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Fairmont Consulting Group At A Glance

WHAT DOES FAIRMONT DQO?

STRATEGY OPERATIONS TRANSACTIONS
We help clients understand We help clients organize for We provide critical market &
evolving markets and changing maximum effectiveness and competitive diligence in
competitive environments execute on their strategic support of the acquisition and
in order to decide roadmap, driving more productive sale of businesses; detailed,
where and how to invest time operations, more successful objective independent financial
and capital in support of business development, and more forecasts and critical
profitable longterm growth targeted innovation transaction support

CLIENTS EXPERIENCE CAPABILITIES
Aerospace & defense primes Advisors to CEOs, boards, and Deep domain knowledge
Tier 2 and Tier 3 suppliers leading investors in A&D across A&D and all subsectors
: L + Gl obal net wor
Global private equity investors 100+ strategy engagements ooeratinne. finance. technolo
and hedge funds 100+ transactions worth $10B+ P ! ! 9
government

PE portfolio companies

WHO RELIES ON FAIRMONT AND WHY?

in total enterprise value
: Technologyenabled, data
100+ collective persoiyears of driven analytical techniques
A&D experience
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vaniacurng: | Additive Manufacturing

Outlook &

mpications | IMplications For The Aerospace Market And Supply Chain

Additive Manufacturing (AM) is a disruptive manufacturing technology, but with all
of its hype it can be difficult to ascertain what is really important

The following AM technology review Byairmont Consulting Group goes in depth on this
technology and discusses the most critical information for potential investors and traditior
suppliers. The focus of the analysis is on metallic processes used in the aerospace mar

Areas of discussion include:

¢ What has been thevolution of this technology ?

Which processes are causing disruption®

What part types are most vulnerable and when might AM affect your parts?

What complementary technologies and market risksexist for AM?

How will AM impact the aerospace supply chain?

O O O 0O 0

How can suppliers or investorsapitalize on AM or mitigate risk from AM?

This report will provide aerospace suppliers and investors with an understanding

of the risks & opportunities associated with additive manufacturing
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Additive /s The Hype True?
Manutacuing- | AM Will Disruptively Impact A&D Industry; Acceleration Of Production
. . . . . (2}
mplications 1 ses Likely Post 2025 With New Platforms & Operational Data ,
) (0]
¢ What 6s t Mastmarkat an&lysts agree that AM will Benefits & Limitations of AM°
become pervasive throughout the aerospace & defense world ©
0OThe aerospace industry, with]| i tDssigsFlexibilithn gent coer t
approvals, relies on 3D printing, making a strong case for 3D printing to Shape
become a critical part of manuf acivaisi ngds futwr e
- EdYuh, Project Engineering Manager, Stratasys Direct Manufacturing 0 £
. >0
¢ Why?Simply put, 3D printing enables components tosiapler | ¢ Reduces BuyTo-Fly Ratios g
! : =
(fewer parts)jighter (complex geo_metr_les), anfdster to o Sl (SesEn Uss o
market (reduced total manufacturing time) -
: ~- : : Tooling Cost
¢ Fai r mo n tFaisnont @dnsulting Group believes AM will ¢ Rgduced tooling costs 2
dramatically impact the manufacturing landscapsicularly .
beyond 2025 at which point penetration will accelerate o
greatly in commercial aero applications ¢ Capacity =
" ) - ] ) Slow manufacturing time o
OEntry Pointsd and flight expleriep&gtsarle two ma )|
AMOs penetration into productifion use » .,
A The next wave of clean sheet designs, engine & airframe, is not likely until | ¢ Applicable Component Size li _5
middle of next decadé Fairmont expects a large increase in AM at this point _ _ < §
A OEMs are gaining critical flight experience with recent AM parts; data on g WEEiE oo o E
survivability, maintainability, reparability, and failure prediction calibration is _ o -
critical to AM8s continued growt h| i©nPrQduclon Patdeslt r vy l—
Other part specific challenges exist that will limit the adoption rate of printing Resolution

this technologyfurther investigated in the review)

