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Additive Manufacturing/ 3D Printing Trend

Interest by region
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Total Additive Manufacturing Market Size, by Opportunity Segment, All
Technologies (Professional environments only), 2014-2027(e)
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Design Guidelines

We've put together our trusted tips, tricks and best
practices to get you off o a solid start. If you've been
wondering whether o material allows for interlacking
parts or embassing, or if you just want to avoid
comman design mistakes, check out aur handy
design guides.
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Gartner Hype Cycle

* Gartner Hype Cycles provide a graphic representation of the maturity and

adoption of technologies and applications

* Gartner Hype Cycle methodology gives you a view of how a technology or

application will evolve over time

* Each Hype Cycle drills down into the five key phases of a technology's life cycle.

* Technology Trigger

= Peak of Inflated Expectations
* Trough of Disillusionment

= Slope of Enlightenment

2t Negatwe Post-Plateau
* Plateau of Productivity SR o
products. high price. begins Shepe
- and failures High-growth phase
M.ﬂmd
On the | No working : the target audience has
Secondthird rounds of adopted or is adopting the
[ Mass medwa s
) Nype begis ‘ -
| Less than 5 percent adoption
Startup companses,
first round of venture "EEw,
capetal funding *
Laboratory *
. prototypes peoducts, out of the box .l+
' R&D
( memko re—r—
' http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp#




3D Printing Hype Cycle 2019

3D Printing in Retall

Macro 30 Prnting Classroom 3D Printing

Dwrected Energy Deposition

3D Printed Drugs Q 3D Printed Surgical Implants

Sheeat Larmination

30 Printing

30 Printing in Supply Chain 380 Primt groab::

IP Protection in 3D Printing ~ 3D Bioprinting for Life Science RED Software
Managed 3D Print Servicas 3D Printing of Medical Devices

30 Printing In
3D Printing In Od and Gas 30 Bioprinted Human Tissue Aut .
30 Printed Wearabies Powdar Bed Fusion 3D Scanners

3D Bicprinted Organ Transplants

Nanoscale 30 Printing
3D Prnting Workflow Software

Consumer 3D Printing Matecial Jetting

3D Printing in
Mamdacturing Oparations

Matanal Extrusion
Emerprise 30 Printing
Binder Jetting

3D Printing of Dental Devices

— 30 Printed Tooling, Jigs and Fixtures

Sterecithography
Printed Electronics

30 Printed Presurgery Anatomical Models

expectations

3D Printing of Consumable
Personal Products

3D Printing In
Aerospace and Defense

Blockchain in 3D Printing
2 30 Printing With Bound Materials

As of July 2018
P re .‘ '
Innovation e Trough of Slope of Plateau of
Infiated
Trigger Disillusionment Enlightenmaont Productivity
Expectations

Defore plateau

_ time
: Plateau will be reached:
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Characteristics of aircraft interiors
Demand Perspective

* Aesthetics

* Ergonomics

* Durability

* Maintainability
e Safety

»Innovation and Trends

Multipurpose components

Integrated parts

Custom components

Just in time availability for replacement
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Supply Perspective

Rapid
Materials Manufacturing

o . . . Cabin / interi :
Digital integration “application

Design and
Structure

Supply Chain
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Materials: Plastics in A/C Interiors

Freedom in Design

User Interaction
» Surface finishes
* Feel
* Look

Lightweight

* Lesser fuel per flight
Stability against:

* Fire-flammability

e Radiation

* Corrosion
* Low temperature

Environmentally Friendly
e Durable
* Recyclable

( mome
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Plastics in aerospace applications

PEIl — Polyetherimide
* PPSU — Polyphenylsulfone
* Pl - Polyimide

(( mome

PEEK - Polyether ether ketone

PLEXIGLAS" Exterior Applications
o Aircraft Canopy /View Windshield
e Cockpit Instrument Panel

0 Wingtip Lens

PLEXIGLAS® Interior Application

o Dust Covers

EUROPLEX" Interior Applications
o Cockpit Instrument Panels
° Window Shades and Dust Covers

o Galleys, Partitions, Lavatories, Sidewalls,
Seats & Tray Tables

POLYIMIDE P84" Interior Applications
) Anti-friction/Insulating Coatings Electronics
Sealing Materials
POLYIMIDE P84° NT Powder Exterior Applications
Sealings, Bearings, Bushings & Guidances
Toughening Agent for Composites

