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L PROJECT HISTORY

What is now called the “I-41 Corridor Region” of Wisconsin spans from Green
Bay at its northern edge to Fond du Lac on its southern and includes the additional
communities of Neenah, Menasha, Appleton and Oshkosh (Region). As the state’s third
largest population center, it is an important part of Wisconsin’s economy. The Region
has a long history of industrial activity and still ranks at the top of the country in terms
of manufacturing jobs per capita. (Source: EMSI: “The states where manufacturing jobs
matter the most”, September 2, 2013). More than 20% of the Region’s workers are
employed in manufacturing, the most of any industry, and the industry has also
reported the largest gains in job growth over the past five years. (Source: Economic
Overview 1-41 Corridor, July 2015).

The area has been historically known as the “Paper Valley” because of the
location of many paper and pulp mills in the Region. This industry provided many
needed jobs over the years, but that industry has changed considerably in the last two
decades with consolidation driving much of this industry overseas. (Source: World Pulp
and Paper “Consolidation in the Paper Industry” 2015).

The Region’s pést is in paper and lumber, but the strong manufacturing economy
can serve as the base of a future in high tech industry - in particular aviation and
aerospace. The idea of fostering the development of aerospace and aviation businesses
in the Region is not a new one. Many have long believed the Region is uniquely
positioned to foster business in this industry, due to incredible assets such as the world
headquarters of the Experimental Aircraft Association (EAA) and the annual
AirVenture fly-in, a network of four airports with a wide array of services and facilities,
aviation education programming at Fox Valley Technical College (FVTC) and the
University of Wisconsin Oshkosh (UW Oshkosh), a strong workforce and established
supply chain - and an already existing aviation business cluster.

Beginning in 2009, an Oshkosh-based economic development organization,
Chamco, recognized the need to diversify the local economy and began efforts to

establish an aviation-focused business park at Wittman Regional Airport in Oshkosh




and develop an aviation/aerospace focused business cluster. The Chamco Aviation
Development Committee was active in furthering the aviation cluster initiative until
December 2014, when Chamco transferred its economic development responsibilities to
a new economic development organization serving the Oshkosh area - the Greater
Oshkosh Economic Development Corporation (Greater Oshkosh EDC). The Greater
Oshkosh EDC Aviation Development Committee (Aviation Development Committee)
took over Chamco’s responsibilities to provide oversight, direction and leadership to
the aerospace cluster development project.

The wisdom of the idea of advancing the development of aviation/aerospace
businesses was also embraced by UW Oshkosh as it founded the Aerolnnovate
program in 2008 to foster innovation in aerospace and aviation. Further bolstering the
idea of fostering aviation/ aerospace business development came from several economic
development studies conducted in the Region over the past five years which concluded
that aviation should be an industry of focus (summary of these studies is found at
Exhibit A).

The state of Wisconsin has also been supportive of the development of an
aviation/ aerospace business cluster as one of four priority cluster industries promoted
by the Wisconsin Economic Development Corporation (WEDC). WEDC is also working
with industry to establish the Wisconsin Aerospace Partners (WAP), an industry-led
organization with a mission to foster growth in the Wisconsin aviation/aerospace
industry. Wisconsin’s Lieutenant Governor, Rebecca Kleefisch, chairs the
Manufacturing Committee of the Aerospace States Association and has been a strong
advocate for the industry.

Grants from the U S. Economic Development Administration (EDA) and the
Department of Defense, Office of Economic Adjustment (DoD-OEA) have provided
funding support for advancement of the aerospace cluster initiative. Hast Central
Wisconsin Regional Planning Commission (ECWRPC), with Chamco, the City of
Oshkosh and UW Oshléosh, successfully applied in 2012 for the City of Oshkosh to

receive a $2,000,000 grant from the EDA to provide funding assistance to put in
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necessary infrastructure at the Oshkosh Aviation Business Park. In 2013, following cuts
in defense spending which resulted in the loss of more than 2,000 direct jobs at
Oshkosh-based Department of Defense contractor Oshkosh Corporation and hundreds
more in the regional economy, the region was awarded a planning grant from the
Department of Defense Office of Adjustment’s ORDIDI grant. ORDIDI stands for
‘Oshkosh Regional Defense Industry Diversification Initiative.” The purpose of the grant
was twofold: One, to provide direct assistance to suppliers and employees in Oshkosh
and other impacted communities in the surrounding area; and, two, to assist with
economic diversification efforts already underway. One such diversification effort was
the aerospace development cluster project. A portion of the ORDIDI grant was
allocated to provide funding to conduct an aerospace cluster study in Oshkosh (and
develop this associated business plan). Supplemental funding was secured in 2014
from DoD-OEA to expand the study to include the communities of Green Bay,
Appleton and Fond du Lac - the four communities in the region with airports, aviation-
focused business parks and a desire to build an aerospace business cluster (Project
Partners). The aerospace cluster study’s objective was to assist the Region with
determining which areas of the aerospace/aviation industry to focus efforts, based on
industry trends, market opportunities and assets in the Region to support the cluster
development.

Explorer Solutions, an aerospace consultant based in Quebec, Canada, was
chosen following an RFP process to conduct the aerospace cluster study for the City of
Oshkosh. Explorer Solutions’ work provided much of the background industry
research that supports this business plan. Mid-way through the ORDIDI grant period,
the Aviation Development Committee and the City of Oshkosh determined Explorer
Solutions had provided all that was needed for the local project partners to take
ownership of the creation of the cluster development strategy and business plan.
Greater Oshkosh EDC was hired to complete the study process, which in turn hired
NextJen Studios to provide additional industry specific research to supplement the

Explorer Solutions work. The City of Oshkosh also contracted with Elizabeth Hartman,




former CEO of Chamco, who has been engaged in the aerospace cluster development
project since 2009, to coordinate completion of this business plan.

Throughout the study process, the Aviation Development Committee has
provided oversight, direction and leadership to the cluster development plan. A listing
of the members of the Aviation Development Committee is found at Exhibit B.

Based on the research provided by Explorer Solutions, the Aviation
Development Committee concluded that the I-41 Corridor Region was well positioned
to focus on fostering growth in Maintenance, Repair and Overhaul (MRQO) in the short
term (the subject of a separate business plan) and Aerospace Additive Manufacturing
(Cluster), as a long term strategy for the Region. The background research provided by
Explorer Solutions supporting the Committee’s conclusion is attached at Exhibit C.

Below sets forth information on acrospace industry trends in aerospace additive
manufacturing, local research, regional assets, Cluster development strategy and

Cluster operations.




I1. INDUSTRY TRENDS IN AEROSPACE ADDITIVE MANUFACTURING
Additive manufacturing (AM) is a manufacturing technique that builds three
dimensional objects from an electronic data source layer by layer using materials such
as polymers, metals and composites. There are several different techniques including:

o Direct metal laser sintering - AM technique that uses laser as the power
source to sinter powdered material;

¢ FElectronic beam melting - AM technique that fully melts the metals using an
electronic beam as the power source; and

¢ Fused deposition modeling - FDM machines deposit ABS or another type of
thermoplastic through a heated nozzle to form layers.

Aerospace has been an early adopter of additive manufacturing techniques,
particularly in prototyping and tooling. Many believe AM is the future of the acrospace
industry as advances in technology drive its use in the production of end-use parts.

“ Additive manufacturing will change the game forever by freeing engineers to design
parts without the traditional limitations imposed by conventional manufacturing.”
Greg Morris, Leader, Additive Technologies, GE Aviation.

e AM is currently used in concept modeling and prototyping, printing low
volume complex parts such as tooling, printing replacement parts and more
recently in the production of end-use parts.

e Potential future applications include embedding additively manufactured
electronics in parts, printing large parts such as aircraft wings, printing
complex engine parts and printing repair parts on site.

e There is significant future growth potential. The AM aerospace market is
expected to grow from just over $400MM in 2014 to $1.2B by 2023.

e While several significant advantages of AM have been validated, other
potential advantages are yet to be seen. In certain cases technology needs to
improve to realize potential, in particular with respect to materials.

o Demonstrated advantages include: reduced lead time for components,

ability to build complex designs not possible to build with traditional




means, ability to easily change designs, reduced tooling costs and
reduced waste
o Potential advantages include reduced component weight and reduced
production costs
o Issues that need to be resolved include demonstrating replication
accuracy, developing the ability to produce large parts, expanding the
use of materials that can be used (and bringing the cost down),
increasing multi-material printing capability and decreasing finishing
costs
Many believe AM will have a significant role in MRO operations when it
comes to the ability to replace parts on site without having to source them
from elsewhere (reducing aircraft downtime) and replacing legacy parts on
vintage aircraft that are difficult or impossible to find.
There is some skepticism and reluctance among some aerospace executives
about additive manufacturing, primarily related to lack of knowledge and
also due to the fact that some of additive manufacturing’s potential benefits
are yet to be demonstrated.
Aerospace engineers have also been challenged with the technology because
they do not have the tools, training or experience to produce geometrically
complex designs.
Some examples of AM use in industry:
o NASA used 70 AM produced parts on Mars Rover test vehicles
o GE |
= producing LEAP fuel nozzle by AM, reducing 20 parts to 1 and
creating a part that is 25% lighter and 5x more durable
* increasing its AM staff by threefold in the next five years
» developing dedicated AM facility for jet engine parts
o Lockheed Martin using 3D printed parts for satellite manufacturing

o Airbus




= installed thousands of AM produced parts on A350
= equipping the Test Bed 380 with an engine that has the Jargest
civil aerospace component ever built using 3D printing
techniques
o DBoeing
» installed AM produced polymer air ducts on F/A 18
= AM used in satellite brackets
¢ GKN Aerospace announced a three year project to develop a new titanium
powder specifically for AM aerospace applications.
¢ Many believe the adoption of the technology by the big players signals the
return on the investment is there. It is clear that the industry is moving
towards more widespread adoption of AM as technology improves and if
aerospace companies are not preparing to adopt it in some form of their
operations, they will be missing out on opportunities in an expanding market,
and may be left behind as other suppliers who are using the technology are
chosen.
(Sources: “3D Printing for Aerospace”, TCTMagazine July 2015; ” Additive
Manufacturing in Aerospace: Strategic Implications”, a SmartTech White Paper August
2014; “3D Opportunity in Aerospace and Defense”, Deloitte University Press 2014;
Explorer Solutions preliminary report (Exhibits C and D).




III. SUMMARY OF LOCAL RESEARCH FINDINGS
The following summarizes information from more than 100 interviews

conducted by Nextfen Studios of aerospace/ aviation companies operating in the
Region, at AirVenture and at NBAA (National Business Aviation Association), strategy
sessions of the Aviation Development Committee, with a focus on information
concerning additive manufacturing. The findings and recommendations are divided
into the following categories:

A) Workforce Development and Education

B) Supply Chain

C) Business Development and

D) Entrepreneurship and Innovation.

A. Summary of Key Findings - Workforce Development and Education

To support the Cluster activities, the Region will need aerospace engineers and
vesearchers. The Region has a skilled workforce and supportive aviation educational
programming but not enough engineering and research capacity.

1. Engineer positions were also downsized over the last 20 years as those jobs
were streamlined. The industry is now realizing that the engineering
positions create the opportunities for the skilled workforce. The US is far
behind some European countries in its engineering curriculum.

2. UW Oshkosh has a newly-created engineering technology degree program
with three areas of focus: environmental engineering, electrical engineering
and mechanical engineering. There is an opportunity (through partnerships)
to create a fourth emphasis on aerospace.

3. Because we do not have a comprehensive research institution in the Region,
we lack local capabilities to provide the R&D support an additive
manufacturing Cluster will need.

4. WEDC’s new program which provides grants to K-12 schools to equip “Fab
labs” with 3D printing capabilities provides opportunities to get students

interested in AM at an early age.




Recommendations

o Aerospace opportunities need to be a part of STEM programs - promote and
expand initiatives such as Fab Labs.

¢ More educational programming in AM for skilled trades and opportunity to
create tailored programming; opportunity for aerospace focused engineering

program at UW Oshkosh.

B. Summary of Findings - Supply Chain Status and Gaps

The Cluster will need a strong supply chain throughout the Region and state. Asa

whole, there are few issues with the supply chain operaling in Wisconsin, but while there are

sotte conpanies using additive manufacturing in their operations, most companies lack a basic

understanding of how it could tmpact the industry and their business and the best way to adopt

it.

1. Research continues to bring new materials to the aerospace sector en
masse. Composite aircraft have demonstrated their capabilities and
durability, as have glass cockpits. Several companies are focused on
bringing new materials to market. New materials will create new AM
applications.

2. A feature forum at NBAA conference was on 3D printing.

3. Overall there was a mixed response locally on additive manufacturing

+ Few local companies are taking advantage of these opportunities
due to cost or not understanding the technology
+ Concerns about meeting FAA regulations for materials and parts

Recommendation

¢ Increase AM education and outreach to businesses in the Region

C. Summary of Findings - Business Development

Given the long-term nature of this Cluster strategy, the Region will implement the

business development strategies in Phase II of the Cluster Project.
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D. Summary of Findings - Entrepreneurship and Innovation

The Region has sources of entrepreneurship and innovation but they need more resources,
support and better connectivity.

1. The Aerolnnovate program is a source of entrepreneurs and innovation.

2. Aerolnnovate and its entrepreneurs need additional resources to advance
innovation in aviation such as mentors, access to capital and a talent pool.

3. Existing companies in the Region/state which work in the aerospace
sector can also be source of innovation, i.e., Plexus. How do we leverage
these resources to help advance the Cluster? Companies in the Region are
not aware of the innovations occurring at other companies.

Recommendations

¢ Expand resources to support entrepreneurs working in AM - sources of
investment capital, mentors, talent pool
e Provide forum to bring aerospace companies together to showcase new

innovations, and developments in additive manufacturing
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IV. REGIONAL ASSETS TO SUPPORT CLUSTER EFFORTS AND GAPS

The 1-41 Corridor Region has many strengths and competitive advantages which
position it well for developing growth in AM in aerospace, but gaps exist which will
require resources and additional capacity to fully realize the Cluster’s potential.

A. Proximity to AirVenture. Oshkosh is home to the world headquarters of the

Experimental Aircraft Association (EAA), which hosts AirVenture every year,
For one week each summer, EAA members and aviation enthusiasts totaling
more than 500,000 from more than 60 countries, 800 exhibitors and 10,000
airplanes attend EAA AirVenture at Wittman Regional Airport in Oshkosh,
where they rekindle friendships and celebrate the past, present and future in
the world of flight. For one week a year, Oshkosh’s Wittman Regional
Airport is the busiest in the world. EAA calls AirVenture the “world’s largest
general aviation marketplace.” Many consider Oshkosh to be the “mecca” of
general aviation. This is an unparalleled platform to showcase AM
innovations.