-
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Additive

manufacturing: | Addlitive Manufacturing History
Outlook &

moicaions | AM Development Following Traditional Path; Usage Is Accelerating

¢ Additive Manufacturing (AM)or 3D Printing hiaansitioned from a lab The First Comprehensij St2ndardization Roadmap for
technology to a production manufacturing process in the heavily regulated Atempt AtA Reguiatoyy  Additive Manufacturing

. Guideline &
Aerospace and Defense (A&D) industry Standardization VERSION 1.0
. . - ) Document For AM '
¢ During the first decade of AM, inventors and pioneers developed process | Processes ANSI
parameters and machine mechanimgroving consistency, quality, and cost ’ ’ pleiere

¢ Industry began in earnest to explore the technology post 200€;priorities
were to understand the value, and test and standardize the technology

SLA* Process Patent

: . .28Ay3Q& CANBG ! &S h¥_aSilf Ther into- Largest 3D Printed
First Solid State SLA X ! - < e First Eptrinto )
Chuck Hull (3D Systems) FDM* Process Patent System Introduced AM On F15 Aluminum Pylon Thor-2 2 NTT RQa CAWN 4 JeCERgine Using Part Tested In Flight
1986 Scott Crump (3D Systems) (Boeing) Printed Pla}nbe, 46lb Drone  Av Eor production Parts 1St >;W197 (RR)
(Stratasys) 1996 2001 (Airbus) Geared Turbo Fan (P&W) 015
1989 2011 7=

Today

g7 /Wf‘(

Ef .
__ ¥

DMLS* Introduced

o

STEREOQOS Series

GA@ The First FAA Cleared
Hans Langer = 3D Printed Part For A
SLS* Process_ Patent (EOS) Introduced First 3D Printer Wt NA y u ¢ KS CtSSuQ Commercial Jet Engine
Carl Deckard, Univ. Of Texas (EOS) <$30K Introduced Initiative Kicked Off GAO Recommended
1989 5 Prototype Parts For Osprey' ' a1ve RICKE ; Compressor Inlet Temp
1987 MdphnQa (Stratasys) p prey (US Navy) DoD Systematically .
(Bell Helicopters) y Track AM Efforts  O€Nsor: GES84B (GE)
2002 2014
2005 2015 2015
: . : Process Development &
Process Invention Machine Development Industry Exploration o
Standardization
FAI RMO NT Sources: University of Texas, 3D Printing Industry, OEM Public Announcements, International Materials Review, Opere8alsrce Mat
*Process Acronyms Defined Later In Presentation
CONSULTING GROUP

4




Additive
Manufacturing:
Outlook &
Implications

AM Has Wide Applicability Across A&D
AM Addresses Similar Challenges Across A&D Sectors; Market
Differences Will Drive Unique Applications And Penetration Rates

Across the Aerospace & Defense industry, markets deal with a number of similar issues: improving
system performance & quality while decreasing system weight, complexity, & cost. Regulation
and certification is a common trait throughout the the A&D industry

Despite the challenges, Fairmont believes AM will significantly impact all sectors of A&D over the next decade

Industry Unique Characteristics

/ Defense (Non Aero)
A Timelinessis a critical factor in

Is long term goal
A Hyper-local having the ability to

kpart creation without tooling

defense supplies; real time productio

produce components on an aircraft
carrier,at a FOB, or in the back of a
JLTV opens up incredible opportunit)
A Aged assetgdlemand replacement
parts that are out of production &
very expensive to restart; AM enable

~

J

/ Aerospace \

A Commercial and military aerospace is a
natural fit for additive manufacturing
within the A&D market because of the
balance betweenrafety and efficiency

A Aircraft haveregular & controllable
maintenance visitswhere new
technologies can be monitored

A Volumes are relatively lowwhich
makes cost tradeff reasonable vs.
traditional machining processes

\ )

/ Space \

A Risk aversionis the greatest in the
Space community and will push
against unproven technologies

A Flight experience, or O her
critical, but the inability to inspect
space vehicles after use will work
against AM&ds wuse

A Production volumes are the lowest
in the Space industry which support
AMds use for part