ROHACELL" Exterior Applications
0 Belly Fairing

0 Engine Cowling Doors

0 Flaps

@ Landing Gear Doors

D Radome

ROHACELL" Interior Applications
@ AftPressure Bulkhead

SOLIMIDE" Foams Interior Applications
@ Avionics Bays

@ Bilge Insulation

@ Cargo Liners

€D Duct insulation

Q Fuselage Insulation

Suitable VESTAKEEP* Exterior Component Applications
€ Aileron

0 Fuselage

9 Leading Edge/)-Nose

€D Nacelle

Suitable VESTAKEEP" Interior Component Applications

Q Additive Manufacturing for High Temperature Applications
@ Ducting, Cable Ties & Sheathing

Q Hinges, Latches, Handles & Mechanical Parts

@ Secondary Floor Structures

VESTAMID" Interior Application
9 Interior Profiles/Rub Strips
Suitable VESTOSINT" Interior Application

@ Additive Manufacturing: Brackets,
Clips & Ducts



INNOVATIVE PLASTICS ﬁj LuJ

[ 4
PRODUCT LINE GUIDE: = AlIN\
ULTEM™ RESINS PORTFOLIO ::ﬁlﬁb?@

[ ]
MVR: 360°C/5kg, cm */10min; Flexural Modus, 2mm/min, MPa; IZOD Impact, unnotched, +23T kJ/m %
VICAT Softening Temp , Rate B/120C; UL94 Flame Cla ss Rating

ULTEM 1000 resin series MVR Flex Vicat 1ZOD UL94*

General Purpose, Unreinforced Mod.

1000 (R,F,E,EF,P) Standard, Extrusion 13 3300 212 6 V-0/0.75
1010 (F,R) Easy flow 25 3300 212 5 V-0/1.5

ULTEM 2000 resin series
Glass reinforced, greater rigidity

2100 (R,F) Standard, 10% glass reinforced 9 4500 217 30 V-0/0.41
2200 (R,F) Standard, 20% glass reinforced 7 6500 218 30 V-0/0.41
2300 (R,F) Standard, 30% glass reinforced 6 8500 220 40 V-0/0.25

ULTEM 4000 resin series
Wear Resistant, reduced coefficient of friction
4000 Reinforced, 25% glass reinforced 5 7000 220 15 V-0/0.84

{ ' SO LVAy 4001 Unreinforced 13 3000 210 10 V-11.6

ULTEM CRS5000 resin series

~hrical Nat: ant asking more from chemistry®
Technical Data Sheet . L Superior chemical resistance
CRS5001 (R) Unreinforced 7 2500 222 - V-0/1.5
CRS5311 30% glass reinforced J 8200 220 35 V-0115
Rader“ R_? 4| 59 ULTEM 9000 resin series
Fulfills aircraft regulations (ABD, FAR, OSU, NBS), delivered with individual lot certification
po|ypheny|8u|fone 9075 OSU 65/65, unreinforced, injection molding 15 3200 200 7 V-016
9085 OSU 55/55, unreinforced, high flow 65 2750 173 13 -
Radel® R-7159 polyphenylsulione (PPSU) was developed match OEM color standards and in a natural-color grade y N L. .
specifically for aircraft interior applications. The product that is designed to accept aircraft paint systems for ULTEM?® resin is chosen because it offers:
complies with the FAA regulation 14CFR Part 25 Appendix ~ aesthetic parts. Painting enhances the chemical resistance * The ULTEM® 9000 resin series for full * Ability to manufacture ULTEM® resin based
F, offering vertical burn resistance, very low smoke of the polymer and provides the final step in color compliance with aircraft industry regulations for thermoplastic composites which allow increased
ﬁzgf::Itg;:rgutggi):?Eg%ﬁﬁ%&gﬁﬁg&?ﬁg@ae&ﬂ coordination. aircraft interiors including ABD 0031, FAR productivity in component manufacturing over
heat release method. It also generates low flaming-mode * Natural: Radel® R-7159 NT 50 25.853, OSU 65/65 heat release tests and NBS traditional composite materials
toxic gas emissions. o Black: Radel® R-7159 BK 937 smoke density tests * Ability to manufacture ULTEM® foam cores for

* The ULTEM” 1000, 2000, CRS 5000, 6000 and tough, light-weight sandwich panels
7000 resin series for compliance with aircraft p
industry regulations such as ABD 0031, FAR
25.853, OSU 100/100 heat release tests and NBS
smoke density tests
* Very low smoke and toxic gas emission, which
makes it a material of choice for aircraft interiors
* Chemical resistance against most fuels and fluids
* Excellent processibility with a very good part

