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Fabrication Hapide & Eco-Design

I
Additive _
Manufacturing —
Good opportunity
- to change the
World by

(—

High Added Value
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Fabrication Rapide & Eco-Design

Why reduce weight ? Kless buiding time \
- less waste during production (no chips)

- less energy during production

# - less energy during transport

- less energy during component using
- reduce cost

&Carbon footprint ? (Interreg FRED) /

{ Vanguardist sectors }

- Aeronautic
- Spatial
- Automotive
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Fabrication Haoide & Eco-Design [ MUIti = functionality

How reduce weight ? [SD lattice structures

[ Functionalities }

[IFAM]

[ Porosities }
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Fabrication Haside & Eco-Design

W Functionalities _
Pressure resistance = §& U B siisABD] 8

> p using: 400b
> p test: 600b

» p rupture PM:
1.535b

—Test 3
—Test 2
—Test 1

Case 2 IFAM SLM burst pressure test
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[IFAM = Sirris ADD]
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Fabrication Haside & Eco-Design

[IFAM —Sirris - ADD

> Mass: 1.33kg at 0.8kg = Reduction of 38%

» Volume: 171 cm3 at 91 cm3 =» Reduction of 47%
> External size: similar

> Pressure resistance OK

> Cost 1 unit PM: 450€ (similar conventional)

» Cost 150 units PM: 43€/unit
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Fabrication Haside & Eco-Design

{ Multi - functionality J

[Sirris ADD - CSL] [Sirris ADD - CSL]

> Simplification

» Cooling tube removed and integrated

> Support integrated

» Rings and braces removed

» 12 components = 1 part
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Fabrication Haside & Eco-Design

Circular profil

Double honeycomb

k L ] ®
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[3D lattice structures J

Name/Description Part volume Relative
Full cube 27.00 cm?3 100 %
Circular profile 4.37 cm3 16 %
Spherical 2.75cm? 10 %
Honeycomb 3.74 cm3 14 %
Double honeycomb 3.25cm3 12 %
Reduced honeycomb 1.93 cm3 7%

Spherical

Reduced
honeycomb

PROGRAMME D'INNOVATION POUR LA COMPETITIVITE DES PME DE LA MECANIQUE, DE LA MACHINE SPECIALE,
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Fabrication Rapide & Eco-Design

[Sirris ADD]

3D lattice structures

Courtesy of OS Orthopédic Services

GmbH / inno-shape GmbH
- P S— — /

EBM - Oak Ridge National Lab

€
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Fabrication Haside & Eco-Design

> Weight reduction with minimal strength reduction

> Biomedical implants: bone regeneration

» Graded structures
» Shock damping

> Vibration reduction

> Filtration

Laser Cusin

LaserCUSING®
Quelle: Frauenhofer WU
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Fabrication Hapide & Eco-Design

[ Functionalities

[ Internal freeforms ]

» Weight

> Volume

> Pressure drops reme 40 ser | e S

r
>

> Cost iIShares Culsg

» Pressure resistance
Manifolds (Hydrauvision)
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Fabrication Haside & Eco-Design

[ Hydrauvision]

[TNO - Hydrauvision]

k . ®
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Volume: 2.900 cm3

:> Mass: 19.2 kg

External size: 210 x 210 x 70mm

Volume: 244 cm3
Mass: 1.2 kg
External size:
85 x 85 x 38mm

[Sirris ADD STNO- Hydrauvisig
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Fabrication Hapide & Eco-Design

Pressure drops:

““Test results: AM gives factor 13 less pressure loss compared to conventional method.