\ traditional manufacturing methody

[v)
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Additi ayn .
vanutactuing: | Addlitive Processes Comparison

oulook& | AM Offers A Paradigm Shift For Component Manufacturing

Implications

¢ Additive manufacturing is a paradigm shift in the manufacturing industry

¢ By building material layy-layer vs. removing materiatibtractivelyAM enables designers and part manufacturers tc

address challenges in novel ways

¢ As aresult of the process, AM enables organic & complex design shapes, internal structures & cavities, and

reduces resulting scrap material

Manufacturing Process ComparisoRdditive vs. Traditional

Part Model  Manipulated Manufacturing Final Part  Resulting
Material Process Scrap

Additive
Manufacturing

4 g

>
=
5

Traditional
Manufacturing

AM relies on powder materi al s s .

additive nature of the process naturally results in significantly less
material waste, or scrap, upon part completion

Manufacturing Process Comparison; source: CSIRO Manufacturing; Fairmont Analysis

Additive Manufacturing Process Example

Roller

Powder Faxsgecftti:;
delivery i Object being
system \ fabricated

I
Powder delivery piston ‘ Fabrication piston

DMLS Process; source: Inside 3D Prin
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Sources: Fairmont Analysis; Metal AM, Inside 3D Printing, Open Source Materials 6



Additi .yn
vansiaconng: | Additive Processes Landscape

owoox® | Powder Bed Processes Vying For Production Quality Aerospace Uses

Implications

A number of AM process groups have emerged with aerospace relevancy each with their particular uses; multiple
processes have developed within each category competing on market space (cost, speed, quality)

AM Process Landscape >
. Metal Polymer Other Signifi
(PI‘OCGSS Group / Sp@lelC ProceSS NameS) X Material Applications Aerég/:];)g?cnattion
o0 Typical Uses Group Characteristics & Benefits
POWdQI’ Bed _ “Powder Bed Fusion (PBF) processes all useqalhié/atB?neﬁ@'
A Selective Laser Melting (st Producti sourceiaser or electron besi) melt alloy powder.| Anexpensive for
A Selective Laser Sintering (SLS))D roauction PBE is currentlv snest investigated for metal apps
A Direct Metal Laster _Sintering (DML Parts ; M |>': le or g tented. n r%&l\/la_ny material
A Electron Beam Melting (EBM).f aero uses. uluple processes patented, NdN@ptions -
\has yet to emerge as universally superior. | AQuality Y ©
Other Additive Processe® /A number of additive processes have been Relative Benefits: g
A Cold Spray Technologyls developed to build new material on top of ﬁtscar‘]'ab:e @
A Laser glagding g Part Repairs & Part exis_ting components. T_hese processes are ﬁceacnr:;(())r?t%l é
A Directed Energy Deposition Kfeature creation to reduce bupAfly ratios structure D S
<
Material Extrusion ® @ (" Rather than using powder as the substrate| Relative B_enefi@: 8
A Fused Deposiion Modeling (FOM Polymer material extrusion adds solid material throu gzig‘osl;‘r':]eer;sg‘r’ices\ =
. . $ &}
A Fused Filament Fabrication Production Parts nozzle continuously under pressure. _It is only 8
A Composite Filament Fabrication \used for polymer and soft metal applicatior)s. ) =
Light Polymerize(j ( These processes solidify quuiq photopolymeigsggse?ye?gti@
A Stereolithography (SLA)‘i‘* Prototyping with US .|Ight laybylayer. Heavily used for Aligh acouracy
A Digital Light Processing (DLP) __ prototyping. ASmooth finish

Sources: Loughborough University, Inside 3D Printing, Fairmont Analysis
FAIRMONT 7
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Val ue | s

Additive What Challenges Exist To AM Penetration?
Vandfacing: | A MGs Gr eat est
Implications

Chall eng

Time Needed To AddressFlight Critical, Large, & High Volume Parts

] Implementation Challenges:

Specific Challenges For Critical, Large, & High Volume Parts

T Challenges To Flight Critical Parts

A Process capability & repeatability
A Material definition
A OEM & regulator confidence
(demonstrated experience) -
A Printing resolution
@ Inspection method maturity v
Turbine Blade