- reproducibility
k * ULTEM®” CRS 5000 resin series for better
mem o resistance against hydraulic aircraft fluids, such as

Skydrol, compared to ULTEM” 1000 resin



Materials: Plastics in A/C Interiors
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Fire Smoke Toxicity

* FAR 25.853, (a) i &ii, (d)
* Flame: spread-speed, heat generated
* Smoke: density

 Toxicity: ppm of carbon monoxide (CO), hydrogen fluoride (HF),
hydrogen chloride (HCl), hydrogen cyanide (HCN), nitrogen oxides
(NOx), sulfur dioxide (SO2), carbon dioxide (CO2) and hydrogen
bromide (HBr)

* Improvement: halogen based resins, phenolics, alumina trihydrate
(ATH, AI[OH]3)

((( memio



Additive Manufacturing

e Additive manufacturing, also known as 3D printing, is a
transformative approach to industrial production that creates a
physical object from a digital design which enables the creation of
lighter, stronger parts and systems. (GE Additive)

(( ‘memko



Value-adding activities

‘-----------.

Manufacturer-centric

Paradigm shift

Manufacturer’s
design

Mass
customization

Make

Manufacturer’s
design

Consumer-centric

Personalized
production

Sell

Manufacturer’s
design platform

Sell

Sell

Consumer

Personalized
design

Make




Additive Manufacturing
Method of Production

SLA Stereolithography apparatus [ i ] [ i ] [Pﬁmtechmhgy ]

DLP Digital light projection

Continuous liquid interface

CLIP .
SLS Selective laser sintering Liquid resin -~ -
e oo -~ [a—
SHS Selective heat sintering —
Polymer powder \
o

Polymer filament
Fused filament fabrication/fused - > - -
FFF/FDM o . el .
/ deposition modelling \

LOM Laminated object manufacturing \

BAAM Big area additive manufacturing

LOM

’ Stansbury and Idacavage 2016
( ( memko



Compare Selected

Ultimate Strength
Stiffness

Durability

Maximum Service
Temperature

Coefficient of Thermal
Expansion

Density

Price (per kg)
Printability

Extruder Temperature

Bed temperature

Heated Bed

Recommended Build
Surfaces

Other Hardware
Requirements

((( memko
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Material selection for Makers

Flexible

1

F

40

[EEE
5
e sl
8
98+

90 jor

1.04;

220-250
95-110

Required

Kapton Tape,
ABS Slurry

Heated Bed,
Enclosure
Recommended

26-.43

w

60-74c

157 yr

1.19-1.23¢

Oprtional

PEl, Painter's
Tape

Part Cooling
Fan

|

68,

1.24:

10- 540

190 - 220
45-60-c
Oprional

Painter's
Tape, Glue

Suck, Glass
Plate, PEI

Part Cooling
Fan

F

65 32

100+c

230-245
100-115

Required

Glass Plate,
Glue Stick,
Kapton Tape

Heated Bed,
Enclosure
Recommended

PETG

5

8

73

60

1.23¢
20- %60

5
230 - 250+
75-90
Required

Glue Stick,
Painter's Tape

Heated Bed,
Part Cooling
Fan

Nylon

|
mmE

40-85

220-270
70-90

Required
Glue Stick, PEI

Heated Bed,
Enclosure
Recommended,
May Require All
Metal Hotend

kw‘ﬂu

Carbon
Fiber Filled

Learn Mare

200-230
45-60
Optional

Painter’s
Tape, Glue

Stick, Glass
Plate, PEI

Part Cooling
Fan

235-255
90-110c

Required

Glue Stick, PEI

Heated Bed

Polycarbonate

69
1.2¢
40- 575
EEE
6
260-310
80-120
Required

PEIl, Commercial
Adhesive, Glue
Stick

Heated Bed,
Enclosure
Recommended, All
Metal Hotend

4

Polypropylene

Learn More

i}

9
100
150,
09
60- 5120
==
4
220-250
85-100c
Required

Packing Tape,
Polypropylene
Sheet

Heated Bed,
Enclosure
Recommended,
Part Cooling Fan

D <

Metal Filled

O

"
a
w
&

h. D.I

45-60

Optional

Painter's
Tape, Glue
Stick, PE1

Wear
Resistant or
tainless Steel
Nozzle, Part
Cooling Fan

08 SIMPLIFY3D®

A

Wood Filled

=

45

-

W
~

305

1.15-1.25;