B. The Region is supportive of innovation in aviation. Aerolnnovate at UW-

Oshkosh, first conceptualized in 2007, brings in aviation-related
entrepreneurs from across the globe that are establishing and growing
aviation-related businesses and bringing new technologies to the
marketplace. Its goal is to facilitate the alignment of innovators to develop
new aircraft, aviation products and services that will be commercialized and
create global opportunities in aviation. Aerolnnovate does this by bringing
innovators and entrepreneurs together and offering top-notch educational
forums, aligning the best companies with investors and industry leaders,
exposing technology through technology showcases and connecting aviation
related entrepreneurs to people and resources. Aerolnnovate recently
launched a comprehensive start-up accelerator program. Aerolnnovate could

be a source of new companies bringing AM technologies to the market.
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C. The Region has aviation focused educational programs but lacks engineering

programming specific to aerospace. As previously discussed.

D. The Region has a strong manufacturing labor force and aerospace supply

chain. The Region has a long history as a manufacturing hub with skilled
labor but this labor will need AM specific training.

E. The Region is committed to collaboration. The Project Partners have

developed a Memorandum of Understanding and Code of Conduct setting
forth their commitment to regional collaboration on Cluster development
(attached as Exhibit E). Many see regional collaboration as critical to the
Region’s economic development success. If the Cluster is to be successful it
will require collaboration at a comprehensive and sustained level. (See Green

Bay Press Gazette article also attached as Exhibit E).
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V. AM RESOQURCES IN AND OUT OF STATE

There are currently no established AM resources “in-state” with an aerospace-

specific focus. Included below is a summary of non-industry-specific resources that

could be engaged as future partners for our aerospace development objectives. The

out-of-state resources listed below are those which provide resources in AM

specifically to aerospace.

A. In Wisconsin

1. MSOE Rapid Prototyping Center: The Rapid Prototyping Center of the

Milwaukee School of Engineering (MSOE) is dedicated to the application
of new and advanced prototyping technologies, particularly 3D printing.
It is a consortium of industry members who help fund the Center in
exchange for prototyping and product development services. Its 72
members include Johnson Controls, Oshkosh Corporation, Precision Plus,
and Rockwell.

. FVTC Fab Labs: Fox Valley Technical College is part of the MIT Fab Lab
network with the 17t Fab Lab in the world. The lab focuses on helping
students to generate interest and development talent; inventors with
design and prototype services; and with R&D departments of businesses
to gain them access to equipment they may not otherwise have. The Lab
is equipped with a state-of-the art 3D printer and associated equipment.

. UW Madison Advanced Materials Industrial Consortium: UW Madison’s
AMIC gives commercial partners the opportunity to collaborate with
faculty and students in advanced materials research across campus
through programs such as the AMIC Seed Program (short term
collaborative projects which seek to find commonality between industry
needs and academic expertise) and the AMIC Industrial Fellows Program
(where industry can send a fellow to campus to complete a research

project with faculty and staff).
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B. Qutside Wisconsin

1. Pratt & Whitney AM Innovation Center (Connecticut) is a partnership
between P&W and University of Connecticut to build a $4.5MM state of
the art facility with goals to develop metal and train engineers and
designers in AM for aerospace.

2. GE Additive Development Center (Ohio) mission to “lead, explore and
advance industrialization of 3D printing, by proving out designs,
techniques and procedures that, over the next decade, will redefine,
reinvent and reimagine manufacturing at GE Aviation, the GE corporation
and the industry as a whole.”

3. Defense/ Aerospace Supply Chain Manufacturing Technology
Acceleration Center (Texas) is part of national initiative to bring together
teams of experts in specific technology and supply chain areas to offer
services and deep expertise in order to improve small U.S. manufacturers’
supply chain competitiveness and the rates at which they adopt

technology. AM will be a key component of MTAC's projects.
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VI. CLUSTER DEVELOPMENT STRATEGY

The Project Partners have developed the following strategy:

A. Phase 1: Build capacity for the Cluster

1. Dedicating staff to Cluster development
2. Fostering entrepreneurship and innovation in AM by
o increasing access to capital with aerospace investment fund
o increasing the mentor and talent pool for new companies
o getting established companies together to share innovations -
i.e., additive manufacturing symposium
3. Building the workforce by
o getting students interested in AM by partnering with K-12 and
building on programming such as the new Fab Labs program
o working with FVTC on AM programming for skilled labor
o explore possibilities with UW Oshkosh & Northeast Wisconsin
Education Resource Alliance for aerospace engineering
technology degree
4, Educating the supply chain about AM
ohold educational forums featuring AM such as additive
manufacturing symposium
5. Fostering connections between companies and AM resources in and
out of state (see Section V) and populate the New North Supply Chain
Directory with companies identifying their AM capabilities
B. Phase 2: Develop the Cluster
1. As part of the effort to build the MRO Cluster, the Region will build a

network among the aviation-focused business parks located on the
four Partner Airports - Wittman Regional Airport, Fond du Lac

County Airport, Appleton International Airport, Austin Straubel
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International Airport - with an AM focus through regional
collaboration and joint marketing efforts.

2. After Phase I, the Cluster will engage in business development efforts.
VII. CLUSTER ORGANIZATIONAL STRUCTURE AND OPERATIONS

A. Governance

Regional Aerospace Development Council: This is a body to-be-created to provide
governance and oversight to the cluster development activities. Fach Project Partner
shall designate a representative to sit on this Council with voting rights. The
Council may become a committee of the Wisconsin Aerospace Partners, once it is
formed, so long as WAP has as a strategic priority developing the regional cluster
and staff dedicated to the effort. Staff dedicated to the cluster development may
report directly to the Council, or to WAP. The Council may form the following
subcommittees:

1. Business Development and Marketing - to communicate the importance
of aerospace and technology as a priority for business, economy and
community and assist current businesses with identifying new
opportunities in aerospace and attracting new aerospace businesses to the
region.

2. Education and Workforce - to foster education and growth of science,
technology and engineering related to aerospace and ensure we have an
educated and skilled workforce available for the aerospace industry.

3. Entrepreneurship and Innovation - to foster the growth of new companies
and innovation in aerospace in the region and make connections between
industry innovations and opportunities.

B. Staff. Initially it is anticipated that a dedicated staff person with expertise in
acrospace will serve as the point person to execute Cluster activities. Asthe
Cluster grows, Airport Directors and local economic development
professionals will provide assistance with marketing, prospect handling and

tenant relations.
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C. Strategic Partners

1.

o o® NS oA W N

Alirports, cities and counties in the Region

Economic development organizations in the Region

Fox Valley Technical College and UW Oshkosh

Wisconsin Economic Development Corporation

Wisconsin Aerospace Partners

Aerolnnovate

AM resources in and out of state

Hast Central Wisconsin Regional Planning Commission
Department of Defense - Office of Economic Adjustment (proposed

funding source for some of the activities outlined in Section IV)

D. Budget
A three year budget for the Cluster is attached as Exhibit F.

E. Success Metrics

1.

2,

Short term.
e FEstablishment of partnerships with AM resources in and out of
state
¢ Increased awareness and adoption of AM in the Region among
aerospace suppliers
¢ AM symposium
o Development of additional AM educational programs in the
Region
Long term

o Number of businesses starting, expanding, and locating in the
Region as part of the Cluster

¢ Number of FTEs employed by businesses in the Cluster

o Growth of existing businesses in the Region due to Cluster
activities

e The Region being recognized as a AM resource

e A more diversified Regional economy

o The “Paper Valley” of the past is transformed into “Aerospace
Valley”!
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APPENDIX

Exhibit A: Summary of Economic Development Studies
Exhibit B: Aviation Development Committee

Exhibit C: Explorer Solutions Preliminary Report, select pages
Exhibit D: 3D Printing and Additive Manufacturing Articles
Exhibit E: Regional Collaboration information

Exhibit F: Budget
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Exhibit A: Summary of Economic Development Studies

conducted in the Fox Valley Region

From 2010 fo present with conclusions related to development aviation businesses

The Garner Economics “Ignite Fox Cities” 2011 Economic Report commissioned to identify
regional assets for targeted industry development recognized the Fox Valley Region as having a
unique and strong presence in the Transportation Equipment Manufacturing industry (NAICS 336),
which specifically includes Aerospace Product and Parts Manufacturing (NAICS 3364). This report
suggested that the existing skilled labor pool and supporting infrastructure offers a solid competitive
advantage over other locations. Aerospace is a recognized industry cluster emerging in the Oshkosh
area which ties into Transportation Equipment Manufacturing. For this reason, the Oshkosh
Aviation Business Park is tailored specifically towards Transportation Equipment Manufacturing
industries, specifically the Aerospace industry.

The Northeast Wisconsin Global Trade Strategy is another recent regional study suggesting
that further research on the Transportation Equipment Manufacturing cluster would be valuable to
the Northeast Wisconsin Region. East Central Wisconsin Regional Planning Commission (ECWRPC)
partnered with Bay Lake RPC and Newmark Knight Frank (NKF, economic consultant) to focus on
how Northeast Wisconsin can leverage its core assets and overcome weaknesses to increase exporting
capabilities to key foreign markets. Funded in part by an EDA-TAA grant, the Global Trade Strategy
identified the Transportation Equipment Manufacturing cluster as an area that merits further
research and disaggregation.

The Oshkosh Area Targeted Business & [ndustry Cluster Analysis, funded in part by an EDA
Local Technical Assistance grant, provided research to identify components of company and industry
specific issues, scenarios, strategies and actions to be taken to address potential contributions and/or
losses within the local economy. They have collected data and conducted interviews to provide
specific insights into the potential expansion and growth of existing industry clusters and the current
and potential interrelationships between individual companies and industries within the cluster.

Aviation was identified as an industry cluster of focus for the Oshkosh area.




Exhibit B
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ORDIDI Aerospace Cluster Committee

Planning Grant Co-Chairs: Meridith Jaeger & Elizabeth Hartman

Tasks/Responsibilities: Responsible for ORDIDI Planning grant deliverables as it relates the
development of the regional Aerospace Cluster short term & long term strategies. More of an advisory
group — not hands on.

Committee Members:

Tom Miller (miller_tw@co.brown.wi.us}

Abe Weber (weberaj@co.outagamie.wi.us)
Allen Davis adavis@ci.oshkosh.wi.us

Al Hartman {hartman@uwosh.edu)

Audra Hoy {hoya@uwosh.edu}

Gail MacAskilt {gail.macaskill@wedc.org)
Dave Chaimson (dchaimson@eaa.org)
Elizabeth Hartman (hartmane @uwosh.edu)
Jason White (Jason.White@greateroshkosh.com}
Jennifer Jensen (jennifer@nextjenstudios.com)
Melissa Hunt {melissa.hunt@wedc.org)
Melissa Kohn (kohn@fvic.edu)

Meridith Jaeger (meridithjaeger@gmail.com)
Peter Moll (pmoll@co.winnebago.wi.us)

Deb Heath (heath@fvtc.edu)

Eric Fowle {efowle@ecwrpc.org)

Greg Keil (gkeil@ci.menasha.wi.us)

Kara Homan (kara.homan@outagamie.org)
Pat Tracey {ptracey@atwairport.com)

Sam Tobias {sam.tobias@fdlco.wi.gov)

Sarah Van Buren {svanburen@ecwrpc.org)
Steve lenkins {steve @fcedc.com)




Exhibit C

22




1noMoauu0) Jo AlsiaAlun ayl yum diysseuped ui ge| NV e pausdo sey ASUNUpA @ Held -

sued auibus 13l snolea pjing o} bunuud
ac Buisn jo shem Buisinsp diom e Ajuaiund si UOISIAIP aoedsolse |IND S00A0Y S||0Y -

‘SSaUBANI2dWOD 2injny Jo) 10J08s AsY e se sassaooid [\y-|e1ew sass ‘Ued syl Joj ‘buisog .

-swielboud yelosoeds Joj sued Jsbie] yonw aonpolid o} ABojouyos} sy} asn 0} sue|d
Auedwoo ayy :Buunioeinuew aanippe Bulhojdsp Ajonissaibfe s| "dio) uliely PS|YNo0T] -

-Jeak BuWoo By} J8A0 %00S Uey} alow Aq
azis ul puedxs o} psjoadxe osje s| HO ‘lfeuuiduly ul Jsjusy ABojouyds| SAlIPPY S.UONEINY
39 v ‘uingny ul sued auibus 1ol 10 Ajjioey Y pejeoipep ‘obie| 3siy s @oedsolse
dojensp 0} sueld osje } NV Ul pazjjeoads saiuedwod om} palinboe Apusdal sey 39 -

‘31800 anes pue Jybiam sonpal ‘ss820.d
uononpoid gjBuis e ul sped xo|dwod ainjoejnuew o} ajsed 1se} Aian e je Huunjoejnuew
onjippe Bundope st Ansnpul eoedsolee 8yl ‘pazijesl Buiaq isnl Auo aie sailigissod
s ABojouyos} sy} ‘siousiul pue ssulbus 19[ 1o} padojansp ale sued }siy sy} se ‘uoneuibewl
s Ansnpul painides sey ‘Buunjoejnuews Jg Se umouy Osje ‘(WyY) Buunjoejnuew SARIPPY

spuail

43 ¥y o1dX 3

~ Buunjoejnuely SAINPPY




Asuiyoew ABojouyos)] Y Jo Auoeded sjel uoljonpold sy} asealdu] .
o|eos Jablie| e uo pue ajel Jaisk} e je sonpoud o] Alloeded ay) aseasou|
sued i1abie| aonpold

(-018 ‘sausodwos ‘saiseld
paolojuial ‘shojesadns asinjeladwsal-ybly ‘sjejowl) sjesjew msu o} ABojouyos) sy} puedxy .

sped |V |delns Jo Jaquinu ay} asealdul pue Ausp] .

