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3D Printing and Additive Manufacturing State of the Industry

Annual Worldwide Progress Report
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Additive manufactu
growing, fast changi
phenomena impacting a f
the economy — Will play a major role
as a manufacturing technology in the

future.

* The market size for AM systems and services
estimated at US $6 billion in 2016.

 The CAGR over the past three years (2013—
2016) was 25%.
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Benefits of AM

Time-to-market
(donn 64%] “ High degree of freedom
Manufacture for design

(weight savings 64%)

Cost savings
\/| (down 50%)

() B

High flexibility . Workpiece
(variable workpiece quality
geometry ) < : :
3 Environment friendly
L (less waste, scrap

down 10%)

Figure in brackets refers to savings in aerospace and defence sectors.
Ref. J. Coykendall, M. Cotteleer, J. Holdowsky, M. Mahto, “3D opportunity in a
defence”. Deloltte University Press, 2013.
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Additive Manufacturing technology roadma

John Meyer, Airbus — 15t AM Technology Conference
8-9/10/17, Munich, Germany

High Level Roadmap — Additive Manufacturing Processes

/’/h\k Agile Manufacturing
flﬂ | . Optimised Parts = Integrated Architecture

AIRBUS
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Additive Manufacturing at MTU

10/11/2017 — M. Schreyogg — Vorstand Programme MTU Aero
1st Munich Technology Conference on Additive Manufacturing

Demanding targets for civil aviation require a strong contribution on the engine side

Flightpath 2050: carbon emission targets MTU-Roadmap supporting 2050 targets

CLAIRE: Clean Air Engine
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» Long-term growth in aviation calls for efficiency, environment protection and noise reduction

~» Evolutionary designs in support of 2030 targets: conventional engines with increased AM part share

2T Additve Manufaciuning at MTL 3
£ MTU Agm Engings AG. The information contamed herein s propretary 1o e MTL Asn Enganes group companies.
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| Thermal efficiency:

Increased overall efficiency

o

1
1
1 _< |+ Lowerdemand for cooling air
1
|
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sfc
Fuel Burn ~ Weight X —— X Time

i L/D
UG A— |

I
| Low weight structures .
: « Bionic designs : T
1 I
: « Lightweight structure and materials : w

~ Higher design complexity and more sophisticated manufacturing capabilities

worzoT Additivie Manufaciuning at MTL 4
S MTU Aero Engings A Tha information contaamd herain & propratary i thie MTU Aaro Enganes gnoug Comipranhes
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Franck Mouriaux, General Manager Structure
RUAG Space
Munich, 11-12 October 2017

Additive Manufacturing
Re-inventing the design of satellites

(SSurce WWW)
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6 | AM within RUAG Space | RUAG Space | Mumich, 1112 October 2017 [Source WWW) ahead. R UAG
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Franck Mouriaux, General Manager Structures
RUAG Space
Munich, 11-12 October 2017

Additive Manufacturing SURREY
Changing the economics of satellites

Entire life-cycle
was completed in

8 weeks

Together
3| AM within RUAG Space | RUAG Space | Mumich, 11-12 October 2017 ahea.d- R UAG
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RMIT AMP Additive manufacturing c

Polymer : —

FDM - Fortus 900mc, Uprint, 10 Makerbot,
10 Zortrax, Markforge

SLA — 3D Systems Projet 7000, DLP systems
M) — Polyjet J750, Connex 350

Metal

SLIM — SLM Solutions 500HL, ‘(/\

2x250HL, 125 HL, TRUMPF 1000 g
LMD — TRUMPF TruLaser 7020

Supporting ——
CNC -3 & 5 Axis machining centres

Metrology — 3D scanning, CMM, CT
Simulation - Virtual design, Optimisati
Mechanical Testing — Extensive capabilities
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Centre for Additive Manufacturing forme
14 Academics and 25 HDR students, res

Design Materials and
manufacture
» Topology optimisation * Process optimisation
algorithms  Structure
» Self supporting ﬁoptimisation
Structures algorithms * Process control
 Design for additive » Alloy development

* Modelling

Focus on generating new IP
® RMIT

UNIVERSITY



Additive manufacturing tech

Stereolithography (SL)

UNIVERSITY

POIymer Direct focus beam
methods Digital Light Processing (DLP)
Direct photo shaping (DPS
Metal P ping (DPS)
Photo Curable , Solid Ground
Masking methods Curing (SGC)
m Liquids Jetting head type Polylet
Electrically Electrochemical
conductive Fabrication (EFAB)
— Sheet Lamination Bonding of sheets el Ob(]fgﬁ/ll\)/lanufacturmg
-
< Selective Laser Melting (SLM)
- Melting ~Laser Metal Deposition (LMD)
Electron Beam Melting (EBM)
= Powder Sinterin Selective Laser
8 Sintering (SLS)
Binding 3D Printing (3DP)
) . . Fused Deposition Modelling
i Solids Extrusion (FDM)
rTav




Laser Additive Manufacturing

Two directions:

Repair and manufacture — laser cladding + 3D
(powder fed)

Additive Manufacture — Selective Laser Melting
(powder bed)

- Both processes use a laser beam and powder stock
which is melted and fused to the substrate or the |
below
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Laser Metal Deposition — Invented in UK In |
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Selective Laser Melting Process
Invented at ILT ~ 1995
How it works

Ar processing chamber

STEP 1 STEP 2

application of
powder layer melting of

/—\ the powder

metal part made
/ of serial material
lowering the platform

3D-CAD model
subdivided into layers

STEP 3
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Some research examples
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Motivation: repair and restore legacy and
components and develop lighter structure
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New Systems [
 Wear

e Corrosion
* Fretting
* Impact

- Fatigue

orvr RUAG i /|l

Defence Science and Technology Group |




Repair on actual component
(C-130 landing gear shelf bracket)

Powder material: 420 SS
Substrate material: AlSI 4140 steel

Australian Government

“* Department of Defence
Defence Science and Technology Group

# RMIT As-clad
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Substrate material: 13-8 PH SS |
Objective: Match hardness of the substrate ]
Approach : Mixing powder alloys to tailor hardness | * Sttt | - .....
Solution: Powder material: 420 SS + 17-4PH N i ol (D .