§25- %55

8
190 - 220
45-60

Oprional

Painter's Tape,

Glue Stick, PEI

Part Cooling
Fan

185- 200

45-60

Required

PEl, Painter's
Tape

Heated Bed,
Part Cooling
Fan



Design for Additive Manufacturing

/ 3D printing guidelines

v

Product optimisation

Requirements

Lantada et al. 2017

* Bio-Inspired Design
* Functional graded structures

* Hierarchical micro structure

(( mome

¥

Conceptual design

v

» Embodiment design

Part optimisation

/

and specifications

/L

Design process

Detail design

5

» Part programming

.| Manufacturing

technology

Manufacturing process

Mognol et al. 2011



Building stage

Polymer filament

/

Approaching

Contact Inter-diffusion

Mechanical Properties

Transversely isotropic
hypothesis

N

X
GV YV Y
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specimen
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Results of this research

Zhao et al.

https://doi.org/10.1016/j.matdes.2019.108089



https://doi.org/10.1016/j.matdes.2019.108089

Limitations & Quality of AM Products

Strength Speed

. Improvements in surface fineness

. Increase in detail rendition by thinner layers

. Improvements of material properties and range
. Cut down of construction time

. Elimination of rework

. Reduce cost

v
[
<
w
=
w
>
o
o
o
=

Funk J. 2015
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Challenges in Supply for Maintenance Parts

* Time —when a component is needed — available when needed
e Location — need to be available near critical locations

3D Printing point of view from OEM and MRO

What benefits might the successful deployment of 3D printing
technology bring to airline?

Lower cost for replacement parts _ 60%
Lower investment in inventory (e.g. parts, warehousing) — 54%
Improved part availability — 49%
Increased spare part options (e.g. PMA or STC availability) — 40%
Improved part reliability - 7%

Oliver Wyman, MRO Survey 2014

([ o

Tradeoffs between Revenue, Cost and Performance

* Current state

memes  Static asset management
=== Dynamic asset management DAM
wees 3D + DAM

*/‘

Extracts from
FunkJ. 2015

Service level

Asset
investment and
service costs



Armrest cover

Walls contracting inward
A temporary link between walls could add stability

Surface finish: layer thickness marks are visible

finishing of flatter down facing surfaces have some unremoved support pieces, a finer tool can be used to clean them




Other concepts in AM supply chain:

Decentralized supply chain

Reduce material inputs for leaner
manufacturing

Simplify production processes, reducing costs

Lower risk by providing a contingency plan

* Improve process flexibility, reacting faster to
demand

* Reduce the capital cost of entry into new
markets

(( memko Marchese K. (Deloitte)



Case study: Tray Table

* Materials in tray tables

* General specs of

* Potential damage in tray tables
* General replacement procedure + supply chain +time line

* Proposed rapid maintenance solution:
* Reverse engineering / OEM data
* Supply chain
* Material
* Replacement method
* Lifespan/ temporary AW approval

([ mome




The Digital Enterprise powered by 3DEXPERIENCE

INDUSTRY SOLUTION EXPERIENCES

Model Connectors Data Connectors

Vix Csoun Epce W 6760 - £ 3dncumentqm
MCAD ) ) SOLIDWORKS / 3 I N ‘ "';_-.;F Fﬁmﬁ i
.‘: JIL\NUVTSNDTE(;SEQ A AUTOCAD H zz:::;::
e [ EEEEE | » SharePoint eosphere
ECAD/ cadence Menlor
GBI - T
EDA/ MZUKEN Lotus “*Notes Op
SW = eclipse
SYNoPSys ﬁ—,@ FILENET AUTODESK
' An IBM* Company VAU LT
CAE/ ‘\ MATLAB  WMSC Nastran
Systems  frryi 0 ol7 Model based [ R 2 ol
apps 2 rreans  DChANge Serve
Office OH"TC m - /775 SOLIDWORKS U )Livelink
E'm g7 Winddil Process Connectors — oracte SERSE PDM -

Specialized Apps and Connectors
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Additive Manufacturing Standards Structure

Qualification System Performance § Round Robin

FERRRPYNS Tcminology | Data Formats P e ] Mund it | Genersl fop-oval

Standards AM Standards
Design Guides Wl Test Methods | Test Artifacts Inspection Methods “