:A|jeayioads a0y “spasu onioads s Asnpul aoedsoise ay) Buissaippe ul 81| sefjiunyoddo
jueoyiubis Y wolr weusq Ay ueds sped asn-pus pue suoljelsdo  Buunjoejnuew
sleym seale syl AljUspl pue puejsiepun 0} spasu } aloym juiod e je si Aisnpul syl

‘Aysnpul pajeinbai Ajasojo e
S| yolym aoedsolse ul Ajjenonued ‘uswdojeasp pue yoleasal alow }o| B alinbai |jim uononpoid
ssew Joj I Buisn jng ‘joor BuidAjojoid s|qixa)} puUE SAOSYS }S0O B Se pasn jsow Ajussaid
sl NV “paJinbas ag [im Juswdojeasp pue Bulss) ‘Yyosessal Jo sjunowe jJuedliubis ‘sssjayusAsN

/102 Iun (49vD) Sjel ymolb [enuue pspunodwod %G ¢l e
Je asealoul 0] pajoadxa s ‘Uoljjiq Z$ yuom Ajjuanind ‘jexlew sy Jebueyo aweb e si1 U :Asnpul

soedsoloe sy} aziuonnjoaal o} [enuajod sy} sey NV eyl saibe e siainjoejnuew pue s3I0

Aunuoddo ayy

~ Buunjoejnuely sABIPPY




o G Taee s T h A e e e e e e e = |
wniuellj = Vid LdOS =
shojje [92IN = ajeuoqieodfjod —Dd =
sAoj|e }jeqo) = |joyooje [Auinfjod -YAd =
|oa1s ssojuIelS = pioe onoejAjod -y1d =
|991S = aualf)s sualpeing a|juojfioe — Sgy =
Bulnjoejnuew
:Buimo||o) sy} spnjoul SAllIppe Ul s|elsjew pash
Bunuud g ul pesn sjejaw ayj Jo swoSs Aopim 1sow ay} Ajjualino ale solse|d
S|elsN sJljse|d
sanse|d ‘0}

pajywi| 1o6uo] ou aJe Inq ‘epnjoul BuninjoeiNUBW SARIPPE Ul pasn Ajualind s[eldeN

|0J]U09 JojndWod JapuUN UMOP Pie| SJe [elsjew Jo sioke| 9AISS820Ns Yoiym Ul sassaooid
sAppE Ybnoiyl soinos ejep djuosds|e ue woly adeys Aue jsowie Jo 109[qo [euolsuswip
984y e Bunjew jo sisisuod — Bunuld g se 0} pailsjal Uusyo — (WY) Bulinjoejnuew aARIPPY

~———uoniuyag e :burinjoejnue\l SANRIPPY

4 3 ¥4 0 1dX 3




ot

aouejsisal jJeaH » yibuang » Aoeinaoe ybiH »
‘suoneoijdde uoneiae "saiadoud |esiueysow
pue aJedsosoe 1o} 3|qeuns Buoss IETER)YC) pue Ajijenb

way} bHBupjew ‘saiuadosd
jueplejas ally pue adue)sisal
jeay 419y} 10} umouy aJe
INd4 ul pasn sjeusjew ayL

‘s19Ae] syl wloy 01 9jzzou
psieay e ybnoliy; onsejdowiayl
lo adA} Jsyjoue Jo opseld
Sgv usodsp sauyoew NS

Alpwallxa pue  ‘93lj-pIoA
‘asusp AJn} aie sanbiuyosa)
Bupjew pue KNg3 yum
peonpoud sued ‘sAQ MuUN

"90JN0S Jamod 3y} se weaq
uoJosje ue Buisn (Jjeqoo pue
wniuell AjeoidA}) sjelsw a8y
sysw Ajny jeyr enbiuyos) AV

9oeuns poob  ‘uonnjosai
pajiejap pue Koeinooe
ybiy yum sued BHBuionpoud
‘ssao0ud adeys-jau v

(lelaw
AjleaidA})  |eusjew  paispmod
Jajuis o} 99oinos Jamod |y} se
Jase| e sasn jey) anbiuyosy NV

(ng3a) (STINQ) Bunsyuls
Jase| |ejaul }Joaliqg

(lna4d) Builepoy
uonisoda( pasn4 Bunjey weag uoJ}os|g

- P ===

"sanijiqedes az|s pue Ajjiqeinp ‘saysiuly Bulayip aaey senbiuysal [y
‘e|[a4quin Burinjoejnuep aAINPPY 9y} Jopun [je} Jey] sessas04d snosswinu a4e ai1say |

~ Uomuyag e :BuinjoeinueiN 2ARIPPY

4 3 ¥ 01dX 3




Ansnpur eoedsosse
ayj ul ebejuenpe
Aoy e :Buines-jybrsp

¥SLI Ajquissse

Buronpa. Aqaisy) ‘sseooud
o/buis e ul seljquiasse
xajdwoo vonpo.id o) Aqy

bulinjoejnuew [euoijipe]

yym exeul o] Jinoigip eq pinom
jey] sjusuodwod psubisap
-Ajjewndo aonpoud o} AJjqy

Buinesg Jybiapn

)Siy
Ajquiassy aonpay

wopaald
ubisag asealou]

— wm.u._mm._cmm-}mv_ - Bulnjoejnuey sAIPPY

4 3 ¥4 01dX 3



syed pajuld-qg Joj suoneoljdde
BuidAjojoid ssedins Jej 0] pajoadxe sI sjonpoud |eul) Jo) sied Jo uononpoid sy

‘SanuUaAal Jo %6°s Ajuo psjussaldal
1l ‘€00Z U] ‘epimpliom sasuadxs |\ [B10]1 8yl JO 9%¢ gz Sjuasaidal Ajjuaiind pue
moib 01 senunuod syonpoud |eul Joy sued jo uononpoud ay) Jo) Y JO @Sn Sy e

¥ 3 ¥4 0o1dX 3



€T
EE—— 7| 0C ‘DUIYSIANG 19YIE YOSHBWS :$83IN0S S A S S ST
£20Z ZZ0Z TZ0Z 0207 610Z 8T0Z LT0Z 9T0Z STOZ YTOZ

= i 00
_ 0002
juswdinbg W 3
o= TR pouad £102Z-710Z @Y}
sietole - ﬂ ._u. 19d €20Z2-¥10Z Q.Sm W 19A0 YOVI %S°€L
SIEM0S u = ouz om0 ¥OVD %07 ™"
S92INIBS = ———— = — 00021

“_.wmom._on_ 125JEIN momawo;&( NV

N 40l siuswbas Buimolb

1S9]SE) ¢ 8y} JO BUO S @ONQwOLOJQ = £10Z ‘pHomsiq] ‘Buniesulbuz jo Awspeay [eAoy :$80iN08
‘BuLinioejnue\ SAlIPPY Jo) suonesijdde (e1BWIISE DAIBAIBSUOD) /10T
UOWWOD Jsow 8y} ale sjusuodwod Aq uol|ig $'€$ JeA0 yoead 0] %G'El
JolBlul ulged pue sued sulginy ‘euibuy = JO YOyD e 18 molb 01 psjoadxs
LL0Z ul S| Jojoas buunioejnuew ayl Ul AY =
Asysnpul sy} ojul saulyoew Y paj-ejoul ¢lQc ul
10 @ouenus ayl yum Anisnpul soedsolse uol||iq Z$ JOA0 0O} %6 MaIb S99IAISS
oyl ussg sey Jaydope |\Y 1ssbie| ay| = pue sjonpoid AV JO 19)Jew |eqo|9) =
juswibas aoedsolay joydewl jeqo|9)

————aseo0iod-ponjeAIoIEN

¥ 3 ¥4 0o 71dX 3



Ansnpui 418y} ul Sjjauaq Y Jo uonezijeal [|nj ayj sauiwispun
wbiw jey) sebusjieyo jeanoeid oy jo aieme 8q 0} pesu Aay) ‘ss8d0id
uononpo.d alius ayj ybnoay py puedxs o} 4ooj sejueduiod 8oedsoioe Sy

Z10z ‘Buunjoeinuep Jo ainin- ay} pue Buhuud gs ‘sisAjeuy spiofeq :$924n0g

suolelw]| 8zIs s, 9|RIYaA youne| BuiusAwnalio

snyj ‘eoeds ul Ajoallp sainjonuis ablue| Bunuud . a1sem wnuwiuiw ypm sped bunuild
s|elalew Yyibusiis-ybiy uoljelojdxa
qyBramiyBi Buisn sainjonuls |ea13I0 Bunulid e ooeds 1o} sped pazijelroads Bunuild e aoedg
sued [einjondis Buipnjoul ‘sped xo|dwod Buiulld « sued juswaoe|dal Buiuld «
sainjonJis abie| Bunuld « sued aoedsoise asu3jad ¥

flepuooss xs|dwod swnjoA-mo| Buijulid « aoedsolay

sued uo Apoalip
sojuoJ}o8|e palnoejnuew AjAlppe Buippaquiy . BuidAyojoid pue Bujjepow 3daouoy « _m_o._mEEOO

suonesijddy jenuajod suoinjedijddy juaring }sop |

S w:o_amo__n_n_a‘ ainjn4 |jenjuajod pue juaiing
momé_mo._o< _o:m m::EoE::ms_ aANIPPY

4 3 4 0o 1 d X 3




&1
S R e

-sga001d oy} dn paads o} paiojdxe
SONUSAE 8y)] jo auo SI (sulyoew 8y} ul spis
Aq epis) uononpoud [ojeled ul sped puey e

(plow
e Buisn o) pesoddo se) swiy sjbuis Aiens

UOJeJoS WOoJ) SUop 8 0} Spesu Led aJjus sy}
osneoaq Jemols Ajgelapisuco si uoponpold
swinjoA ybly ‘Bunnioeinuewl [BUOJUSAUOD
uey) Jeise; sI uoponpoid SWNOA-MO| SIYM -

‘pa|jequiow usaq aAey siied Jisy]
pling 0} SpEW SSUIYoBW SISym Jeldlle Jesuns, 1o} Joddns Janeq
pue s|oAs| AJOJUSAUI J8MO| Ul }nsal ued ssousAlsuodsal pasealou] .

‘sued Juswsaoe|dal
pue Mmsu yjoq Jo} (sbelene uo 0,08) Sewil pes| padnpsy -

Jueoliubls sulewsal sjeuslew mel BulAng pue
seulyoew Buiuunl 1o} pesylano [eroueul syl .

1Jed sy Bupjew Jo 1s09 [enjoe
sy} s|gnop ued sessso0ld Yong ‘Bunoadsul
pue Buyoew ‘Buiesuue Bulpnpul -
som Buysiuy juesipubis alinbal (jis ssao0.d
WY oyl woy Buibiewse sjusuodwod ‘USHO -

S1S09 USPPIH
sabuajjey |edijde.id

soBudl[eYD [EoNDRId B SHJOUSE 00BdSOIRY o SEEE

peadsg awll} pes| peanpay
‘31800 UO BuiAes Jayuny ‘1ojelado Jelolle ue J0) UOHEIUSWNOOP
SSO| pue S$08Yd Jusuodwod Jams) suesu sued Jlama{ .
"S1S00 Ajqwissse
-S[1e|oA pue Buieulwi@ Jo Buronpal snyy ‘shed msy e 1o a|buis e Isyye

ul psyuud 8q ued saljquesse-gns -uonesylidwis [esipes ybnoiyy
ureyo Alddns Buunioejnuew sy} uspuoys pue Andwis oy Ayoede)d .
"21sEeM
[eaidA} ey} Jnoypm way} sjesso pue Hng Alessaosuun ajeulwl@
1eyr sedeys sjpuey ued Jojiud - ofesn [euslew saonpal ANV e

1500 ped 8y} JO %E6
0] dn juessaidal ued jey} pjou oAlsuadxe ue SjesJo O} pasu ON -

uoIINPayY 3so

sjiyouaq pajoadx3y




Lo
il

‘diysteuped yolessal e jo Jed se sped
paonpold-j\ TV 10} UOBdLI}ed U0 NMD Wiy Buussuibus
yum Bupiiom st SNGY|Y "Sseo01d uoneoypsa0 shed ayj ul
soplsal asn Jayuny sy 0} sislleq 1sebuolis ayi 4o suQ

"sjuauodwod
jeinonyys Avewud  Anesy  uoj sjusuodwod AV
jo uonezipn oy} sspnjosid siyl ‘sjusuodwiod [einjonis
fiepuooss s,aueld e ssalppe ued ABojouyds] ayj ‘Mou 104

‘sjuswialinbas uonenbal Jie
190w jeyl sued ¢y0p wnuiwnjy Aiddns o} siqe Ajusiino
jou sI J ‘oidwexs Joj :S[eusjew uleusd 0] PIAYWIT

SSaUIYJIOMIIY pue s|eLis}ey

sabuajjey) |eanoeid

9%,0¢ Aq Jelole ue
1o 1yBlem |ejo} sy} 8onpal pjnod AV ey} anfle sawog .

1yBlem jusuodwod sy}
JO 9%,0€ punoie Ajuowwoo si sBuiaes uoionpal yBIspn -

‘|elsiew Aiessaosuun jo sjunoule ab1e| N0 SAIED
1ey] seinionis Soljje] pue Ssujswosab jusoe slow
pupuud Aq sjusuodwod soedsolee jo Jyblom 20Npsy -

uoponpay ybBisp Juediubis

sjijouaq pajoadxy

sabuajjeyd |esnyoeid pue sjijausg
——.___adjedsolay pue furinjoeinuep SAINPPY

a3 4 01 dX 3




‘sjusuodwiod Jivy} Jo AleleA
e Buunyoeinuew Joj [enqusjod Bunpuud Qg Buuojdxa ale saluedwod eoedsolse
— fubBajul einionJjs pue sjeusiew Yim Auenaied — suojeywi| Jusund ajdseq .