Australian Government

Department of Defence
Defence Science and Technology Group

0.5 mm
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CERA Project (RMIT/DST):
Additively Manufactured Lightweight Hybrid Ballisti8

In-situ modified
‘ microstructure

Why AM
*+ New design philosophy

% Hybrid materials > Microstructure s
s i i ; » Mech Prop. -
“’ Ra p I d p rOtOtyp I n g = Ra p I d % @ Available online at www.sciencedirectcom P ‘
,; = : 5 S A\ Cla MATERIALIA
T&E Laser Metal Deposition =5k < i ool U
Selective Laser Melting
% In-country armour supply | * N et e T 0
’:‘ Rapid su pport to Operations + W. Xu,™" M. Brandt,” S. Sun,” J. Elambasscril,” Q. Liu.” K. Lmh;:m:: K. Xia" and M. Qian™"
% Cost??

: : MIL-DTL- AM???
** Vehicle Applique .

+

Threats

s Body Armour

+ Structural

armour

_ Australian Government

UNIVERSITY < Department of Defence

Defence Science and Technology Group



Phase 1: Progress

~ Nov 2017
| “Optimised”

plate ballistic
specification

BrecRcl T | |

SFLF P\ > Hybrid compositions
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Challenges with Laser Additive technology
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SLM Technology — Build rate approach limite
single material : Need new concept?

Global players: EOS, GE (Concept Laser), SLM Solutions, Realizer, Phoenix (3D
Systems), Renishaw, TRUMPF

1.
2.
3.

Laser source — Increasing power up to 1000W

Beam delivery — multiple sources

Powder delivery and platform size: typical 250 x 250 x 300 mm.
New systems: Concept laser,

640 x 400 x 500 mm and 800x400x500 mm Buikd Speed 55 £m/h (Twinl/
SLM Solutions 500 x 280 x 325 mm Ouad-lases
Ix 400W
Build Speed 45 ccm/h
Build Speed 25 cem/h TWin-laser
2% 400W
Single-lases S NL'-' ‘ :
400W o =i
i H: +235% Build rate {cm?/h)
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Major scientific challenges with metal AM te
materials and manufacturing optimisation

* Lack of fusion at interface — LMD
e Lack of fusion in SLM parts

* Porosity in SLM parts
* Cracks

Gas pore

| Lack of fusion

=
fang| iy =
R &;r

3 ~

20kV X150 100pm




Major challenges with metal laser AM techn
— sensing and control

Lot of research has been done
and is ongoing in particular with | Néas =

SLM technology but no real Process Computer !

. . g Optic
commercial devices — critical for Fbr Pyromeer,
QC and cetrtification 6 Laser Beam i E‘if,’é‘:“'
SLM+LMD camains | ]ORNy B
« Layer thickness Focussing —= Radiation

* Porosity
« Lack of fusion

 [nterface defects — {_ L_%
* Heat build up Workplece :

Phase ? Dilution? reed Drecton

Powder Delivery
Nozzle
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Major challenges with metal AM
technology — modelling and manufacturing

* Distortion is an issue with additively
manufactured parts and strategies
need to be developed to minimize it

* Process and microstructure modelling

Powder bed fusion

FLOW-3D

® RMIT
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Powder stock LMD and SLM: critical to su
outcome

 Powder manufacturability
influences the quality,
microstructure and layer

" SEM images of 70Cu-30Ni powder properties

. N ' e Powder bed: 20-60 microns
e Powder fed: 45—90 microns
New powder alloys

A PR 4 Rig iy
Bl ) \ i - 8.7 y w 5 AS/, ,
o = » \#& ’ & w 4 @
m Spo! tM agn Det WD }—{ 100; &
UNIVERSITY > 30 0 KV50 500x SE 118 RMMFXL30 )

y iy ST / =
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Major challenges with metal AM technology
optimisation tools

Part design

Process steps
complex requiring
several software
packages

Topographically optimal

Manufactured

40-60% Mass
reduction
(depending
on loading)

CAD Equiva

UNIVERSITY
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Additive Manufacturing Opportuniti
— up to 2040

Message

- AM technology growing and will play an increasing role in
manufacturing in the future because of the many benefits it
offers compared to traditional technologies

- Research in AM technology will deliver new more efficient,
cheaper and fully instrumented devices

* New materials and software design and process modelling
tools for AM need to be developed

« The applications of the future are yet to be discovered and
developed

® RMIT
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Conferences
ASIA-PACIFIC
\NTERNAT\ONAL

iéidv::,l. “ " :‘;3-"'
‘B CONFERENCE ON ,
ADDITIVE Australia ".1

281 7 MANUFAETUR\NG \%

Materials

[ |nternationa\
Additive Manufacturing

. call for expression of interest
for conference partners.
| industry sponsors and exhibitors:

‘1 Conference co-cha'\r
\ (Ma Qian)

Prof. Ma Qian,

# RMIT

UNIVERSITY
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