* General concepts
* Common requirements
* Generally applicable

Feedstock Materials Process / Equipment Finished Parts

Ceramic Powders D?:::::l Powder Bed Fusion Mechanical Test Methads Category AM
. ; NDE/NDT Post-Processing
Photopolymer fpqlymer Powders| [ inder Jetting | ° orasimion &Y .
: ; ; Specific to material
Metal Polymer Material Bio-Compatibility Test Methods
Filaments “ Sheet Lamination e category or process

Vat Photopolymerization Methods category

Titanium Powder Material Titanium Allo Paper
Alloy Powders Steel Rods Beth#s}on Extr'::‘s\lgg y
wit on wit
Nylon Powder| Nickel-Based ! Aluminum Alkdy Specialized AM

Alloy Powders Powder Bed
Do ey | Fusion with Steel Nickel-Based Alloy Standards
ABS Filament “ Tianium Alloy [ ete, 4 .
Specific to material,

process, or application

4SIy

erospace | weda | | Acrosace | wedia | | Awrospace | medcol _
~uomawve | e | | rwomowe | e | | mwomoe | e | ) Ri/

(((( memko i




Aviation Context - Australia

~* Large Aircraft — minimal new design, extensive international,
domestic and regional airline fleets - FAA & EASA

ey~ @ Military aircraft — minimal new design fleet of ADF aircraft — F-35

Regulated

e Small aircraft — some new design FAR23 Amdt 64.

¥
_—

_ * LSA (electric), experimental — some new design
nnovative

— Self
regulated

_* UAV =significant new design

Graduates— to have an understanding of the role of technology for local Industry

' Rapid Prototyping — Stereo Lithography
( memko


https://www.linkedin.com/shareArticle?mini=true&url=https://www.avweb.com/recent-updates/business-military/piper-begins-3d-printing-components/&title=Piper+Begins+3D+Printing+Components

What is the Aviation context for value add AM technologies
Multi-faceted Usage in Aviation

e Qut of production spare and replacement parts

Colour printing ?



Australia AM context vs the Rest of the world

Australia - RUAG, Quickstep, Titomic Globally - Airlines

([ mome




Aviation Maintenance Logistics

¥ VeriPart™ Sepport  (B) Moog Urgent  Sign Qut

Dashboard Catalog Orders .

Order 8x37785fb i, Print Traveler Document E
Transter Reguest Transfer Maritaciurng
Qver Craaled Succmahd Compinte Progress Onder Conplete
o 2 O O

Name: PROTECTOR BLOCK LEFT HAND (NON-RECESSED)
Manufacturer: AIR NEW ZEALAND

Manufacturer's Part Number; F2306-419-601-M00G

Revision -

Customer PO: 916197444

e Business Premier Class Seat Monitor Lelt Hand Non-Recessed Protector Block. Technical Data Package is for production

tails (2)
2

erial 0 TBD EDIT n Serial 9 TBD EDIT

Operator Operator:

Materal: Material
.
Comments: Comments

www.3dprintingmedia.network
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Air New Zealand — AM Innovators



https://australianaviation.com.au/wp-content/uploads/2016/02/AirNZ_cocktailtray_3Dprint.jpg

AM Certification

_';-_r i Australian Government

Y Civil Aviation Safety Authority

Conditions and Limitations:
This authorisation does not constitute approval to manufacture
aeronautical products using “Additive manufacturing (3D Printing)”

Production Limitation Record

The holder of Production Cedificale Mo
i aulhorised 1o produce
Class Il Acronautical Products

on a one-off basis, manufactured in accordance with the following design data

- ot
The regulator seldom approves materials & processes as e L Mo — | Altnoreed
standalone entities. s e | T

-material & process approvals are implied when a particular design e | Ll
has been certificated regardless of whether this design is a e e Dl st ! I

sidamnil and BulkBmads, bags and 1 design data; or

component, an engine or an aircraft s SpmenLand osse . CASR21AIT Authossed Parscn
. . = OF MpPIOAed DESign ONQanSabon
g of Fonmycomt sendwech persls
ol eofie - . il Babing “non-Suld 1 - F\.l'ulu_ll :l_'el\..ﬂhl.l'n.'lu'li:|||||' [t
User Responsibility i - s A1 500
B 1 | = CAR {1088) 35 Authortd parian
Ensure AM material and process determines design allowables which el

Carpats = CAR [1885) 36 Authorised person

are reliable and have a statistical basis of derivation Sast Covens | fordota pproved bekore 27 June

= AR 100 20A Authorised
parean (for data approved balone
27 Jurss 2011}

Note: To manufacture AM parts you need design data and a e

This suihofisaion doas nol cantSiubs appreval 1o maruipsuro aeronaulicnl preducts wing “AddStive Manulacturing (30 Printing)”

controlled process, therefore you should have design & build .

capability.