‘poads pue Buiysiulj ‘S|eds ‘sjelsiew
o1 Buiurepad sabusjjeyd jo Jequinu e SUWOJISAO pue 1uswdojansp AbBojouyos)
Ul ]SeAUl 0] pasu [[IM siadojeasp NV ‘suoljeoljdde aoedsojoe 9SeaIOUl O

‘Bulinjoejnuew
leuoinipes) o} pasedwod Abojouydssy NV ybnoiyl Ajgepioye pue Ajjusioiye aioul
paonpoid g ued ey} sjusuodwod a0edsolse 8soy) |[E Aiuspi 0} si sbugjeysd
alewnn 8y ‘puiw U ey} Buuesg ‘sped soedsoise (e Joj SANOEIIE 99 Jou
WBIW Y 18Y) JuBIUBIy ajgey snoiaaid ey} ul payjuepl sabusjieyo [eonoeld syl -

sabuajeys |eandeid pue sjyauag
~ 9oedsolay pue Burinjoejnuey SARIPPY

@3 94y 0oa1dX 3




81

I R [t bt s o s e
S|eldje|\l MaN 4 sued 19bieq 4 Aoedeny »
HO ‘euunul)
. ul Jejua) uswdojeasq
pjoy o1Bsiels & se sjelew ABojouyosy SAIIPPY 8yj paysi|qelsd -
1o} Bulnjoenuew sallppe e ADECEd ofASR
S iioa Sulcn 0] SJUSWISaAUl pasealou] « Bulnyoeinuew
190 "3y DLIGREO - de ul pazijenads
S19%0EIq lanoo Aeq piemiol sajuedwoo om} palinboy e
Sjlje1ES SyEW 0} pasn Ja)awelp 1004~/ e Buipnjoul
B e I ‘sued Jebie| uud 0] sue|d sauibus
1INJo€] IPPY - dv31 s¥ 1o} se|zzou
BuLinjoejnuew [N} 000°'SQ ©2anpoid 0}
Bi5 o ud fpesie allj|e1es Joj sped Jepio ul Ayoededs ABojouyos)
sjonp lie pased-lsWwA|od . ;

pauud-gge Buisn Apuaing . puedxs 0] BuY00T «

“\-\\.u.\h.m‘l&

4 3 34 0 1d X 3



'ss800.d 9jbuis e Ul 8jzzou 8y}
pjing o} sjqe sI Auedwoa sy} ‘buunioejnuew jeuolipel) ybnoiyj
Alquissse siy] jab 0} pauiof pue epew 8q 0] posu p|nom s8ssid
0Z 8JIYAA "Yore S8jzzou [anf pajulid-des 6L epnjoul [[Im ‘ewosus

YiIm uorjeloqe|jod uj jiing ‘seulbus 4y37 buiuiodyio) s,39

jouo- -0} sadaid gz wioi

—————=fIxa|dwo3 Buionpal jnoqy
~ Buunpenuel SABIPPY wssonaxs




1,07 ‘Bulysiiand 1exJejN YosHews 930S

I Jo ‘weoaly sojey delog [enusiod Jemon sape|g aulgin|
anuan AinoJis|N ubiseq psziwndQ sig||ledw]
PUIRERS sped paulyoew Ajiaesy ‘xs|dwod soue/ aping
anuan Analsy U] | 1Y aui| pazunssald ‘xs|dwo) seyey
RUTRERS sped psuiyoew Ajiaesy xa|dwo) S[IOHIY
Auedwo) vmwm_uomm,q uonjonpoad |\ 10} suoseay ?m:on_ Eoo..

‘sosAjeue ybnolioyl Jaje

[einlauag pawsosp ussq sey Y UdIYm Joj sjusuodwod anjeA-ybly Jayjo jo Jsquinu
e siuasald mojeq o|qe} sy "bBulnioejnuew |euollipel; ueyl snoabejueape alow Si AY
ybnoiy) uononpoid sjess-sbie| SIsym sued jo ssjdwexs [edldAl ale s9[zzou [en} S3O

~ sjusuodwo) AV 31qe}ns j0 sojdwex3
~ aoedsoiay pue Bunjoeinue SAIPPY

e

@ 3 ¥ 0o 1 d X 3



Em__um._mm /| WNI}AosSuo) aoedsolay Bulinjoejnuelp SARIPPY UISUOISIA |
:Bulinjoeinuew |

sAlIppe Jo suoljedljdde soedsolse 0} pajedipap 8isnio pajesBsiul ue ajeasd o} sal| Ajlunpoddo sy o |

==

uonnjos 8yl

Ajijenb pue awnjoA uonenpold s JO Swis) Ul spoyisul Bulinjoejnuew |
plepue;s yojew o} eusiod ayj sey [\ Jey} sjusuodwiod pue spued }eiolie Ydiym sulwialep 0} pesu »
sjuswalinbal Jusbulys s Aijsnpuil 8y} J93W Jey) sjelisiell pue sasseo0.d dojensp 0] pasu . _
-aoedsolse Jo spesu auIvads auy} ssalppe 0] pajesipsp A|SAIsnjoxe saaieliul Y PeijusSpl ou 7
aJe a1ay) ‘a1ep o] ‘ssao0.d uononpoid pajepijeA pue ajgeyjoid e Buiaq ojul (00} BuidAjojold S|qixS|) pue SAIOSYS
1509 € Buleqg wiol} Y 8Xe} 0} pasinbai [jis si juswdosAsp pue Bunss} ‘yosessal Jo JUNowe JSeA e ‘eoioeld U«

=

anss| ayl

‘syuswisaAul Ajdiyinw pue ‘Aousiolss aaoidwl pue s3So9 jnd o} Aem e se Abojouyos]
sy} Bulks sie siainjoejnuew Y JO sjuswbas Buimo.b 1se)se) 8y} Jo suo sI Alysnpul @oedsoloe pue ssusisp Y| «
‘gouewloued
1onpoud pue ureyd-Aiddns Joliadns aAs|Yde pue Sis00 JSMO| Ajsnosugynuwis 0} Wyl MOJ[e [[IM SIY} IXSjuod
uononpoud 1ybu sy} ul ‘ssiuedwod soedsolse 1o} sanjiqeded aaizeAouUl AjnJ} J8YO |\ Ul SSOUBAPE JUSISY e

puewa ayl
———shemeayje] /oy :BuLinjoenuE SARIPPY

4 3 ¥4 o1dX 3



yirs soedsolay ssusnpul |y aAnEnNIul [eUOnEN

(Toy0) sansiBoT puy BN (divad) diysisuped Buunioemnueyy
| Jo3 J21uRD) [ paJuBApY [euolbay
eulolen 239553UUS |
Luop S seg

16IUSY UOBAOUL| ., i Jae) Joeiseady
P KN “yoa] Buumoejnuepy|

s

3 ,_. v -

- soueny v

g TErA.

saroyunesd”’ A vy paoueapy <« A
A0 1o} 108D , soxel lajuen wawdoppasq
=

, I ; wmﬂ . - BaUBLUY SNJIPPY $.39
' wnpiosuo?) e A
() uoZuoH B ~ g

~ L= 3

s

CO_a_ﬂwn_EOOwr_a JO m:_QQN_Z

@ 3 ¥4 01dX 3



€T
ey el = s e R et I ST
‘sjusWBas .99 |[e sepnjoul pue peolq si Snooy jexew ay] ‘juswdinbe 1ie-ayi-jo-sje}s pue s1oauibus Gg =
"gloym e se Ansnpul sy} pue uoljeiodiod 39 sy} ‘UoljeIAyY 39 Je
BulinioenUEW suibewWIS] PU. JUSAUIS] ‘SUliSpal ||IM ‘9pEISP 1X8uU 8y} J8A0 ‘Jey} sainpaodold pue sanbiuyos)
‘subisep jno Buiroid Aq ‘Bunuiid g-¢ Jo uoijezijeuisnpul 8y} soueApe pue aiojdxa ‘pes| 0} JusWSle]s UOISSIN =
selfojouyos] SO Aawloy — Z10Z Ul 39 Aq palinboe Jsjua) ydiesssy =

Z10Z ‘olyQ — Jejue) juswdojonsq SANPPY ST -

‘Buiysiu pue
soed uononpoid a1 senssi eoedsolse aWos SsaIppe pue juswdojeasp [eusiew apnjoul sjosfold Yyolessay =
‘asn 10} s|qejiene aie saibojouyds) SAJIPPE paskeq [ejsw pue IsWAjod siswolsnd
|eulsixe 1o} pue spsfoid s1e1s DN [eulsiul yjoq Jof salales BuidAjojold pue uoiedlidqe) SSpIACId
‘1ajsuel] ABojouyos} jo weiboid sAloe
ue pue so|Bojouyos] sAlippe By} Ul yosessal pajjdde pue jejuswepuni ybnoayy Aysnpul Buiaies sajeniul peseq-ON

euljoje) yuoN — (VIANYD) saisibo] pue Bulnjoejnuely SAIPPY J0f JBJU8D

s2J0pjiom usbB-1xau pauiel; Aedoud e ulejal pue dojeasg =
uoiBai ayj ul uleyo Ajddns s|qeljsl e dojeasq =
suonelsado Bupnsixs sy} 0} NV Alddy =
:0} S)eloqe||oo sauldiosip ajesedsip wod) sisinjoejnuew
aloym ‘@osssuua] 1sed ul Jsysnjo Asnpul Ny Buiwioped-ybiy e sjesio 0} swie dINVY SAeRiul gej abpieQ

sassauua] jsed — (dINVY) diysieuned Buunioejnuely peoueApy jeuoibsy .

soAljeniu] NV "S'N

~——____adeospue sannadwo)

[ 3 4 o1 4d X 3



74

dTIN UISUOISIAA =

p=isiioN -

ISjUa) uonelsEaoy ABojouyas )
puunioeinue sexe jealo

Jajua) uonels@ooy "'yoa | Buunioeinuey

ureyn Aiddng soedsolsy/asusiaq

1Bjus) yoeanno Buunioenuely INois
- UISUODSIAA JO Alisianiun

Jauan) aouejsissy Buunjoeinuely sexs |
uolbully 1e sexa 1o Ausisaun

dieHyos L oyep -
uolbuiysep 1oedul] «

Isjus) uonelseday ABojouyss |
Bunnoeinue S10SS390014 PooH

diysisuued
uoisusyxg buunyoeinuelp uobsio

d3IN @8ssaUUa | pue euljoleD) Yinos .
iddississiN 43N S1eA0UU| -
JIOMISN "UDS | BWEJE]Y -

IsuaD uonels|@2ay Abojouyss |
fuunjoejNUE|N SAOWOINY JSESYINOS

uolsuaixg Buunoeinuely eiblosan
uonjelodio)) yolessay yoa] eibloan

(e0)
22ua|[eox3 Buunioeinuey Joj uoneiodio) .
Isus)
2oug||paxg Bulnioeinue|p sloul|| Yl -
('eA) souelly IDAINTD -

siaujied

Ia1usD) Uonels|e9y
ABojouyoss | Buunioeinuejy uoneuodsuel |

dnoug ABojouyos ] Buunioeinuely eluloljed

(s)eymsu| papremy

329loud joqid DVLIN

:SN20J J0 Sealk JIay]l pue sV 1IN @Al ayl siuasaud ajqel Bumojjoiay| =

's1o9loid sV 1IN 10 1sow Jo Juauodwod Asy e aq |iim ABojouyos) Buunjoejnuewl
anlppy "ABojouyos)] 1dope Asyl yoiym 1e selel syl pue ssauaAliiadwos uleys Alddns siainioeinuew " n [jews aaosdw 0} JIspio
ul asiyadxa desp pue sa2iAISs Jayo 0] seale uleyd Ajddns pue Abojouyoa) oioads ul spadxe jo swes} Jayjebol Buuq |IM SOVLIIA =

slajua) Jojels|@a0y ABojouyoda] Bulnjoeinueyy se 1oe o} psubisep
sjoafoid jopd aaly Jo) Buipuny ul uoljw g'z¢ Alesu pspieme sey (|1 SIN) ABojouyos| pue spiepuelg Jo Sjnjisu| [euoleN syl =

(DOVLIN) Sie1ua) Jojels|gooy Abojouyos] buunjoeinuely
saAljeniu] AV 's'nN

——____ adeospue aannadwo)

¥ 3 ¥ o7 d X d



S¢

wbipeied 1o} 82inos Buipunj pue Jaulied |enjuajod vy

saje)s pajiun ayj ui anypsul Aay v

UOIlBIAY J9) ‘uewlwnIg)
doiyuopN ‘uiely pasyyo0] ‘dnois
Buisog ‘WYSVYN :9pnjaul siaquian

suoneziueblio Jaylo g| pue ‘sge’
pue saljisienlun gz ‘ssiuedwod Qg

SI9qWIDN

‘spunj
spieme pue sjjed 3a8foad ssounouue
Ajjesipouad sayej eausuy
SaAljelliul pue

sdnoib Bupjiom ‘sosfoid |y Hoddns
0} Uoljjlw QG$ uey} alow :Buipung
(ININAON)

puiuiyoey pue bulnjoejnuelp
asuaje( 10} Iajua) |euciieN :peaT

~ sayejy eaLaWY - ApN)S 8sED

aymsu| sjeAlid-olignd

E

'slolegnoul ssauisng
UIIM pue ‘se2inosal JuswdojaAsp JILUoU09S pue
|elsnpul 1jo0id-10j-10u 1o ‘syeaud ‘olgnd Bunsixe
yum ssiuedwod ‘g n Buigesbajul pue Bupjull Ag
¢MOH

‘SsauaAIleduwod asealdul
pue Jojoes Buunjoeinuew "S'n 9y} Ul saibojoutjos)
Bulinjoeinuew aAijippe jo uondope ay) alels|a0dy
. UOISSIAI

HO ‘umolsbunoj ui paseq bulinjoejnuepy
9AIlIPPY 10} 10]e19]929Y |euoileN

4 3 ¥ 0o1dX 3




9¢

UOoIljeIAY

39
G0z ul uononpoud uifeq 01 10adxy =
souiyoew bunuud d-¢ jo sauss e Buisn deaT N4 Sy} 10 S9jzZzou [an} xo|dwoo ayew |m s ayl =
v ‘wingny ul sped suibus 1of Joy Ajljioe) [Ny pajeosipap ‘obie| isul saoedsoloe dojensp o) suejd 39 =
(3oA jeuoneiado jou) jueld BuLinjoeinue SARIPPY — UOREIAY 3O

el o ‘WY UO sueubisep pue sieaulbus ujel| ‘sjejew dojers S[eo =
e _Uoljeu ayj ul saluojeloge| [N PSoUBApPE SO, =
NN u u 1 awsd NV J8yuny 0} Ajjioe} He-sy-jo-sie)s Uoljiw G'p$ =

UUO2M PUE MR USaMISq UOIeIode||0) =
£10Z ‘Seje}s pajiun — Jsjuag uonesouu] Buunioenuey SARIPPY M2d