1 |
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I I |
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Very important reduction of pressure drops and
also good pressure resistance
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Influence of roughness on pressure drops:

0y RN ISt RrasTue (D] ——~Polished
- | | E dil ] —Unpolished
{ | t odel n® ;
. Madel ned — ——Poly. (Polished)
{ | ; ——Poly. (Unpolished)
i /.:/.,Model n“a !
g  Modsl n°3 ! B
015 // ! §0,3
Model n°2 | =
AT - t o
Aodel n*1 ! | S02
- o
“n
=1 1] g ﬁ
0.1 el
o7 ]
i Roughness haight (mirons) [Hydrauvision]
100601 1008400 LEE-01 1.008+02 100803 0
60 70 80 90 100 110 120 130 140,450 160 170 180 190 200 210 220 230
Negligeable regarding previous result and cost of polishing
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Fabrication Haide & Eco-Design

[Hydrauvision]

[Sirris ADD j_TNO- Hydrauvision]

> Mass: 19.2kg at 1.2kg =» Reduction of 94%

» Volume: 2900 cm3 at 244 cm3 =» Reduction of 92%
> External size: much less (210mm => 85mm)

» Pressure resistance: OK

> Pressure drops: 3,25 at 0,32b = Reduction of 90%
» Cost 1 unit PM: 750€ at 538€ =» Reduction of 28%
» Cost 112 units PM: 78€/unit + milling
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Fabrication Haside & Eco-Design

[ Functionalities ]

[ Internal freeforms }

Rounded channels

Changing diameters

Same functionalities
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Fabrication Haside & Eco-Design

» Mass: 55kg at 20kg = Reduction of 63,6%

» Volume: 2334 cm3

» External size: 265 x 200 x 165mm => 240 x 200 x 150 mm
> Pressure resistance: OK

> Pressure drops: 1,68 at 0,37b = Reduction of 78%
» Cost 1 unit PM: 2500€ at 3122€ + milling = increase of >25%
» Cost 6 units PM: 2500€/unit at 2376€ + milling (similar)
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n Kaside & Eco-Desig

[Investigation ways to manage the porosity ]

* Sintering parameters |
e Composition of the powder mixture ' | - s L4
 Addition of organic charges i @ (i

Densite (%) | porosite ouverte| porosite fermee | R0,2 (MPa) | Rm (MPa) | A (%)
166 1425°C 92,7 1,3 6,0 152 416 37
166 1420°C 92,6 1,3 6,1 137 400 35
31 1420°C#1 92 4 1,0 6,5 154 457 42
31 1420°C#2 97,1 1,0 1,9 158 512 62
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Fabrication Haside & Eco-Design

[ Porous applications J

e Fluid controls, filters,

i * Material: SS316L

’\‘; VK, Sirris NNP -~ *Density: 50-95%

*Open porosity: 0-50%

*Pore diameters: 5-35um

e Permeability (Darcy law):
101 up to 10 2m?
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» Weight reduction: 530g = 3929 (-26%)
» 7 components = 2 components

> 3 materials = 1 material (1 technology)

> Carbon foot print

[ Topological optimization J

=)
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& Eco-Design

{ Thermal management

CAVITY

Conventional Mold CCC Mold

High performance molds using Conformal Cooling Channels in an optimal way
near the surface of the cavity
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n Hagide & Eco-Design

[ Industrial cases: (in production) ]
- Tool conception
- Building of inserts by additive
manufacturing
- Milling and assembly of inserts in i (FP6 Hipermoulding Project]
cavities
- Comparison conventional and CCQG
molds .
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Fabrication Haside & Eco-Design

[ Spanish case: Gestap (Food sector) ]

* Material: HDPE

* Size: Dia 60 x 35 mm

* Thicknesses: 1.2 /1.7 mm

* Production: 6.000.000 units/year
* t. e 38 s (Too lonc

[FP6 Hipermoulding Project]

I
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Fabrication Hapide & Etb-UtSIQ!\

————

CCC Design

[Dia60x35mm]

[FP6 Hipermoulding Project]

e Concept Laser CL50 (steel 1.2344)

Injection

Finishing and mould integration
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Fabrication Raside & E¢ o-Design

» Conventional cycle time: 38s

* CCC cycle time: 32s

Fﬁ n ﬁT\ O * Reducing cycle time: 16%

* Profit as the 1year: 222.000 € (6.000.000 units/year)

[FP6 Hipermoulding Project]
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Fabrication Haside & Eco-Design

