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Wolff's law
Pawlyn, M. (2011)
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The optimization of material usage plays a necessary role in
nature; the principle is 'materials are expensive and shape is
cheap’ as opposed to current technology in our manufacturing
industry, the opposite tend to be the case (Pawlyn, 201).
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Jet Engine Bracket From Indonesia Wins 3D
Printing Challenge

Dec 11, 2013 by Tomas Kellner
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Architecture ?



- evolo.us
Ohmori (2008)
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TOPOLOGY OPTIMIZATION FOR FREEFORM ENVELOPE
DESIGN WITH ADDITIVE MANUFACTURING
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design tool case study
TOPOLOGY FREEFORM
OPTIMIZATION ENVELOPE




TOPOLOGY
OPTIMIZATION



Initial design Optimized design m

sizing optimization shape optimization topology optimization

o

(Christensen & Klarbring, 2009)






TO basic principle:

1. Define problem:

* Objective? Constraints?

« Domain? Boundary
conditions?

* Loadcases?

2. Discretize and
parameterize material
distribution

3. Optimize material
distribution for best
performance

4. Evaluate / fine-tune
result (post-processing,
shape optimization)
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Laser

b Melting

Workpiece

Direct metal laser sintering

Print head —

Workpiece

Binder jetting process

Thermoplastic
filament

Fused deposition modeling

CES Edupack 2015



Direct metal laser sintering



Binder jetting process



Fused deposition modeling
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Ultimate Tensile

Company Country Material Strength (MPa) Price (EUR)

Shapeways NL Stainless Steel 420 60% + Bronze 40% 682 229

Binder ) o " o 9

etting i.materialise BE Stainless Steel 420 60% + Bronze 40% 682 216
ExOne GER Stainless Steel 420 60% + Bronze 40% 682 125
RapidObject GER Tool steel 1.2709 1100 757
Stratasys us Stainless Steel 17-4 PH 980 1236
Fit-Prototyping GER Stainless Steel 17-4 PH 980 930
RapidObject GER Stainless steel 1.4542 930 924
Stratasys us Stainless Steel 316L 675 172
Protolabs UK Stainless Steel 316L 675 101

Direct

Laser Star-Prototype CHN Stainless Steel 316L 675 642

Melting
Stratasys us Aluminum AISi1TOMg 400 1347
Star-Prototype CHN Aluminum AISITOMg 400 1120
Protolabs UK Aluminum AISI1TOMg 400 1044
RapidObject GER Aluminum AISI1TOMg 400 428
Fit-Prototyping GER Aluminum AISiTOMg 400 350




Structure with FDM?



Ultimate

Cou . Tensile

Company try Material Strength
(MPa)

Nylon 200

biEligelERe) | LS + continuous carbon fibre

Arevolabs | Us PEEK (Pplyetheretherketone) 145
+ milled carbon fibre

Indmatec |GER| PEEK (Polyetheretherketone) 98

Stratasys |GER PEI (Polyetherimide) 81

Co-polyester 76

Colorfabb | NL + milled carbon fibre J

Colorfabb.com




Raster Actual Actual Ultimate  Ultimate  Flexural

Orientation  Width  Thickness Stress Strain Modulus
(degrees) (mm) (mm) (MPa) (%) (GPa)
0 12.63 3:54 9934 6.64% 3.13
o| 0 13.08 3.19 103.77 9.19% 3.17
N 3.20 0 13.08 3.09 100.90 13.29% 3.18
‘ ; 0 12.75 3.15 107.14 12.16% 3.48
’ | l 0 12.76 3.23 99.87 11.82% 298
‘L 127 J‘ 45 12.83 3.37 92.77 7.17% 2.98
45 12.69 3.36 92.29 7.48% 321
45 12.76 3.44 88.23 8.15% 293
45 13.10 3.34 89.43 8.81% 3.02
45 12.75 3339 90.53 7.59% 2.78
90 12.74 3.38 85.77 4.73% 3.01
B o . . 90 12.72 3.40 8548 473% 288
90 12.77 333 87.32 475% 3.05
90 12.76 331 86.52 401% 3.00
"""""""""" e e s 90 12.67 3.37 85.59 430% 3.05
s ; Flexural
Raster Ultimate Ultimate s
3 : " R Modulus of
000000 O 0 6 | Orientation  Stress Strain o
P | | | i | o Elasticity
|2 M09 876 5 43 2% D %23 8 5 6 7 8 9 m 1 12 13 (degrees) (MPa) (%) (GPa)
“Centimeters a
0 102.203  0.106 3.187
45 90.649 0.078 2.985
90 86.136 0.045 3.000