Ajssejweas saibojouyos] anijoengns pue

aAJIppE 8uIqUIod 0} suonjos pajelbajul dojarsq -
sued yeiole

Jausaib pue ssjybll sanpoud o} ABojouyos) eaoidul] e
Ansnpur eoedsoloe

ayj ul Wy BuizijeLysnpui Jo $s800.d 8y} enupuoy -

diusiaulitd U1Amois a30dsoiaY

'S|E0S) =

MOIMIBAA
jo AUSISAIUN Sy} ‘MeySIUSY ‘Wedje  SpNjoul SISqUIS| “WNIHOSUOD S9BdS0ISV-INMD AQ pP9| WNIJOSUOD =

uonisod aaniadwod su ulejulew
Ansnpul soedsolee sy} djgy o1 weliboid yoiessal pspunj-juswiuianch (uoliw 6t°2Z$) Uoliw-H'EL3 =

£10Z ‘wopbury payun — wnpiosuod (Ny) uozuoy

~———— saAleUL NV 9oedsolay

43 4y od1dXx 3



suoye)nsuoa pue spoefosd ybnoayy uopoelsul Apsnpul 10) Juswuoiaue doys dojs euo e 8piAoid
ea.le sy} Ul spasu Buimoib ayj ssaippe pue juswdojersp Jusjej pue jsmoduell 0} 8inqLU09

-[IIM Ja1us9 a1 ‘[eob siyl eASIyOE 0] |NY JOj 90US||99XS JO Jajusd [BUOlEU B SW003g 0} Bulwie sjnjisul mau pueld

(s1odebuig) Isjuan Bulinjoejnuely SARPPY NLN

anjea juswdinba uoliw G§ UBYl SIO)N =

soulyoew A Ll =
solioe) Bunsa) pue BuunjoeiNUEW SSB|O PHIOM 0] WOy Os[e si 1sjus) sy L

Bunjay Jese aAIlo9]es 10} sAo||y Joubiseq eoedsolay =

Bunjep\ weag uoJjoe|3 Buisn swes} | 4 Buipnjoul siesn pus Joj sped Jo ainjoejnuey =

Buusiuis peads ybiy pue Busjuls J9SE| 10} Sjeusjew mau Jo Juswdolpreg =
-aphjoul yaueasal Jo sejdwexy
‘518 s}onpoid JSWNSUOD ‘OAJOWoINE ‘Sa0IASp [edlpaw ‘eoedsolse Buipnjoul siojoes Auew ssosoe Aljsnpul Aq penjea
os[e s pue sjeuinol Aujenb ybiy ur paysiignd si 3 ‘ssuidiosip pue sjuswpedsp Auew sueds yosieasal ay] Jo yonp
‘INV 10 plalt 8} Ul Yo1easas Buipes] pUom s1onpuod NYPYD Pal-pIauiays Jo Alisisaiun

(WvpYD) Buunjoejnuely aAIPPY PAdUBAPY 10} 191UdD

SNo0J 8102 SNV 10 auo si Ul ybnoyje ‘eoedsoise 0] pajesipap AjoAISnjoxe ale sajnyijsul || 8y} Jo SUON

‘INV 10 SseuaAijedwod

pue souewlousd sy} soueyus o} sessevoid pue ssifojouyds) ‘sjdeouod ‘selffieiels pides mau dojeasp 0} sI [B0D
"s9$s2204d pue spoyjaw Buunjoejnuew anljippe

10 uoneuswe|dwi pue uones)dde Juswdojaasp sy} Buisudwod ‘ureyo ssa20.d BulNioBNUEW SAIPPE alIjUs Y} W0}
01 Auewlao noybnoiy] peseq ale Yolym sanjiisul | | sessedwioous souel|ly Bulnioeinuely sAIppY J8joyuneld syl
"s|elisjew Jaylo pue solwelsd ‘sonseld ‘sjeaw

j0 epeuw spnpoud 1o Yy Buljqeus sessacoid peeds-ybiy Jo} eousiaduwlod jo souel|e ueadoing Areuydiosipiajul 1sebie

Auewuss) ‘aauel|ly NV 43joyunel

saAljelllu] NV Jeuoijeulaju] @

———_adedspue’] aAadwo)

SN
”

/N

. @3 4 0 1d X 4



8¢

IM JO d1els ay) ul
punoj aAneniul adedsoliae Y ON

Joj39dwod 303lIp e JON
‘welpoud

._mu,wcmb ABojouyoa] e ayi] aI0|\ hg,ml

‘s18b.e] pue s|eob juaisyiq

Olul 400 [|IMm

DVIIN saibojouyos) ayj 1o auo Ajuo si INY
‘INUBW PaZIS-WNIPaW/|jews uo snoo
suoljeljado Ji1ayj 0} saibojouyosl
fulnjoejnuew pajueApe ldope pue
1depe  ‘Ajnuspl siainpoejnuew digy jey
soss920.d pue ‘s|00] ‘spoyiawl uo SN0

Jajuan uonels|@a9y Abojouyos|
BulinioelnUE|A SeyeT] 1eal9)

Jauped jennusjod

:obpomouy |\ Buodis

1nq 12A asljadxs aoedsolse oN
JJagwaw soedsolae ON ,_

L

(s1onpoud Y1V pue suliew) syonpold
[euonlealday Jalpiequiog pue [[omyo0Y
‘uojeg ‘uonelodion ysoyysQ ‘sjoljuo)
uosuyor ‘ggy buipnpul siequisw g/

SaWIN|oA uolonpold

spyed asn pua sjeouge
NV ybnouyy

adAlojoid ansiyoe sessauisng sdigy Ody
swa]sAs buidAjojoud pides s|gejiene
-Aj|eriswiwiod aAlL ayl yum Aysiaaiun AjluQ

pSywi Ul

lajuan buidAjolold pidey s.JOSIN

yoleasay g saAneniu] bunuiid @

= UISUOISIM jO }ielllod

¥ 3 ¥4 0o1d X 3



6¢

%S1

1N) NVYPYD

(AueusD)
souel|e WY Jajoyunel

%001

oin)
wniposuo) (|NY) uozuoH

(a10debulg)
Jsa) Buunioeinuely
SAIPPY N.LN

N9Iavivd

Saye|\ BoUaWY

assauus | 1sej
- (dinvy) diysisuped
Buunoeinue|y
pa2uUBApY [euoibay

layusn BuidAorold
pidey sJOSIN

X1 - Jejus) uoiels|edy
‘yoa| Buunioeinuep
ureyn Alddng
aoedsolsy/asualad

HO - Isjua) uswdojersd
SANPPY $.39

,, juswdojanaq
aoIopIoONN R Judwdojanaq

Buldauibug

laysued]
ABojouyosaj

yoieasay
ABojouyaa)

BuiesoApy
Jlwdpedy

UaAlLp

a11qnd asedsolay

J8ua)
uojeaouu| Buunioeinuey
SARIPPY MBd




0¢
| T R T e g e |

1oyJew 2oedsolse 3y} 1o} [NV Ul 90USIsjl 8Y} dW093q 0} injoniseul Spew-ofie]

-sas5900.d UONEIIgE} PUE SUORN|OS BULIN}OBJNUBW SAIJIPPE MSU SjEpI[BA PUE YOIESSSY "SUOKE|[ESU!
DSJESIPSP Syl SSoIoe S3NAIRE Juswdojsasp pue Bunssy wioped pue ded Buunioenuew;/ioyegnoul
Sy} Ul 9J]edojel O} SISJNjOBJNUBW  pue  sisdojeAsp joeipe 0} ainjonisejul Sy} dojensq

‘Alisnpul aoedsolse
oy 1o} SSOIAISS PasSed-}oelluod JO Oljojiod SAoBIjE UE Sjeal] -goedsolse Ul suoinjos bulnioeinuew
SAljIppE o} uoieodo| Jsiweld dyy se uolbas sy} puelg o} Buiwie esiedx3 jo Jsjue)d e Sjeal]

Buiuonisod ayl

‘s99IAIas Bulnjoejnuew
Joenuod esodoid |Im pue ssulyoew Y He-ay-jo-sSiels UM paddinbe aq |m Aypoe; eyl
-sedfjoj01d pejeioosse au) isa} pue subissp dojansp pue sjnsal }ssq |y} opinoid [m sassaoold N
1eyM SUILWISIep ‘A 1o} S|gelns ale sjusuoduwiod Jelolie pue sped yoiym Aujuspl ssiuedwod digy [jim
181Ua7 a1 ‘S92IAIeS Y} Buowy ‘seoiales Buignsuod pue Buriesuibua jo AloueA e Jayo |im whipeled

-AI1shpul 8y} ulyyim ssbusjieyd
oyoads pue suonenbal sy} jesw 0} Jeplo Ul ABojouyssy sy} Buiroidwi pue Buisel ‘Buidojansp
Jo} Aoy anbiun e spiroid (M ‘whbipeied pspuelq ‘wniposuo) aoedsolay Bulinjoenuep SAIPPY
UISUODSIAA U} ‘SIS0 pue Jyblem aonpsi pue ‘ssaoold ajbuis paudwis e ur sped xs|dwod aonpoud
01 Buunoejnuew aAlIppe aiojdxe siainjoejnuew pue sN30 aoedsolee jo Jaquinu Buimolb e sy

jdasuo) aylL

wni}osuo) asedsolay Buirinjoejnue SAIIPPY UISUOISIAN

@ 3 ¥ o1 d X 3




i

(98]

"Jeldlie ainny 1o a9IAI9s-ul 10} swelboud
SAIJBIOgR[|02 (Y Ul paAjoAul 186 01 sg-1s1] pue
-181] 01 Bupjoo] pels |Im SINJO ‘sesed jsowl
ul ‘sesssoold pue ABojouyos) sy} uo psaads
0] dn swod 0] psau |Im sialddns sisy} ‘Aepo}
MIOM Al @Yl Jo isow Buioinosul ale SNJO SY

:sia1jddns
pue ¢/g 4311 ‘L 4911 ‘IO :39uLi|D

JJeJolIY [eloijswwo))

" sBuimelp Bulssuibua yojew jou op sped ay) ashedssq
1o 1SIX2 jou op Jo J2Buo| ou sj0o} asnedaq sjedldail
0} pley se isnl pue (sialddns ma}) 82In0s 0] }noIUIp
ale jey; sued Aoebs| Jojpue anbiun Addns o3 Ajljiqissod

:s1a1jddns
pue slapjingawoy ‘Si2UMO d}eAldd :3|ajual|D

Jelouly
jeyuswiiadxg @ pJigiepp ‘@bejuip

UOIIBIAY |eJous9)

‘1yBiam pue swnjoA sped Bulonpal snyj sessa20.d
Bulinjoejnuew pue ubisep JusIdIYS S10W pue

Jayaq Jo} smojje ABojouyos] Yy ‘|io se yans ABisua
o|gemaual-uou uo Asuspuadap s}l sonpal 0} SUolN|os
a|geinp aiow pue Ja)ybi| 1o) Bupjoo] Ajueisuod si o

pienc) }seo)
‘AneN ‘Aunry ‘ssultely 4y ‘@oq :8fsusl|d

Areyin

‘suoljesado Jisy} ojul ABojouydsy
ay] 9jeibaul 0] MOy Uo adiApe Buipasu uleyd
Alddns aoedsoise sy} ul paA|OAUl SISInjOEINUElN .
‘sjuswssuenpe ABojouyosy
INY 10 1uoijeioy 3y} e Aejs o} Bupjoo] SNIO

:s191jddng pue | J31] ‘SNIO :9|2usl|D

Jellly
auigan] pue sdoidoqinj ‘uojlsid

UONBIAY |Blaus9)

Sjuai|9 pue Ja)ie|\ pajabie]

4 3 ¥ 0o 71d X 3




ce "SS2IAISS bUIPpPI]
pue juswdojsasp ssaulsng
‘Buiyoeod ‘Buiutel] .

"S|]epowl ssauisnq pue
saibojouyosl jo  |enusiod
[BIOJSWILIOD  BUl SIEpPIBA e

uolsuedxs s jueus} yoddns
0] S90JnOSal  sSsauUIsSng
pue alnjoniisesul SpInoid e

saiuedwos JN\S pue
Jlo-uids Joj aoeds Jo [ejuay .

Bulin)oeinuew
INY Ul aAoe ssiuedwod dn
-Jels Jo Alunjew pue ymoib
8yl 9leIs|e0y  :UoISSIN

‘poid SWIN|OA WNIPS -
uoionpoJd SWNJOA MOT
Burinjoeinuep J9BIJU0D

BuidAio10.d
[euonouny ybnolayy
sped [enideouoo jo Bunsa] .
1dsouoo
sped gg 1o ubiseq -
suoneoldde
[enuajod suiuls}ep
pUE UOISISAUOD A
1o} a|qelns sped Ajjusp|
Buusauibug joesuo)

goedsolae 10} suonnjos
NV dojanaq :uolssin

Hoddns [eoiuyos) B Buiuiel
‘uawdinbae :uoidope

pue uoljeifaul |\ Hoddng .
ssaosold

uoneoIpad ayj poddng «
ssao0.d

AV 21eldoldde sulwisiaq »
adA |eusiew

1S9q 2y} sujuisle( «
sued soedsolse 1o}

uopjeolidde NV su} Ayjusp] «

salfeiel)s pue sjuswaiinbal
NV 4124} yyim ssiuedwod
aoedsolae 1SISSY UoISSI

apIm-uoijeu pue
2]e]S 9y} ssoloe sabs)|0o pue
saljIsIaAiuUN yim diysisuled .