Challenges To Large Parts _—"

A Printing machine envelope
A Higher axes printing capabilities;
unconstrained envelope processe

A Machine cost ’

N Criticality

5‘16 Aircraft Wing
Part Qﬂo,,,,.l), Challenges To High Volume Parts
Characteristics A Machine speed \

A Process controlwithin
& between machine

A Supplier capacity /
machine install base siz

/ General Challenges \

A Entry points (new platforms)

A In servicedata collection /
experience

A Design process exposure

A Production & testingtandards

A Inspection development

A Current supplier contract
expiration

A Traditional manufacturing
advancements (cost & quality)

Q/Iaterial advancements /

Solutions accelerate
implementation across
part categories

X0

Specialty Fasteners

A host of challenges
exist which will slow
AMOs penetr

Part Specific challenges
exist based on their
criticalityo the system
sizeandproduction
guantity

General challenges exist
that will delay AM overall
in A&D

Specific to the aerospace
industry,entry points or new
product introduction (either
engine or aircraft) are critical
to the penetration of AM

Fairmont expects the next
wave of clean sheet aircraft
design (beginning ~2025) to be
a major growth point of the
technology

Regulation drives the A&D
industry to be highlympirical
(operational experience &
data) which takes time for new
innovations to develop

FAIRMONT
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8



Additive

vanufacturing: | VW@t Parts Are Likely To Be Impacted?
oulook& | Safety Concerns & Financial Returns Will Drive Timing Of AM Impact

Implications

¢ AMiis likely to penetrate specific part categories in a predictable way based on the previously described challeng

Boeing produced a production trim & drill tool for the 777X in 2016 (a first of its kind); Leo Christodoulou, a Boeingadjrect
suggested OAM wi l |l domi nate toolingd6 citing AM reduced t

¢ Ultimatelysafety concerns & the business case will dictate the penetration rateof this technology in the industry

¢ While the next big AM wave is expected post 2025, OEMs will continue to slowly integrate AM into their product |
with targeted uses

Features & Tooling Non Flight Critical Specialty Legacy Flight Critical
.5 Repair Components Trials Parts Parts
o - —
Q o / \
= tﬁ‘; PE— )
3 < KA v
© A N\
9 ) NSF
Q
©  Largefeature rich Difficult to machine  Relativelyexpensive & & Onoef gafisand 6 Out of p r oGlical partoanedikely
|‘_U parts tools heavy parts trials low volume parts last to be AM produced
Most Vulnerable Relative Part Vulnerability / AM Impact Timing Least Vulnerable
g Producing features Tools can take a AM can drastically Tests & experiments  Suppliers make high  When AM processes
o with processes like significant amount of reduce weight or drive demand for  margins on legacy parisare approved for critical
§ laser cladding, cold  time to produce and complexity by reducing unique parts, which wher e t ool i pads, tiielindustky wild
5 spray reduce price are extremely costly part count are at high margins their position be disrupted
o Part Price Market Market Supplier Margin =~ Supplier Margin Market
A Impact Disruption Disruption Impact Impact Disruption
FAI RMO NT Sources: Fairmont Analysis, 3D Printing Industry, Industrial Laser Solutions §
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Additive
Manufacturing:
Outlook &
Implications

Adjacent Opportunities & Market Risks
Complementary Technologies Likely To Ride / Enable The AM Wave;

Market Risks Exist That Could Drive Penetration Set Backs

Beyond the direct technology development, there are a number of enablers and
limiters to this technology which can come in the form of complementary
technologies, market events, or industry behaviors

4 Enablers

Complementary technologies & events that accelerate pe

A Alloy Development

A Computing Techniques
AAM enables organic desig
designers to create; new computing techniques and a
design software will grow to compliment human desig

A Quality Inspections

require significantly different inspection methods

A 3D Inspections
A The combination of 3D inspection and 3D printing cre
dynamic rengineering opportunities

\_

~

A Material development is going to be a primary enabler
to address many applications, particularly in aero engir

