Level 7 — Design for Industry 4.0
Design for Additive Manufacture (DfAM)
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About me... M/\II

Professional experience

) 2009-2010: CAD engineer (injection moulding)

) 2010-2016: Project manager (Orthopaedic devices)

) 2019- Now: Medical project engineer (Surgical devices)

llja Asahovic, PhD

Education
Bachelor Masters PhD
Biomechanical Biomechanical Applied
engineering engineering manufacturing
2005-2009 2009-2011 2016-2021
VGTU, FH-AT VGTU UoWw

llja.asanovic@uwtsd.ac.uk m https://www.linkedin.com/in/ilja-asanovic/



https://www.linkedin.com/in/ilja-asanovic/
mailto:Ilja.asanovic@uwtsd.ac.uk

Products/Projects

Main expertise

« Computer-Aided Design « 3D scanning/post-processing
 Algorithms-Aided Design « Reverse Engineering
* Object-Oriented programming « Additive Manufacture


https://cordis.europa.eu/project/id/228893

Centre of advanced Batch Manufacture (CBM Wales) M/\II

https://www.cbmwales.co.uk/ £} UWTSD, 1Q Building, Kings Rd, SA18EW

Services

.
New Product Developmg Bespoke Medical Device_; 3D Printing & Scanning 9 Prototype and Producti$

More Information More Information More Information More Information

ARCAMQ10 Vacuum casting Optical 3d scanner Stereolithography
(SLA)



https://www.cbmwales.co.uk/

Design for Additive manufacture

How many manufacture
techniques do we know?
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Additive Manufacture (AM) process flow M/\II
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Design for Additive Manufacture (DfAM) M/\D[

1. Design }

« Computer-Aided Design (CAD) technigues

y

2.AM |

* Overview of AM technologies

 3.DfAM

« CAD rules for AM technologies + CAD data processing




Before we start... What is 3D modelling?

30 Representation
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3D modelling methods




Solid modelling: Constructive Solid Geometry (CSG) I\/I/\DZ
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Solid modelling: Constructive Solid Geometry (CSG) [\/l/\]]:
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Solid modelling: Constructive Solid Geometry (CSG)

NN
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Solid modelling: SCG (Rhinoceros 3D example)
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Solid modelling: Boundary Representation (B-Rep)
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Solid modelling: B-Rep (Rhinoceros 3D Example)
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Solid modelling: Parametric B-Rep I\/l/\]]:
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Solid modelling: Parametric design (Fusion 360) I\/I/\DZ
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Solid modelling: Parametric B-Rep (Press-Pull example)

F Autodesk Fusion 360 (Education License)
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Solid modelling: Voxel-based/Volumetric
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Solid modelling: Voxel-based/Volumetric




Voxel-based/Volumetric modelling (Freeform example) I\/I/\DZ
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Voxel-based/Volumetric modelling (nTopology)
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Voxel-based/Volumetric modelling (nTopology)

Step 1: Impart Pressure Field Map

Step 4: Create uniform lattices using shoe model

Uniform Tet
Unitfiarm Vionanai

Step 5: Create latlices using préssure map
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40

-
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Voxel-based/Volumetric modelling (nTopology)
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Voxel-based/Volumetric modelling (nTopology)

26



Voxel-based/Volumetric modelling (nTopology)
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Solid modelling: Voxel-based/Volumetric (Mimics)
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Solid modelling: Voxel-based/Volumetric (Segmentation) M/\D[
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Solid modelling: Voxel-based/Volumetric (Segmentation) W\II

2 LayerWise
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Solid modelling: Voxel-based/Volumetric (Segmentation) I\/I/\DZ

Surgical guides:

Nylon-12
3D printing

Implant:
3D printing
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Solid modelling: Voxel-based/Volumetric (Segmentation) W\II
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Solid modelling: Voxel-based/Volumetric (Segmentation) [\/I/\II

33



Surface modelling:
Non-Uniform Rational Basis Spline (NURBS)

Control point

Isocurve

Edge
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Surface modelling. NURBS (Rhinoceros 3D example) I\/I/\DZ
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Surface modelling:
Non-Uniform Rational Basis Spline (NURBS)




Surface modelling:
Non-Uniform Rational Basis Spline (NURBS) M/\II
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Surface modelling:
Non-Uniform Rational Basis Spline (NURBS) I\/I/\II

2D UV map °

-) Flatten
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Surface modelling:
Non-Uniform Rational Basis Spline (NURBS)




Surface modelling:
Non-Uniform Rational Basis Spline (NURBS) W
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Surface modelling:
Non-Uniform Rational Basis Spline (NURBS)




Surface modelling: 3D scan data (Digital twins)
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Surface modelling: 3D scan data (meshes)

mEXR cece




Surface modelling: 3D scan data (Digital twins)
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Surface modelling: 3D scan data (Mobile scanning) W\II

https://www.standardcyborg.com/
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Surface modelling: 3D scan data (Digital twins)

https://monogool.com/
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https://monoqool.com/

Surface modelling: 3D scan data
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http://www.summitid.com/#/fairings-1/
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http://www.summitid.com/#/fairings-1/

Surface modelling: 3D scan data

https://andiamo.io/
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https://andiamo.io/

Surface modelling: 3D scan data
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Surface modelling: 3D scan data

i 4
B
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Surface modelling: 3D scan data

CAD
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Surface modelling: 3D scan data

NN
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Reverse engineering
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Surface modelling: 3D scan data
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Surface modelling: Polygons (meshes) I\/I/\DZ




Surface modelling: Polygons (meshes)

Loop subdivision scheme
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Catmull-Clark subdivision scheme

56



Surface modelling: Polygons (meshes)
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: Polygons (meshes)

Surface modelling

on

ti

Tessella

Mesh surface

NURBS surface
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Surface modelling: Polygons (meshes) I\/I/\II

Planar
Facet

Conical

"i———- Cylindrical

Facet

Facet

Toroidal Facet

Faces and Facets
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Surface modelling. Subdivision (SubD)




\/ADN

Surface modelling. Subdivision (SubD)
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Surface modelling. Subdivision (SubD)
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Surface modelling. Subdivision (SubD)
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Surface modelling: 3D sculpting




Surface modelling: 3D sculpting

& Autodesk Meshmixer - sphere.obj
File Actions View Help Feedback




Algorithms-Aided design (Rhino3D+Grasshopper+Python) [\/l/\]]:
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Algorithms-Aided design (Rhino3D+Grasshopper+Python) [\/l/\]]:
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Algorithms-Aided design (Rhino3D+Grasshopper+Python) I\/I/\DZ
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Useful links M/\II

www.rhino3d.com — CAD sw (NURBS)
www.autodesk.com — CAD sw (Fusion 360)
www.meshmixer.com — CAD sw (3D sculpting)
www.ntopology.com — CAD sw (volumetric)
www.artec3D.com — 3D scanning sw (Artec Studio)
www.3Dsystems.com — CAD, 3D scan processing
www.standardcyborg.com — iPhone X 3D scanning
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http://www.rhino3d.com/
http://www.autodesk.com/
http://www.meshmixer.com/
http://www.ntopology.com/
http://www.artec3d.com/
http://www.3dsystems.com/
http://www.standardcyborg.com/

Questions?
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