ABojouyosy
[eusjew mau Apnis

lojoss aoedsoise
3y} 0} ajqeoldde saibojouyosy
pue sassao0.d Buunoejnuew

SAIIPPE Y2JEasay .

yoleasal paijdde
pue Jejuswepuny :snoo

(#-1 14L) esiadxs
JO I2jua0 pue Ajjioe) yoiessal

NV pa1eoipap aoedsolse pue
pazijeoads e ajeal)) :UuoIssiN

Jled
ABojouyos]
© 1oleqnou|

IEIVET)
Buussuibug ¥
Juswdojanag

S92IAISS
bunnsuo)

JEIETS)
yoJeasay

SSPIWWOD

sJojoaliq Jo pieog

NDIAdVdVvd
~ |9poN 193sNn|D

sapiwwo) Abojouyos]
0 Uol}eAouU]

4 3 ¥ 0o1d X 3



"90JoWWo9 |euoibal mm/

SMySE ‘SNn[eA @ UOloNJsuod sje}ss [esl ‘ymmolBb
pedouode uoddns [im yoym ‘juuosied pied
-1oyBiy sysebbns j10sfoid ay] :sjysuaq joalipuj -

~

(1susp BuidAjojold pidey
oy; jo juswdinbs pe-ayj-jo-sjels oy Buipnjoul) »fied ABojouyos) pue Jojegnoul
woloid Ino yum sjqredwos oie sapigeded sy Sy} Ul paysiigelss 94 [IM Jey} sSluedwod Sy
pue welboid BuunjoeNUEW SABIPPE Pays!qeIse UiyEM YamolB Inds [lim SSRIAGOE Bulinjoenuew

jlom e sey BuussuiBug Jo [00YIS SBNEMIN - pue juswdojersq Cuoifes Byl ulyim  pue
suoieo0] 1odlie 8y} 0} SSIAOE @Y [EUOHIPPE

"uoifai ay} ul Buug M joeloud eyl :isyyeusq  joa4IQ -
ABojouyoa] psoueApe jo uolidope pue sse29e Syl ; g 5 £ 6
S]e)I|I08]) Jayuny I9jusD uoljels|eooy Abojouyss] soedsoloe ybnoy} Auoucds sy PUAYISISAIP

se |em se ssalbojouyos) Buussuibus pue
BunnjoenuEBW Mmau jo uondope ayi yim uoibal
ay} ul aseq bHuunypejnuew 8y} usyjbusns
[iM suoljedijdde soedsolse Jo juswdojensp suj
Je pawie Buunjoejnuew SAlIppe Ul Buluonyisod
anbiun 8y -uoppedwod 8y} wol uoibsl
fo|le/, X04 oy} oyenuassyip |m josfoud eyl .

Alunwwod ayj} 10} SISALIP @ Alunwuwiod 8y} 1o} SISAHP @

[ 1

~=—_sj|jeuag |e207 —}X3ju0) Ay
= Essoaaxs

BuumoejnuUely SaYeT JesiD oyl oYl saAlellu| -

‘BurinjoeNUEBW Ul [AA 104 uolisod
Buipes| e Buunoss ul djgy [Im Y “wbipeied
BuLnoEjNUEW MSU B 3Jdelqwe 0} [ejuslod
pue osiiedxe SAISUSIXS aney ley} ssluedwod
Buunjoenuew ajdinw 0] swoy S| UISUOISIAA -




Exhibit D

23




ing

ive manufactur

tte series on add

A Delo



A Deloitte series on additive manufacturing

About the authors

John Coykendall

John Coyleendall is a principal in Deloitte Consulting LLP’s Consumer & Industrial Products prac-
tice. He has spent most of his career focusing on companies with highly engineered products in the
aerospace and defense and automotive industries.

Mark Cotteleer

Mark Cotteleer is a research director with Deloitte Services LP. His research focuses on issues
related to performance and performance improvement.

Jonathan Holdowsky

Jonathan Holdowsky is a manager with the Brand & Eminence group of Deloitte Services LP.In
this role, he manages a wide array of strategic research projects on behalf of clients within the con-
sumer and industrial products industry.

Monika Mahto

Monika Mahto is a senior analyst with Deloitte Support Services India Pvt. Ltd. Over the last six
years, she has been involved in various strategic research assignments for clients in the consumer
and industrial products industry.

Acknowledgements

The authors would like to thank Neelakantan Subramanian (Deloitte Support Services India
Pvt. 14d.) and Vaibhav Khobragade (Deloitte Support Services India Pvt. Ltd.) for their research
contributions to this report.




3D opportunily in aerosprace and defenser Additive rnanufaciuring takes flight

Contents

Introduction | 3

AM paths to AGD companies’ strategic imperatives and
value drivers | 6

What's holding back AGD executives? | 14

Increasing AM adoption: Challenges and potential
solutions | 16

The way forward | 18

Endnotes | 21




Introduction

DDITIVE manufacturing (AM), popu-

larly known as 3D printing, is a manu-
facturing technique that builds objects layer
by layer using materials such as polymers,
metals, and compaosites, Figure 1 depicts the
overalt AM process.! In the early stages of the
30 years of AM’s deployment, the technology
was largely geared toward prototyping and
tooling applications; however, in recent years,
AM has found success in end-part produc-
tion, driven by improved manufacturability

A Deloitte series on additive manufacturing

and reduced lead time compared to traditional
manufacturing methods.

The acrospace and defense (A&D) industry
was an eatly adopter of AM technology. The
history of AM traces back to 1983 with some
A&D companies beginning experimentation
with the technology as early as 1988.2 Over
the years, AM's adoption has increased across
industries, with the A&D industry contribut-
ing about 10.2 percent of AM’s $2.2 billion
slobal revenues in 2012.* Several reasons

Figure 1. Additive manufacturing (AM) process flow

Graphic: Deloitte University Press | DUPress.com
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underlie AM’s relatively widespread adoption Figure 2. Examples of the benefits of
in A&D. AM provides the flexibility to cre- producing different AGD parts

ate complex part geometries that are difficult
to build using traditional manafacturing, It
can build parts with designs such as internal
cavities and lattice structures that help reduce
parts’ weight without compromising their
mechanical performance. Furthermore, AM
machines produce less scrap than traditional

machines, a critical attribute when using
expensive aerospace materials such as tita-
nium. Finally, AM’s impact on economies of
scale and scope make it a natural fit for A&D,
which, in contrast to other mass production
industries, is largely geared toward custom-
ized production. Figure 2 presents some of the
performance enhancement benefits delivered
by AM in various A&D applications.

AM’s current applications in the A&D
industry range from manufacturing simple

objects such as armrests to complex parts such
as engine components. Applications such as

printing aircraft wings and parts in micro-
gravity are foreseeable in the future.* Figure
3 shows the current and potential applica-
tions of AM in the A&D industry; this list is
not exhaustive, as AM technologies and their
applications are constantly evolving.

Currently, A&D companies are at differ-
ent stages in adopting AM, and there is some
debate about how real AM’s impact on tra-
ditional processes will be. On the one hand,
A&D executives who are skeptical of AM’s
potential may miss the opportunities the
technology can offer. On the other hand, com-
panies keen on benefiting from AM adoption
may make hasty moves that do not align with
their strategic imperatives.

The article 3D opportunity: Additive manu-
facturing paths to performance, innovation, and
growth provides Deloitte’s perspective on the
impact of AM, as illustrated in figure 4.° Using
the framework as the basis, we reviewed rel-
evant academic literature and case studies and
interviewed AM experts to identify current
and future trends that are expected to shape
the application of AM in the A&D industry.

Graphic; Deloitte University Press | DUPress.com
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Figure 3. AM applications in the A&D industry

« Embedding additively manufacmred

Concept modeling and prototyping
Printing low-volume complex aerospace electronics directly on parts
parts « Printing aircraft wings

Printing replacements parts +  Printing complex engine parts
- Printing repair parts on the hatilefield

Printing specialized parts for space + Printing on-demand parts/spares in space
exploration + Printing large struciures directly in space,
Printing structures using lightweight, thus circumventing launch vehicles’ size
high-strength materials limitations

Printing parts with minimal waste

Sources: Dejoitte analysis; CSC, 3D printing and the future of manufacturing, 20132

Graphic: Deloitte University Press | DUPress.com

As the AM technology evolves, its applica-
tions are bound to change; however, the larger
dynamics that we have identified related to
products and supply chains will not. This
report will help readers appreciate how AM
can aid their companies in achieving perfor-
mance, growth, and innovation goals and help
leaders choose the paths that best suit their
organizations value drivers.
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AM paths to A&D companies’
strategic imperatives and

value drivers

M is an important technology innovation

whose roots go back nearly three decades.

Its importance is derived from its ability to
break existing performance trade-offs in two
fundamental ways. First, AM reduces the
capital required to achieve economies of scale,
Second, it increases {lexibility and reduces the
capital required to achieve scope.

Capital versus scale: Considerations of
minimum efficient scale shape the supply
chain. AM has the potential to reduce the capi-
tal required to reach minimum efficient scale
for production, thus lowering the barriers to
entry into manufacturing for a given location.

Capital versus scope: Economies of scope

influence how and what products can be made.

The flexibility of AM facilitates an increase in
the variety of products a unit of capital can
produce, reducing the costs associated with
production changeovers and customization
and/or the overall amount of capital required.
Changing the capital versus scale refation-
ship has the potential to impact how supply

chains are configured, while changing the capi-
tal versus scope relationship has the potential
to impact product designs. These impacts pres-
ent companies with choices on how to deploy
AM across their businesses.

The four tactical paths that companies can
take are outlined in the framework below:

Path I: Companies do not seelt radical
alterations in either supply chains or products,
but may explore AM technologies to improve
value delivery for current products within
existing supply chains.

Path II: Companies take advantage of
scale economics offered by AM as a potential
enabler of supply chain transformation for the
products they offer.

Path II1: Companies take advantage of the
scope economics offered by AM technologies
to achieve new levels of performance or inno-
vation in the products they offer.

Path IV: Companies alter both supply
chains and products in the pursuit of new
business models.

AM is an important technology

innovation whose roots go back nearly

three decades.
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Figure 4. Framework for understanding AM paths and value®
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Detailed analysis on each of the AM paths
is presented later in the report. When analyz-
ing each of these paths, it is worthwhile to eval-
uate how different AM attributes may lead to
changes in A&D companies’ products and sup-
ply chain structures, Figure 5 lists some com-
mon atiributes of AM that distinguish it from
traditional manufacturing and the effect of
each of these attributes on companies’ existing
product offerings and supply chains. Although
not obvious, some product-related attributes
have a bearing on a company’s supply chains,
and vice versa. For example, “manufacturing
of complex-design products” appears to be a
closely product-aligned attribute, but it also
has supply chain implications: Companies that
are designing complex parts need to ensure the
fit of that complex part with other components
sourced from suppliers. In a similar fashion,
companies need to consider the impact of each
AM attribute on their products and supply
chain structures.”

Path I: Stasis—The path
currently pursued by
most A&D companies

COMPANIES ON PATH |
DO NOT SEEK RADICAL
ALTERATIONS IN EITHER
SUPPLY CHAINS OR
PRODUCTS, BUT MAY

EXPLORE AM TECHNOLOGIES - -
TO IMPROVE VALUE
DELIVERY FOR CURRENT

PRODUCTS WITHIN o
EXISTING SUPPLY CHAINS. =

Most A&D companies have been following
a conservative strategy by adopting path I, “sta-
sis,” to leverage AM for modeling, prototyping,
tooling, and short-run production without

3D opportunity in aerospace and defense: Additive manufacturing lakes flight

making any substantial changes to their supply
chains and products.

Reduced time to market: AM helps
companies quickly build prototypes with the
required fit, form, and functionality, thereby
accelerating design cycles, reducing time to
market, and giving organizations a competi-
tive advantage.” Research has shown that when
A&D companies switch from traditional
manufacturing to AM, they could benefit from
time savings in prototyping ranging from
43 percent to 75 percent, depending on the
conventional techniques used.!” For example,
when the Defense Advanced Research Projects
Agency (DARPA) asked for proposals to
improve the design of vertical takeoft and land-
ing (VTOL) aircraft in 2013, Boeing additively
manufactured a prototype, whose construction
would have otherwise taken several months, in
less than 30 days."

Complex-design tools: AM’s ability to cre-
ate free-form designs helps in building tooling
fixtures that are difficult or impossible to pro-
duce with traditional machining techniques.
For example, traditional machining can create
cooling channels only in straight lines, thus
making it difficult to optimize fluid flow in
corners. AM can create cooling channels that
conform to the curvature of a part, a feature
that is especially important for engine parts."

Flexibility of design iterations: AM oflers
the flexibility to design and test products as
many times as required, heiping A&D com-
panies reduce risks and uncertainties and
improve product functionality at lower costs.
With changes in software design files, compa-
nies can undertake multiple design iterations
without expensive retooling. For example,
NASA used 70 additively manufactured
parts {(such as flame-retardant vents, camera
mounts, and housings) for the Mars Rover
test vehicles.”?

Tooling at lower costs: AM not only
enables companies to quickly design and test
products, but also helps bring down the cost of
manufacturing tooling and fixtures.”* A case in
point is offered by the repair company
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Figure 5. Impact of AM attributes on A&D companies’ product offerings and supply
chain structures®
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Advanced Composite Structures (ACS). ACS
produces the majority of its tools using AM,
Jeading to overall cost savings of 79 percent
and lead time reduction of 96 percent com-
pared with traditional tooling." Tooling using
AM is particularly relevant for short-volume
applications in the A&D industry, as described
below by Bruce Anning, a director at ACS:

For the repairs and short-volume pro-
duction work that we specialize in, tool-
ing often constitutes a major portion
of the overall cost. Moving from tradi-
tional methods to producing composite

tooling with fused deposition modeling
has helped us substantially improve our
competitive position,'®

Overall, path I, a starting point for AM
adoption, leads to improved performance by
reducing design and development costs and
accelerating the speed at which cash flow
can be realized without requiring significant
changes in companies’ products and supply
chain structures.
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Path Hl: Supply chain evolution—
Limited AM impact expected
in the medium term

'The A&D industry structure involves the
manufacture and assembly of complex sys-
tems and sub-systems at select locations; the
storage of parts in centralized warehouses; and
maintenance, repair, and overhaul by skilled
labor at relatively few locations. Boeing and
Airbus aircraft typically consist of some 4
million parts sourced from across the globe.
To avoid having an aircraft grounded, airlines
commonly maintain an inventory of spares,
some of which remain unused, and sometimes
become obsolete with new aircraft designs.
AM addresses the issue of warehousing and
inventory obsolescence costs by enabling on-
demand manufacturing where required. In
line with Pareto’s 20/80 rule, AM can co-exist
with conventional manufacturing to make
A&D companies’ inventories leaner and save
warehouse space.!”

In the medium term, as AM machines
become less expensive, aircraft maintenance,
repair, and overhaul processes could benefit
from cost-effective distributed production.
Demand-driven production of spares through
AM is relevant for low-volume, complex parts;
spares for out-of-production legacy aircraft; or
spares required at remote locations.

BAE Systems offers an example of AM’s
use in manufacturing spare parts. Earlier this
year, the company received approval from the
Buropean Aviation Safety Agency (EASA) for
its additively manufactured window breather

pipes used in regional jetliners.' These addi-
tively manufactured pipes cost 40 percent less
than pipes made through injection molding
and are manufactured and shipped to custom-
ers on an as-required basis.”