A Many AM designs are hollow or lattice type designs whjch will

J

rLtratior

Df AM
es

s t

n

VS.

aje

-

ufomatedi

~

Limiters

Events or industry behaviors that will limit penetration reite

A Regulation
A The FAA is concerned about the lack of standards whi

limit their ability to approve AM processes

0Studies have identified over

for a given AM machine to produce stable and repeatable pajfts,

h agbmor@tfatiBg arfliicréaged rigk to khd aerdspade indusBy @@ ¥
of adeqgu afFAA Rolicy Natieer NI8960.391

A In-Flight Failure
A Should a public failure occur due to an AM part early in
technology roll out, look for a significant impact to pene

A Military Risk Reduction

h

~

B

the
frat

A The military is continue to drive down costs by requirin
mature technologies on new platforms; a lower risk tol

)
rar

may slow AM penetration in certain defense market ardas

\_
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Additive Supply Chain Impacts

Menuacuring: | 2nd And 3'd Tier Are Most At Risk; Part Vulnerability Review And
implications | Mjtigation Plans Should Be Considered

. Major SubSystem Integrators
¢ AM processes will have

very significant impacts
on todayss A& De=MTsyRISH

chains ’
Honeywell (‘
Aerospace @Tu
¢ Mid-Tier suppliers will

be most impacted based

Lowest Near Term Impact

Top tier system providers are likely to be following the lead of
OEMs and making their own evaluation of how to best utilize AM

Major integrators and risk sharing partners are likely to be urged
by their partner OEMs to reduce costs, weight, and time to
produce via AM processesitegrators that can not build AM
competency or an AM supplier base will be at risk for future
opportunities on next generation platforms

on product portfolio Component Manufacturers

Market analyses and
customer interaction ’
are recommendedfor Senior

Highest Near Term Impact

Mid to lower tier component suppliers are more likely in the cross

hairs of the market disruptiomew processes will mean re
evaluation of make v buy decisions & supplier selection

(Advanced Atomization Technologies) to use AM to produce fuel

these suppliers to Aerospace Parker Aerospace proqctively Workeq with GE through a joint venture
identify risk areas early v . e My .

lis]

nozzles; this technology enabled Parker to maintain this product line
and serves as an example for traditional suppliers on how to mitigat

the risk of parts being transferred or-isourced

¢ Mitigation actions exist _ _
for all supplier levels and
should be evaluated

based on current and R~ AQA
forecasted position N e

2 boncAasTERS {%ATI

0

Medium Near Term Impact

Ultimately there will be alow transition away from tradition
material sources to powder materials due to AM process

The impact will initially be relatively small compared to the size
of these consolidated material providers, but will begin to
erode their revenue base if no actions are taken to penetrate

the powder material marked many of the largest material
providers have already made organic developments or
acquisitions to build capabilities with AM powder metallurgy

FAI RMO NT Sources: Fairmont Analysis; Aerospace OEM Announcements, Open Source Materials
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Additive Merger & Acquisition Activity (Machine & Material Providers)
Manuacing: | Significant M&A Activity Within The AM Industry; GE Stands Alone As
mplications - An OEM Acquirer While Others Developing Capabilities Organically

Acquired AM Companies Since 2012

Consolidation in the Buyers Noted For Aero OEMs & Emerging AM Conglomerateg Al 'e"?‘s.t.43
" : acquisitions have
Addltlve ManUfaCturlng occurred in the AM

i industry since 2012
sector has begun, but still (86 highlighted below with

has a |Ong way to go buyer noted for key deals)

A total deal value of
~$9.5B (publicly
announced on 21 deals)
EV ranging from 1.2X
12.1X on Revenue &
8.9X-20.5X for EBITDA

¢ GE has emerged as
an AM industry
leader via M&A

Other noted aerospace
OEMs discuss
developing technologies
organically and have not
made large acquisitions
for AM capabilities

¢ Traditional
material providers
are establishing
AM footholds

Sources: Fairmont Analysis; DARIShlersAssociates, OpeBource Materials
FAIRMONT 12
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