(( memko




Certification— the questions

e A Part produced by AM is both a material and a process.

§25.603 Materials.

The suitability and durability of materials used for parts, the failure of which could adversely affect safety, must—

(a) Be established on the basis of experience or tests;

(b) Conform to approved specifications (such as industry or military specifications, or Technical Standard Orders) that ensure
their having the strength and other properties assumed in the design data; and

(c) Take into account the effects of environmental conditions, such as temperature and humidity, expected in service.

§25.605 Fabrication methods.

(a) The methods of fabrication used must produce a consistently sound structure. If a fabrication process (such as gluing, spot
welding, or heat treating) requires close control to reach this objective, the process must be performed under an approved
process specification.

(b) Each new aircraft fabrication method must be substantiated by a test program.

§25.853 Compartment interiors.

For each compartment occupied by the crew or passengers, the following apply:

(a) Materials (including finishes or decorative surfaces applied to the materials) must meet the applicable test criteria
prescribed in part | of appendix F of this part, or other approved equivalent methods, regardless of the passenger capacity of
the airplane.

(( memko



Certification - the process

§25.613 Material strength properties and material design values.
(a) Material strength properties must be based on enough tests of material meeting approved specifications to establish
design values on a statistical basis.

e A )

[ COMPONENTS

Non-Generlc Specimens

soinjesd [BINONIS

Generic Specimens
eseg ejeq

== [0 0 W

‘ (/S BER D G0 ez eed
(( memko
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General Aviation AM implementation

Image: Piper Aircraft

Piper has produced its first production part using additive
manufacturing—more commonly known as 3D printing

— according to a company announcement last week. The part, a climate
control system component, was printed using an HP Multi Jet Fusion
4200 3D printer. Piper says it is currently focusing on creating and
testing non-flight-critical components with the goal of achieving FAA
approval and expanding the use of 3D printing in aircraft
manufacturing.

(((memko

Image: Russian Helicopters Holding Company

Russian Helicopter Holding Company will launch serial production of 30
different helicopter parts using 3D printing from next year. This entails
construction redesign, strength testing and othere tests in an effort to ensure
the part made by AM is equivalent to or superior in its characteristics to the
original version.


https://www.linkedin.com/shareArticle?mini=true&url=https://www.avweb.com/recent-updates/business-military/piper-begins-3d-printing-components/&title=Piper+Begins+3D+Printing+Components
https://s30121.pcdn.co/wp-content/uploads/2019/08/Piper-Archer-DX.jpg
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https://www.linkedin.com/shareArticle?mini=true&url=https://www.avweb.com/recent-updates/business-military/piper-begins-3d-printing-components/&title=Piper+Begins+3D+Printing+Components

Space — NASA Standards

There are currently no NASA standards providing specific design and construction requirements for certification of additively manufactured parts. Several international standards

organizations are developing standards for additive manufacturing; however, NASA mission schedules preclude the Agency from relying on these organizations to develop standards that are
both timely and applicable.

* The MSFC-STD-3716 classification
system was used as the starting point

Consequence
of Failure

* This system is risk-based and stems from
the three primary questions typically
asked when evaluating part risk:

* Consequence of failure (What happens if
the part fails?)

Structural
Demand Low

High

AM
* Structural demand (How severe is the stress L
environment?) _
* AM Risk (How challenging is part design and
can the part be reliably inspected?)
1fi1 1 1 1 1 1 Class Class || Class Class Class Class Class Class
e Part Classification in 3716 is primarily a el el ol | e +d | b el

communication tool, and does not
directly inform most M&P requirements
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Future direction of Memko in AM
e AM Multi-Faceted

* Polymer 3D printing tertiary structure interiors

Recently, the 3D printing company Stratasys developed a version of ULTEM 9085 resin specifically tailored for certified aircraft parts,
which includes material and process specifications, test plan samples and material properties at safe levels for aircraft interiors.

* Maintenance logistics & response time
e Spares and replacement parts

* Is AM an answer looking for a problem. Where does the
application of the technology make sense?
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Thank You

_ [ GET READY TO MEET
MY NEW GIRLFRIEND...

*

2D PRINTING CAN
EFFECTIVELY SOLVE
MANY WORLD P(ZOBLEMS
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