[ Belgian case: Container (Medical sector)

b Material: PP

P Size: 26 x 36 x 53 mm

P Thicknesses: 2 mm

 Production: 100.000 units/year

teyeres 27.2's (Too long

r Very small parts: very closed volume available to
manage a good cooling

* Ejection problems

[FP6 Hipermoulding Project]
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Conventional cooling Conformal cooling layout

- N VR,
|
| -

NN -

Moulding area Moulding area

[FP6 Hipermoulding Project]

'V

New core concept to increase thg
thermal exchanges: 4 cooling
channels (Dia 1.5mm)
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Fabrication Haside & Eco-Design

Cycle time

Cooling_Cooling Time Cooling_Cooling Time

10 Osec] %10 Ojsec]
" 15.202 7300
14.189 7000 Aft r 7
After 15,2 s er7,5s
13175
6.000
12.162
5.500
11.148
5.000
10.135
4.500
9121
4.000
8.108
3.500
7.094
3.000
6.081
2,500
5.067 _
e 1500
3.040 1000
2.027 s
1.013 5 i
- 0.000 [FP6 Hipermoulding Project]
Conventional concept CCC concept
k L] L]
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-

[ 26 X 36 x 53 mm ]

LBM Manufacturing

e Concept Laser CL50 (steel 1.2344)  i#p6 Hipermoulding Project]

Mould integration Finishing
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Fabrication Haside & Eco-Design

» Conventional cycle time: 27.2 s

IS *«CCCcycletime: 17.9s
\illa

* Reducing cycle time: 34%

* Profit as the 1year: 8600 € (100.000 units /year)

7

* Reducing thickness

* Better ejection and quality part

[FP6 Hipermoulding Project]
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Fabrication Haside & Eco-Design

=» Reducing cycle time: 10 - 35%
=» Reducing energy consumptigeycle time, less material, less warping, good filling
and less rejects)

=» Improvement of the durability of mou(@niformity of T°and pressure — Reducing
Max T°and pressure)

=» Reducing unit cogReducing time, rejects, material volume)

=» Improving quality injected pari@ot spots management, Mould TGiniformity,
reducincrejecty)

=>» Possibility to local cooling by local insert integoat
=» Carbon foot print
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[ Laser Metal Deposition (Cladding)

— Coating:
« Easy way to coat any piece from its CAD file in@rdb improve
properties such as :
= \Wear resistance
= Corrosion resistance
= hardness

@ 3-D parts for glass manufacturing
@ Wear prolection
@ Powder-based cladding process

09/04/2014 32 PROGRAMME D'INNOVATION POUR LA COMPET TIVITE DES PME DE LA MECANIQUE, DE LA MACHINE SPECIALE,
DE LA DEFORMATION ET DES MATERIAUX DANS LES REGIONS WALLONIE-LORRAINE-LUXEMBOURG (WLL)



23
l Seren

Fabrication Rapide & Eco-Design

— Repairing:
« Parts with high added value

[Fraunh@fer center for
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Fabrication Haside & Eco-Design

— Functionnaly Graded Materials:
¢ Same material (lattices, porosities)
« Different materials

Cu=Al=-Fe-Cr-Mi mrmpijund [Sirris ADD]

=
o Stnintess Steel 4300

stellite ] 2+nanostructured FeCu

[Enisej, stamless steel 430L
-

Substrate - steel X45

|,|nh0f9fr
CuSn % Fraun e )
Hybrid t ol : X .-.Ifmnl"“;‘
- aternal strt £1.23
stellite12+nanoFeCu e rasive |
gracdient 430L-stellite 1 2/nanoFeCu :
stainless steel 430L

JGRAMME D'INNOVATION POUR LA COMPETITIVITE DES PME DE LA MECANIQUE, DE LA MACHINE SPECIALE,
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Fabrication Hapm & Eco-Design

Added Values
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— Réduction de matériaux de base
= Usinage parfois rapport 20/1

— Réduction de frais de transport et logistique:
= Production locale et décentralisée (pas de moule)

— Réduction de la consommation d’énergie prot

= Empreinte globale CO2 réduite

= ATKINS project (EU)
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Fabrication Hapide & Eco-Design

Cas pratique

k L] *
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Fabrication Hapide & Eco-Design

2.000
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