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New Design Rules
Form freedom

… Also induced constraints
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New Design Rules

Cracks 

formation
Good design

Molded parts design rules

Formation 

de retassure

Préférer les nervures 

plutôt que des parois 

épaisses

Good design
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Design Process
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Design Process
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New Design Rules

Other design rules examples
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Design Process
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New Design Rules
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Optimized Forms

Think Out of the box…

Psychological inertia :

• “we have always done like that”

• “we are not allowed to to that”

• “I usually do like that” 

• “in this company we do it that way” …
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Optimized Forms

But they also have there cognitive 

limits …

Solution 1: rely on experts knowledge

Machined, Aluminium 7075, 52g

EBM, TA6V, 49g
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Optimized Forms

Solution 2: Topological optimisation

Machined, Aluminium 7075, 52g
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Optimized Forms

• Need a rebuild phase, verification, 

parametric optimisation …

• May be manufactured as is, but difficult to 

be accepted by people (psychological

inertia again…)

EBM, TA6V, 29g !

Solution 2: Topological optimisation
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Optimized Forms

Optimisation

• General principles
• To minimise a function (mass, cost, …) = objective fonction

• Problem variables (and limit values). Dimensions for example

• Constraintes = limitations of certain fonctions or its
variables(svm < 200 MPa, Tmax < 50°C…) 

• Mechanical example
• Minimise mass = f(b,h) = r.L.b.h

• 2 variables b [10 - 30mm] et h [15 - 25mm]

• dmax = 1 mm = g(b,h)

b

h

L
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Optimized Forms

Parametric Optimisation vs. Topological Optimisation
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Optimized Forms
Topological Optimisation

• Variable -> material density  𝜌 in each 

element of a FEM mesh

• Objective function -> 

– Mininimise mass -> ∫v 𝜌. dV

– Minimise compliance = energy -> ∫v 𝜎.𝜖 dV

– Compliance is expressed as a function of density 

: for example -> E=E0 + 𝜌n E1
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Example of a formulation of a topological 

optimisation problem

• Minimise compliance ∫v 𝜎.𝜖(𝜌) dV

• With 𝜌 ∈ [0,1] for each element except BC 

where 𝜌=1

– ∫v 𝜌. dV

– ▽𝜎 + F = 0

– 𝜎 = C.𝜀

– Plus design constraints 
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Optimized Forms

• Principle : example with 2 elements

Find minimum compliance
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Design Process
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Design Process
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Design Process
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Design Process
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Design Process



28 Moscow – Vladimir Workshop, 14-19 November 2016

Optimized Forms
Manufacturing

• Can we print directly an SO result?

– Yes… but not relevant most of the time

• Simplification and cleaning is often necessary…

• …And some verification/modification as well.

– Will the final shape acceptable by the client?

– Shall we be able to remove the supports?

– Shal we be able to remove all the unused powder?

– Will there be some weak points?
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Optimized Forms

Design example

Mechanical problem

Free design space

Topology optimisation

Controlled design 

space

Smoothing

Reconstruction 3D

Topology optimisation + 

smoothing

Reconstruction 3D

Non through-hole areas

Rugged shape

Too thin areas

Powder recovery

Smooth surfaces

Manufacturable thicknesses

Aesthetics

Minimum thickness

Shape allocation

Powder recovery

Mechanical behaviour

Fillets

Machining

Aesthetics
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4 criteria to select AM candidates (Klahn et al. 2014)

Example (Emmelmann et al. 2012)

1- « Integrated design » 

Identify groups of parts that can be combined in one single part
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4 criteria to select AM candidates (Klahn et al. 2014)
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4 criteria to select AM candidates (Klahn et al. 2014)

2- « Individualization » : Complex part with high variability

(often interface parts)
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4 criteria to select AM candidates (Klahn et al. 2014)

Bracket airbus A380 (EOS)

3 - « Lightweight Design » : Complex mobile parts
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4 criteria to select AM candidates (Klahn et al. 2014)

Heat exchanger (EOS)

4 - « Efficient Design » : Part participating to mass, energy

transmission or conversion
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4 criteria to select AM candidates (Klahn et al. 2014)

1. « Integrated design » : Identify groups of parts that 

can be combined in one single part 

2. « Individualization » : Complex part with high 

variability (often interface parts) 

3. « Lightweight Design » : Complex mobile parts

4. « Efficient Design » : Part participating to mass, 

energy transmission or conversion
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Materials Dimension

The Materials in Additive Manufacturing

• The material is « built » at the same time as the part 

=> Tight connexion product-material-process

•Multi materials opportunities

=> alternate, and blend materials and filament
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Materials Dimension

• Best ratio mass/resistance

Architectured materials

343 Mpa, 7,2 g

328 Mpa, 6,1 g
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Materials Dimension

• Specific and « designed » 

properties

• Complex behavior

(negative poisson ratio)

Architectured material



39 Moscow – Vladimir Workshop, 14-19 November 2016

Materials Dimension
Architectured materials

Scaffolds for

Bones developmement
Lighten structures

Porosity gradient

Credit SIMAP - Grenoble
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Materials Dimension

Lattice structures
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Materials Dimension

Insert lattice structures in blind 
zones of topology optimisation

http://www.3ders.org/articles/20140915-futurist-christopher-barnatt-report-london-2014-3d-printshow.html
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Materials Dimension
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Some Manufacturing Issues

Complexity of numerical simulation

- Material modeling

- Importance of CL

- Geometric Singularities

- Many details

- Geometric uncertainties …
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Some Manufacturing Issues

How far from the 

ideal ? 
1mm strut

Circular cross-section

SEM micrograph

Architectured materials
Do we build what we calculate?

Crédit SIMAP - Grenoble
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Some Manufacturing Issues

Alignement of neutral axis 

of strut with vertical
Projection of  pixel along the strut. Inscribed cylinder: 

circular cylinder of same 

area than the inscribed 

surface

Inscribed cylinderMechanical properties

=radius of inscribed cylinderGEOM

EQR

GEOM

EQR

Geometry correction

Crédit SIMAP - Grenoble
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Some Manufacturing Issues

Build orientation

71%

58.1%

57.6%B
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• Horizontal strut : 

Larger cross-section due to over-meltingHigher stiffness

• No change in stiffness for vertical and 45° strut

CADR/R NUM

EQ

Equivalent diameter
Influence of orientation (EBM)

Crédit SIMAP - Grenoble
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Some Manufacturing Issues

RCAD

Different orientations

Equivalent diameter
structures

Crédit SIMAP - Grenoble

REQ depends on:

- fabrication direction

- CAD size

- Process parameter
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Conclusion

Take advantage of the form freedom offered by 

AM:

• Uncover new design rules

• Topoligical optimisation used

• Optimisation require expertise

• Topological optimisatin + architectured materials = 

promising results

• Rapid access to prototyping even when simulation is 

complex
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