In addition to manufacturing spare parts
using AM, the technology is also helpful for
manufacturing parts that are difficult to repair
using traditional processes. Laser metal depo-
sition (LMD) is an AM technology in which
metal powder is melted using a laser beam
to form a metallurgical bond to repair parts.
LMD systems can be installed at locations
where repairs of high-value aerospace parts
are expected. Rolls Royce offers a case in point:
The company has installed LMD machines for
the repair of complex engine components at
its facilities in Germany.*® Starting this year,
Lufthansa Technik also plans to repair high-
pressure compressor blades in aircraft engines
using AM. Dr. Stefan Czerner, consulting engi-
neer at Lufthansa Technik, says, “Working with
material which in some cases is just 0.2 mil-
limeters thick is beyond even our best manual
welders. We need high-precision positioning—
accurate to a hundredth of a millimeter—and
precisely metered energy input. The only way
to do that is with a Jaser™

Path IiI: Product evolution—
AM raising the bar for
product performance

in the medium term

Currently, a few leading companies are
looking for ways to integrate AM into their

__ ON PATH i, COMPAN_IES

. TAKE ADVANTAGE OF THE
" SCOPE ECONOMICS O .F_ERED b
© BY AM TECHNOLOGIES -

 TO ACHIEVE NEW LEVELS .




mainstream applications to produce end parts
with the required fit, form, and functionality.
AM applications in the A&D industry range
from manufacturing engine components to
food trays. According to one AM expert we
interviewed, “Simple areas where I see growth
in AM are seat belts, food trays, arm rests . ..
All these things are getting additively manu-
factured. One of the interesting things you
will notice is that companies are looking at
bionic structures for parts such as arm rests.
Additively manufactured bionic parts help
improve the strength and aesthetic appeal of
the parts while lowering their weight.”

In the medium term, with improvements
in AM technologies and materials sciences,
an increasing number of companies are likely
to adopt path 1IF and leverage AM to improve
product performance without making signifi-
cant changes to their supply chains.

Complex-design parts: AM enables prod-
uct designs and dimensions that are hard to
create through traditional manufacturing, thus
transcending existing design and manufactur-
ing limitations.® In traditional manufacturing,
some designs that are optimized for topology
are not feasible to manufacture due to their
complex shape and design. However, with AM,
parts can be designed not to accommodate
manufacturing capabilities but to deliver maxi-
mum performance.” GE Aviation is using AM
to create fan blade edges with complex shapes
to optimize airflow; it is difficult and time-
consuming o machine such blades through
traditional manufacturing. By 2016, the com-
pany plans to manufacture these blade edges in
large production runs using AM.*

Intricate geometries: Parts with designs
such as internal cavities and lattice structures
can be fabricated using AM. The AM pro-
cess, while maintaining the parts’ strength
by providing support only where required,
can keep the parts’ weight low. For example,
while producing Airbus A320 nacelle hinge
brackets, EADS used direct metal laser sinter-
ing (DMLS) to build an optimized design
that brought down the part’s weight by 64
percent while maintaining its strength and

A Deloitte series on additive manufacturing

performance.” The cumulative weight reduc-
tion enabled by additively manufacturing
such parts can have a significant impact on
the industry. Literature suggests that remov-
ing one pound of weight from each aircraft
of a 600+ fleet of commercial aircraft could
save about 11,000 gallons of fuel annually,
cutting down on fuel bills—which, as of 2013,
typically absorbed 35 percent of an aitline’s
annual revenues*

Waste reduction: Aerospace parts are built
using expensive materials such as titanium,
and it takes cost and effort to recycle scrap
produced during machining*” Conventional
machining can entail a scrap rate as high as
80--90 percent of the original billet; AM can
bring the scrap rate down to 10-20 percent,
given the basic distinction between subtrac-
tive and additive methods of manufactur-
ing. Research shows that the buy-to-fly ratio
of Lockheed Martin’s bleed air leak detec-
tor (BALD) brackets used in engines can be
reduced from 33:1 to 1:1 by using electron
beam melting (EBM).? In terms of cost
comparison, even though the titanium alloy
(Ti-6Al-4V) used in the AM process costs
more than the wrought Ti-6A1-4V used in the
traditional process, 50 percent of the cost of a
bracket can still be eliminated without com-
promising its mechanical properties.”?

Part simplification: AM’s ability to manu-
facture multiple A&D parts as a single com-
ponent, thereby reducing assembly effort,
is another product-enhancement attribute.
Typically, it is easier to modify a single-
component product than a system built out of
multiple components; hence, uncertainty in
demand becomes more manageable. A classic
example is GE's additively manufactured fuel
nozzles, which are additively manufactured as
a single part; they formerly involved the assem-
bly of 20 different parts.*® These nozzles, used
in GE’s LEAP engines, are reported to be five
times more durable than those produced using
conventional methods.”

Improved functionality with embedded
electronics: Ongoing advances in additively
manufactured electronics embedded in parts

1
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offer product innovation opportunities. The
field of embedded electronics, particularly for
unmanned aerial vehicle (UAV) applications,
is gaining momentum, Says David Kordonowy,
aerostructures research group lead at Aurora
Flight Sciences:

“Fhe ability to fabricate functional electron-
ics into complex-shaped structures using
additive manufacturing can allow UAVs to
be built more quickly with more custom-
ization, potentially closer to the field where
they're needed. All these benefits can lead
1o efficient, cost-effective fielded vehicles*

The marriage of embedded electronics and
AM is still nascent, and it currently appears
relevant in the context of simple electronics. Its
applicability to harsh defense environments is
foreseeable only in the long term.

Ease of product customization: As dis-
cussed earlier, the scope economies enabled by
AM can allow companies to customize prod-
ucts to customer requirements in much lower
volunies than possible with traditional manu-
facturing. Companies that seek to develop
customized versions of existing products, or
develop new products altogether, need not
change their production machinery. Savings
in changeover time and effort enable compa-
nies to get products to their customers faster,
improving their market responsiveness. One
AM expert gave the following example:

“A supplier of storage cabins moved com-
pletely from plastic molding to AM to print
storage cabins and handles for the first-
class cabins of a large commercial aircraft,
First class is situated close to the nose of the
aircraft, which is pointed, and each part has
to be customized to fit in the “arch” design,
thus making these parts a right fit for AM.
Conversely, economy cabins are situated in
a straight body, so parts are repeatable.”

Overall, improved product functionality
as well as the development of new products
using AM will offer opportunities for prod-
uct innovation as well as revenue growth in
existing and new market segments. Progress
down path III can improve companies’ market

responsiveness, thus enhancing their perfor-
mance and prospecls for growth.

Path IV: Combined supply
chain and product evolution—
AM'’s long-term role in
business model changes

In the last 30 years, AM applications have
expanded from rapid prototyping to rapid
tooling to end-part production as well as to

the production of replacement parts. Path IV,
“business model evolution,” foreseeable in the
long term, is the most significant path in terms
of its impact on A&D companies’ products and
supply chain structures.

Collaboration with suppliers to create
new products using AM: Currently, compa-
nies are using AM to improve the functionality
of existing products or to build customized
products. Going forward, this will continue.
Additionally, in the long run, as AM technol-
ogy improves, companies will likely take a
step forward and leverage AM for designing
new products altogether that are difficult to
design and manufacture through conventional
techniques. A&D companies are likely to col-
Iaborate with their suppliers and AM providers
to build improved or new products using AM,
'The need to choose suppliers based on their
AM expertise is likely to impact A&D com-
panies’ legacy supply chains. Some companies
have already taken steps in this direction.
Lockheed Martin is working with Sciaky to
develop structural components for the B-35
aircraft.’® An F-35 flaperon spar made through
EBM can save about $100 million compared
to the cost of a spar made through traditional
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manufacturing over the 30 years of an aircrafts
lifetime.™ Savings will naturally multiply as
more parts are fabricated using AM.
Acquisition of niche AM providers to
build in-house AM capabilities: On path IV,
A&D companies may also choose to acquire
select AM players to improve their in-house
AM capabilities for critical applications, thus
leading to some degree of supply chain disin-
termediation. For example, in early 2013, GE

Significant changes in products
through the use of AM will

create opportunities for

innovation and revenue for

A&D companies.

Aviation acquired Morris Technologies and
Rapid Quality Manufacturing (RQM); both
companies had earlier supplied additively
manufactured parts to GE.* GE Aviation also
plans to triple its AM staff over the next five
years from a headcount of 70 in 2013.%

With an increasing emphasis on AM’s
adoption through organic and inorganic
means, AM and traditional manufacturing
can serve as complementary technologies to
further companies long-term strategic impera-
tives. Lockheed Martin's recent initiative to
introduce a digitally integrated design and
manufacturing process for its space applica-
tions is a good example. As highlighted by
Dennis Little, vice president of production at
Lockheed Martin, there are no hitches when
the product advances from a 3D CAD model
to the shop floor as traditional fabrication is
replaced with an automated process:

“Our digital tapestry of production
brings digital design to every stage of the
production process for a fluid product
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development cycle. From 3D virtuai path-
finding simulations to 3D printing, we
are using innovative digital technology to
streamline the manufacturing process for
lower cycle titnes and reduced costs for our
customers.”*’

Production at or near the point of use:

As AM has the potential to reduce the capital
required to reach the minimum efficient scale
for production, companies can set up newer
facilities at or near customer
locations. Currently, we

see only limited examples
of on-site manufacturing,
but on-site manufactuz-

ing is likely to expand to
wider commercial and
defense applications in the
long term. The US Army’s
Rapid Equipping Force is
deploying mobile AM labs
in Afghanistan to manufac-
ture quick replacements for
products on the battlefield ™
Similarly, NASA is working
to install an AM device at the International
Space Station.® Printing on-demand parts in a
micro-gravity environment is well within the
realm of the possible.

Significant changes in products through the
use of AM will create opportunities for innova-
tion and revenue for A&D companies. As AM’s
adoption increases, fueled by economies of
scope, companies may choose to manufacture
critical components in-house. For other appli-
cations, they are likely to work with a limited
number of suppliers that have experience and
expertise in AM deployments. These changes
are likely to lead to some degree of supply
chain disintermediation, as well as changes to
how suppliers are chosen. Overall, the changes
that path IV will drive in companies’ products
and legacy supply chain structures will cause
their business models to evolve in ways that
bring the value embedded in paths IT and 1IL

13
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N December 2013, we interviewed several

experts in the field of AM to get their views
on the implications of the technology for the
A&D industry. We took them through a struc-
tured interview process and cross-compared
their responses. Although we cannot claim
a comprehensive review of all opinions that
might exist, we are confident that we obtained
a representative sample of qualified reviews of
the AM industry.

Owur Hterature review and discussions
with AM providers and
experts highlighted that
only a few leading A&D
commpanies are proac-
tively ramping up their
existing manufacturing
capabilities to be able to
leverage AM for main-
stream applications as
AM systems improve in
functionality and materi-
als science matures,
Other executives are

conservative and appre-
hensive about the stress that AM could bring
to their operations. They are looking for suc-
cessful case studies before committing capital
to AM setups. It is here that the role of service
bureaus becomes critical, as A&D compaties
can use them to access the AM technology
without the need for huge capital investments
and technical know-how. The following are
some common reservations expressed by
A&D executives.

How real is AM? Is it just another
new technology or are there
any long-term implications?

Currently, the benefits of AM for A&D
applications have been demonstrated through
research studies conducted by select A&D
companies and AM providers under controlled
conditions. However, the approach used to
conduct these studies is not always available
in the public domain, making it difficult for
executives with limited practical exposure to

Only a few leading A&D
companies are proactively
ramping up their existing
manufacturing capabilities to be
able to leverage AM.

AM to judge the studies’ validity. One AM
expert we spoke with said, “Of course, some
of the leading aerospace companies have done
extensive research, and they have all the data
about the heating and cooling rates and how
the stracture is formed, etc.—but it is kept
in-house and is not in the public domain?
AM providers need to sensitize and convince
A&D customers that AM performs, not just in
research labs, but on the shop floor as well.




We own and understand existing
manufacturing processes, but
we are not so sure about AM.

As with any new technology, A&D execu-
tives have varying risk appetites when it comes
to embracing AM. A&D experts have decades
of experience and expertise in metals, plas-
tics, and composites, as well as in their use in
conventional machining. But their understand-
ing of AM continues to be limiited, because
even though the technology has been around
for 30 years, activity has accelerated only in
recent years. Onie AM expert we interviewed
said, “A fot of senior executives I speak to are
not very comfortable with AM. With their
collective experience in conventional machin-
ing that runs into the hundreds of years, they
are comfortable with the knowledge they have
about how metals behave, the properties of
the materials, what can be done, what cannot
be done. Suddenly a new technology comes
along, and they are very apprehensive, as there
is limited understanding of the grain structure
and how the parts will be formed in AM.”

We are a diversified manufacturer.
Can AM help across the board?

A&D executives are keen to understand the
extent to which AM systems can be deployed
for varied applications in their organizations.
We believe AM is especially relevant for diver-
sified companies, as they can use AM systems
for applications across business segments.

AM can produce a “sword and a plowshare”
sequentially without any change in the pro-
duction machinery, thus demonstrating the
technology’s versatility to produce different
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products with reduced changeover time and
effort." GE, for instance, uses AM for applica-
tions across segments such as aviation and
health care. Christine Purstoss, global techni-
cal director of manufacturing and materials
technologies at GE, said:

“We are committed to driving [AM] in
as many areas as we can,,. We will always

work with our strategic partners to do

what's right for our coflective companies.™”

We make specialized equipment; we
can’t take chances with reliability.

Amid stringent regulations for commercial
and defense manufacturing processes, consis-
tency of quality is something on which A&D
executives cannot compromise. As one AM
expert described A&D executives’ concerns
about repeatability in AM applications, “A&D
executives are particularly skeptical about
replication accuracy, which is yet to be brought
down to about the 2 micron level” An AM
parts manufacturer that supplies parts to A&D
customers described the gap between what the
A&D industry requires and what AM systems
typically deliver: “The accuracy that you can
get through most metal AM machines is about
30-40 microns, while aerospace companies’
tolerance limnit is less than 10 microns; so cur-
rently we have the additional task of machin-
ing [the excess] away.” AM providers need to
improve existing systems to be able to con-
sistently deliver high-quality parts; only then
will AM likely reach its full potential in the
A&D industry.

15
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AIVI'S ability to manage small volumes,
create complex designs, and fabricate
lightweight but strong structures makes it a
natural fit for the A&D industry, which is nota
mass-production industry in the typical sense
of the term. In its current state, the technology
faces some challenges
associated with size
and scalability, high
material costs, narrow
range of materials,
fimited muiti-material
printing capabilities,
and consistency of
quality. Continuing
advances in AM tech-
nology and materials
science are likely to
address these limita-
tions and are expected
to drive wider adop-
tion of AM in the
A&D industry.

