orthopaedic devices)

2019- Now: Medical project engineer (Surgical devices) 

Professional experience

https://www.linkedin.com/in/ilja-asanovic/

Education

2005-2009

VGTU, FH-AT
2009-2011

VGTU

2016-2021

UoW

Bachelor
Biomechanical 

engineering

Masters
Biomechanical 

engineering

PhD
Applied 

manufacturing

Ilja.asanovic@uwtsd.ac.uk

https://www.linkedin.com/in/ilja-asanovic/
mailto:Ilja.asanovic@uwtsd.ac.uk
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Centre of advanced Batch Manufacture (CBM Wales) 

Services

https://www.cbmwales.co.uk/ UWTSD, IQ Building, Kings Rd, SA18EW 

Vacuum casting Optical 3d scanner Stereolithography 

(SLA)

https://www.cbmwales.co.uk/
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Additive Manufacture (AM) process flow
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3D modelling methods

i. Solid

ii. Surface ii. Hybrid (Solid + Surface)
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STL file

Tessellation

B-REP (Solid) STL

STL file format Emerging AM file formats

Additive 

Manufacture File 

AMF

STL   

2.0
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STL file (Geometry approximation)
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STL file (Geometry approximation)
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STL file (Tessellation “Save As…” example, Fusion 360)
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STL file (Meshing, Rhinoceros 3D)
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STL file. Tessellation errors

1. Three faces 

sharing one edge
2. Multiple faces 

sharing one vertex

3. Hollow “zero 

volume” objects

4. Internal faces 5. Inverted normals
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STL file. Fixing tessellation errors (Rhinoceros 3D)
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STL file. Fixing tessellation errors (Materialise Magics)
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STL file. Fixing tessellation errors (Autodesk MeshMixer)
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STL file slicing

3D STL file 2D sliced data

Z-Axis
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STL file slicing
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STL file slicing
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AM manufacturing processes
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Design Rules for AM – quick overview
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Design Rules for AM. Material Extrusion
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Design Rules for AM. Material Extrusion

Single 

extruder

Dual

extruder
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Design Rules for AM. Multi-head material extrusion
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Design Rules for AM. Supports
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Design Rules for AM. Material Extrusion: Supports
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Design Rules for AM. Material Extrusion: Supports
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Design Rules for AM. Material Extrusion: Supports
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Design Rules for AM. Material Extrusion: Self-supporting
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Design Rules for AM. Material Extrusion
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Design Rules for AM. Interlocking parts
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Design Rules for AM. Material Extrusion: Infill
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Design Rules for AM. Material Extrusion: Part orientation
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Design Rules for AM. Material Extrusion: Part orientation
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Design Rules for AM. Material Extrusion: Part orientation
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Design Rules for AM. Material Extrusion: Part orientation
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Design Rules for AM. Material Extrusion: “Conveyor” FDM
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Design Rules for AM. Material Extrusion: Non-planar FDM
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Design Rules for AM. Material Extrusion

Advantages:

• FDM is the most cost-effective way of producing custom thermoplastic parts and 

prototypes;

• a wide range of thermoplastic materials is available, suitable for both prototyping 

and functional applications.

Disadvantages:

• FDM parts are likely to have visible layer lines, so post processing is required for a 

smooth finish. FDM parts can be finished using various post-processing methods, 

such as sanding and polishing, priming and painting, cold welding, vapour

smoothing, epoxy coating and metal plating;

• the layer adhesion mechanism makes FDM parts inherently anisotropic.
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Design Rules for AM. Material Jetting
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Design Rules for AM. Material Jetting
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Design Rules for AM. Material Jetting: Multi material
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Design Rules for AM. Material Jetting
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Design Rules for AM. Material Jetting

Advantages:

• the Material Jetting AM produces smooth parts with surfaces comparable to 

injection moulding and very high dimensional accuracy;

• parts created with the Material Jetting AM have homogeneous mechanical and 

thermal properties;

• the multi-material capabilities of the Material Jetting AM technology enable the 

creation of accurate visual and haptic prototypes.

Disadvantages:

• parts fabricated via the Material Jetting AM technology are mainly suitable for 

non-functional prototypes, as they have poor mechanical properties (low 

elongation at break);

• Material Jetting materials are photosensitive, and their mechanical properties 

degrade over time;

• high costs of the technology and materials (approximately from $300 to $1000 

per 1kg) may make the Material Jetting AM financially not viable for some 

applications.
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion
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Design Rules for AM. Powder Bed Fusion



50

Design Rules for AM. Powder Bed Fusion

Advantages:

• SLS parts have good isotropic mechanical properties, making them ideal for 

functional parts and prototypes;

• SLS AM process requires no support structures, so designs with complex 

geometries can be easily produced.

Disadvantages:

• SLS parts have a grainy surface finish and internal porosity that may require 

post processing, if a smooth surface is required;

• large flat surfaces and small holes cannot be printed accurately with SLS, as 

they are susceptible to warping.
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Design Rules for AM. Powder Bed Fusion – MultiJetFusion
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Design Rules for AM. Powder Bed Fusion – EBM
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Design Rules for AM. Powder Bed Fusion – EBM
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Design Rules for AM. Powder Bed Fusion – EBM



55

Design Rules for AM. Powder Bed Fusion – DMLS
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Design Rules for AM. Powder Bed Fusion – EBM: Support
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Design Rules for AM. Vat Protopolymerisation
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Design Rules for AM. Vat Protopolymerisation
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Design Rules for AM. Vat Protopolymerisation
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Design Rules for AM. Vat Protopolymerisation
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Design Rules for AM. Vat Protopolymerisation
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Design Rules for AM. Vat Protopolymerisation

Advantages:

• SLA can produce parts with very high dimensional accuracy and with intricate 

details;

• SLA parts have a very smooth surface finish, making them ideal for visual 

prototypes;

• Speciality SLA materials are available, such as clear, flexible, dental and castable 

resins.

Disadvantages:

• SLA parts are generally brittle and not suitable for functional prototypes;

• the mechanical properties and visual appearance of SLA parts will degrade over 

time when the parts are exposed to sunlight;

• support structures are always required, and post-processing is necessary to 

remove the visual marks left on the SLA part.
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Design Rules for AM. Vat Protopolymerisation. Carbon 3D 
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Case study – Spinal stabilisation system
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Case study – Spinal stabilisation system
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Questions?