Letcher (2014)
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OPTIMIZATION MANUFACTURING ENVELOPE
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Sischka (2001)
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Although triangulated surfaces can describe any freeform shape,
employed in construction they are economically less advantageous
than equivalent surface structures built of quadrilateral (four-sided)
facets: Quadrangular mesh constructions require fewer machining
operations on the glass, and fewer mullions (as they eliminate the
diagonal mullion from one side of the triangle). (Schober, 2002)



Figure 10. Hyperbolic paraboloid as translational surface
(left) and joining possibilities (right)

Figure 11. Translation surface covering two semi-circular plans connected with
tangential edges.

Schober (2005)
Fosterandpartner.com




Design ideas






node's central axis
beam's central axis
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Localized Complexity






ORCE =1500.0
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Model Info: C:/Users/Bayu/Desktop/P3/pavillion/p3 01/geom_all.hm
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Global Calculation
for Local Optimization
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Research on prototype design Research on case study design

analysis on design parameters analysis on design parameters

simulation simulation

evaluation (physical) ] evaluation (digital)
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node's central axis
beam's central axis

O—

nade's top offset

node's bo
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Node element : TO design space

Node element : non-design space

Beam element : solid wood
:oooooooooooocoooooo Boltconnection
: eeecececeeee Three wood planks attached with glue






>

Loadcase and boundary
conditions

Nx: Normal (axial) forces on
beam'’s local X-direction

rsional moment on beam's
local X-axis

Displacement diagram

Vy: Shear forces on beam's local
Y-direction (in plane shear)

My: Bending moment on beam's
local Y-axis (out of plane bending)

Beams utilization. Red:
compression, Blue: tension

Vz: Shear forces on beam'’s local
Z-direction (out of plane shear)

Mz: Bending moment on beam's
local Z-axis (in plane bending)
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Total beam fength : 16353 mm Total beam length : 17244 mm Total beam length - 12305 mm Total beam length - 14312 mm
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Design : Iteration 0 : Frame 1
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Generic design optimization
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Range

M [ 49.042787108

-
0 - Max Range

Min - Max Range

[} show range in viewport
Unit

Meshes
Add Obiect

Remove Obiect



Forces :

e Closeness to reference
surface
* Closeness to boundary

curve =i
* Planarize panels =
» Equalize edges length e
« Fairness curvature e

Add Obiject
Remove Obiect
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LC2
max d: 10 mm

LC3
max d: 5 mm

LC4
max d: 13 mm



Loadcases:

LC1 DL+ LL

LC2 :DL + LL + Snow load

LC3 DL + LL + Wind load (uplift)
LC4 : DL + LL + Lateral load (X)
LC5 :DL + LL + Lateral load (-X)
Beams:

RHS 200x100x8
CHS 400x10

1.0

0.4
0.8
0.4
0.4
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Model Info: C:{Users/Bayu/Desktop/pdibakufbaku hm*



Contour Plot 1: Modael
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Further research

TO and AM in other architecture elements
Quad glazing assembly detail integration with AM
Extensive advanced structural analysis
Extensive physical test for AM materials
Extensive cost analysis



Conclusion

AM as design tool :
Localized Complexity



Conclusion

TO : designed by computer?
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