Size limitations:
AM underperforms
traditional manufac-
turing when it comes
to the production of large A&D components.®
AM providers are focusing their R&D eflorts
on addressing the size limitations of existing
AM systems. Lockheed Martin is working with
Oak Ridge National Laboratory (ORNL) on a
big-area additive manufacturing (BAAM) sys-
tem in which multiple deposition heads work
in coordination to build large parts in an open
environment, unconstrained by the typical

Continuing advances
in AM technology
and materials science
are likely to address
these limitations and
are expected to drive
wider adoption of AM
in the A&D industry.

envelope size.* BAE Systems developed a 1.2-
metet titanium wingspar in collaboration with
Cranfield University in December 2013.%

Scalability limitations: A&D companies
that use traditional manufacturing and sourc-
ing methods face the challenge of stocking
{arge inventories, &
majority of which may
be unused. On the
other hand, AM sys-
tems may not be able
to scale up production
when required, AM
providers are working
to improve the build
speed of existing AM
systems to support
the industry’s bulk-
production needs.*
As one AM expert
suggested, AM sys-
tems where different
parts can be produced
concurrently or
where production and
unloading can happen
simultaneously will
help improve AM’s scalability.

Narrow range of materials and high
material cost: AM predominantly uses a
narrow range of polymers and metal powder
to manufacture A&D parts, and the costs of
these materials are much higher than that of
the materials used in traditional manufactur-
ing methods. In 2013, AM thermoplastics cost
about $200 per kilogram, while those used




in injection molding cost only $2." Similarly,
the stainless steel used in AM costs about $8
per square centimeter, which is more than 100
times the commercial-grade stainless steel used
in traditional manufacturing methods.**

Over the next few years, advances in mate-
rials science are likely to expand the choice of
AM materials and bring their cost down. One
of the AM experts we interviewed said:

“Traditionally, hardware capabilities have
driven materials science developments,
But we are going through a change now
where material developments will start to
lead hardware developments ... In the inter-
mediate to long term, it should not be sus-
prising to see AM companies getting into
materials science in a pervasive symbiotic
relationship—the marriage of technical sci-
ence with materials science.”

Limited multimaterial printing capabil-
ity: AM systems that can print with multiple
materials at a time offer huge design flexibility.
Currently, only a few such systems are avail-
able.”” Advances in multimaterial printing
capabilities will help designers make a part
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using different materials with varying proper-
ties, For example, one section of an aerospace
patt can be buitt from a material with flame-
tetardant properties, while other sections can
be made of an extremely lightweight material.®

Quality consistency: Quality consistency
issues, especially in producing fully dense
metal parts, result from excess heat that leads
to stress and voids, particularly on layer
boundaries, Repeatability can be improved by
embedding controls within the machines so
that in-situ dimensional accuracy is ensured,
as well as by subsequently conducting auto-
mated inspections. According to one expert
we interviewed: “Currently, the strength in the
plane of layers is not uniform. Those are issues
to be dealt with. In principle, you can deal with
those quite well because you have access to
each [ayer and the entire geometry. You can see
every layer being laid down. I see these [issues]
as temporary hiccups to getting good-quality
parts, because you can, in principle, do a 100
percent computerized inspection in a com-
pletely automated process.”

17
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M’S capabilities speak to the core of the

A&D industry’s objectives and concerns.
The technology enables design complexities
that are hard to match with traditional manu-
facturing techniques. At the same time, AM
helps reduce parts’ weight, leading to improved
fuel efficiency. The technology can also manu-
facture complex parts as single-component
systems, And as discussed earlier, AM reduces
the capital required to achieve economies of
scale and scope, helping companies to enhance
products and supply chains.

With these inherent attributes, AM is a

natural fit for many A&D applications, It
is not surprising that the technology has
been increasingly adopted in the last three
decades, starting from prototyping to end-part

production in recent years, Figure 6 summa-
rizes ways that AM can help A&D companies
improve their production processes.

Figure 6. Where can AM help?
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Speeding time to market

Figure 7. AM considerations/impact on companies’ business functions
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There is little doubt that AM’s penetration
into the A&D value chain will grow. A&D
companies should carefully assess how AM can
help advance their performance, growth, and
innovation goals, Companies’ choice of AM
paths will depend on their choice of strategic
imperatives and value drivers.

Historically, A&D companies have pursued
path I, the least risky AM path. Even with no
major changes in their product offerings and
supply chains, companies can reap benefits
by deploying AM in prototyping and tooling
applications that help reduce product devel-
opment time and costs. In the medium term,
as AM technologies and materials science
advance, companies are likely to pursue path
11T to build end parts with improved function-
ality. The prospect of additively manufacturing
increasingly complex items at little additional
cost will likely fuel the development of new
products that can lead to growth opportunities
within new customer segments. Also, AM’s
increasing use in the MRO industry may lead
to a certain degree of distributed production.
In the long term, A&D companies are likely to
leverage AM for both product evolution and

A Deloitte series on additive manufacturing

supply chain improvements. A combination of
improved manufacturability and supply chain
disintermediation could lead to changes in
companies’ business models.

As companies increasingly look to AM in
pursuit of their strategic inyperatives, they will
need to factor various strategic considerations
into their business functions (figure 7).

As shown in figure 8, depending on the
extent of AM deployment, A&D companies
will need to make changes that will allow them
to reap benefits at each stage of the value chain,
While AM opportunities, as well as the likely
benefits from AM, are more significant in the
earlier stages of the value chain, the technol-
ogy's impact across the other stages should
not be dismissed. Some benefits, such as parts
simplification and weight reduction, can be
obtained in current applications; others, such
as production at/near the point of use, are
foreseeable only in the longer term.

The comparison of what companies
need to know and do and the benefits they
could accrue highlights AM as an impo-
tant element of the way forward for leading
A&D companies,

Figure 8. Strategic considerations and benefits for AM adoption across value chain elements
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SmarTech has identified four ways that the aerospace industry expects to derive
value from additive manufacturing (AM) in the aerospace field at the strategic level.
In this White Paper, we examine four supposedly critical aspects of AM in the
aerospace industry, which are (1) reduction of lead times, (2} reduction of component
weight, (3) reduction of both production and operational costs, and (4) reduction of
the negative environmental impacts of production. Our research has revealed that
some of these factors will be a source of great value for aerospace manufacturers
over the next ten years, while others contain more fluff than substance.

The analysis in this report comes from SmarTech’s recent report “Additive
Manufacturing Opportunities in the Aerospace Industry: A Ten-Year
Forecast.” More details of this report can be found at Additive Manufacturing
Opportunities In The Aerospace Industry: A Ten Year Forecast! , or by contacting Rob Nolan
at (804)-938-0030.

Prolog to Additive Aerospace

Aerospace manufacturers have used additive manufacturing systems since AM's
beginnings in the '80s. But in the past few years, rapid advancements in AM
technology have led applications of the technology in the aerospace industry to
proliferate. AM formerly occupied a niche role in aerospace manufacturing as a
technology for prototyping. As recent developments suggest, however, AM is rapidly
becoming a strategic technology that will generate revenues throughout the
aerospace supply chain.

Firms that are already committed to shifting the strategic dynamics of AM in the
aerospace industry include: Boeing, Airbus, Lockheed Martin, Honeywell, and Pratt &
Whitney. Some of the most important recent examples include:

« Airbus is exploring 90 separate cases where AM might be applied on its next
generation commercial aircraft.

o GE is set to manufacture up to 100k parts with AM by 2020.

« EOS envisions a future where ten to twenty metal laser-sintering systems whir
away in a production center creating large runs of end-use parts. This is a
vision that GE has already started down, when it announced a $50-million
investment to outfit its facility in Auburn, Alabama to manufacture its AM fuel
nozzle. This announcement it seems is the first of many to come.

! http://smartechpublishing.com/fepsrts/adciitive-manufacturing—opportunities-in-the-aerospace-industry—a—ten-year~f
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« Boeing aiready uses this technology to build everything from ducts to turbine
blades to UAV parts.

As these companies continue to yield impressive results from their AM endeavors,
SmarTech expects the pressure to mount for companies not currently investing in
the technology to jump in so as not to be left behind. As we see it, AM will become
part of the regular lexicon of aerospace engineers over the next ten years. For some
projects, it will even become the go-to manufacturing technology.

Gtill, there are many question marks that stand in between now and when AM will
hecome a serious manufacturing technology In the aerospace industry. Many
potential operational hurdies, such as high metal powdered material costs and a lack
of in-situ monitoring systems, threaten to deflate AM’s ascendency. Such issues
create confusion around the ultimate value of AM in aerospace. However after in-
depth research of aerospace applications, end-users, and AM eguipment
manufacturers, SmarTech believes that the market for AM will indeed be substantial.
The summary forecasts of our research are presented in Exhibit I below.

Exhibit | : AM Aerospace Market Summary

Services (millions 5}

@ Sofware {milfions 5)

& Materials (millions $)
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2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: SmarTech Markets Publishing

Reducing Lead Times for Components: Greatest Source of
Value

smarTech’s analysis suggests that AM has considerable potential in aerospace. We
also believe that reduced lead times for both new and replacement parts are perhaps
the greatest source of value for AM in aerospace over the next ten years.
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As a rule of thumb, aerospace experts now believe that AM can reduce the lead-time
for a part by 80%, compared with conventional manufacturing methods. This may
allow aerospace manufacturers to redesign a part up to five times more during a
standard component development cycle, leading to significant performance
improvements of the components.

Manufacturers are already realizing dramatic cuts in lead-time for AM produced parts.
For example, Kelly Manufacturing Company was able to reduce the production time
for 500 housing components from three-to-four weeks to just three days using plastic
laser sintering technology. Applications like these will, we believe, create significant
value for producers and customer alike over the next decade,

Meanwhile, reduced lead-time for older replacement parts can be quite valuable in
commercial airliners:

e In the future, lean manufacturing with AM equipment could shift the entire
inventory for aerospace parts. The ability to quickly feed a CAD/CAM design
into a 3D printer and produce a part can lower the number of minimum
inventory aerospace manufacturers need to keep of a part

e For commercial planes whose average life expectancy is now 30+ years,
circumventing the need to maintain and replace old tooling is a notable
inventory cost advantage for manufacturers. According to Airbus the
turnaround for test or replacement parts can now be as fow as two weeks.
These parts can be rapidly shipped to and installed in a broken down plane to
help get the plane back into the air and making money for the airline.

« Furthermore, the ability to incrementally scale capacity of 3DP parts by adding
individual machines means that one no longer has to produce numerous extra
components to recognize economies of scale in manufacturing. However, it is
still very difficult to covert old part plans to digital files.

Design Improvements: The Future of Aerospace Components
is Optimized

Another potential source of value in AM is through optimized design of components.
AM production enables new geometries or parts that can only be build one layer at a
time. These features include organic contours, lattices, internal cooling channels, and
even integrated electronics. Exhibit II presents a number of high-value components
whose design AM has been used to optimize in the last two years.
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Component Reasons For AM Company Associated

Production With
Airfoils Complex, heavily RTI Int'l
machined part
Rakes Complex; pressurized line | RTI Int'l; Mercury Centre
Guide Vanes Complex, heavily RTI Int'l
machined part
Impellers Optimized design Mercury Centre
Turbine Blades Lower potential scrap Arcam; GE
rates

Source: SmarTech Markets Publishing

Many designs are improved by through radical simplification. Sub-assemblies that
once had to be melded to together in many separate processes can now be printed
in either a single or a few parts:

« Perhaps the most publicized example of this is the GE fuel nozzles, whose
organic internal cavities reduce “coking”, or carbon build-up within the nozzle.
This enhances the performance and fuel efficiency of the nozzle over time. GE
engineers state that these geometries could only be realized through the AM
process.,

« In the F/A-18 E/F forward fuselage, Boeing was able to consolidate its design
into 41% fewer parts than what they required previously, Component
simplification trickles down through operational processes, further reducing
costs. Fewer parts means fewer component checks and less documentation for
an aircraft operator, further saving on costs.

These are dramatic developments and SmarTech expects to see more of this kind
of this redesign process occurring in aerospace development over the next few years.

Reduced Component Weight: An Advantage Overstated?

Weight reduction of aerospace components carries a huge premium because airline
operators can recognize the value of these reductions over the average plane’s 30+
years of operation:
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« AM can undoubtedly help reduce the weight of aerospace components by
printing more efficient geometries and lattice structures that carve out large
amounts of unnecessary material.

o Early tests have shown that component reduction is commonly around 30% of
the component weight, Thus, a study published by equipment manufacturer
EOS and Airbus Group Innovation Team in February of 2014 showed that the
weight of a Nacell Hinge could be reduced by 35-55% and shave 10 kgs off
the entire aircraft weight.

o Nonetheless, SmarTech finds the overall opportunities to reduce aircraft
weight as wholly overstated:

« Some studies have cited weight reduction of parts that are not actually
airworthy. By the time such components are buiked up sufficiently to be used
in an airplane, weight reduction is less impressive; on the scale of 10-20%.

e AM is limited to titanium applications. AM is not currently able to supply
Aluminum 4043 parts that meet air regulation requirements

« AM can only currently address planes' secondary structural components. This
precludes the substitution of AM components for heavy primary structural
components, such as wing spars.

These limitations on applications in an aircraft lower the overall weight savings
attainable through AM applications. As SmarTech sees it, this is not enough to make
a strong case for rapid implementation of AM parts across an airplane. This is
especially true, given the fact that total weight reductions will most likely be
measured against the last major weight saving initiative, which substituted advanced
polymers for aluminum hulls. This initiative is posited with a 20% weight reduction
over the entire plane, not just over individual components. When compared to
previous weight reduction initiatives, it's clear that AM will not easily match previous
fevels.

Reduce Environmental Impact: Reputation vs. Actualities

AM has often been pitched as a “green” technology. But much of the environmental
benefits are realized through reducing the weight of components which, as we have
already discussed, has its limitations.

Another “green” impact can also be realized through lower material consumption
during the print process because only the material being formed into the object is
used:
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« Excess powder can be sifted and re-used, increasingly with automatic powder
recovery systems attached to the 3D printers. However, the 3D print process
itself is an energy intensive process.

e AM can improve buy-to-fly ratios well past an industry standard 30%. The
buy-to-fly ratio is the weight ratio between the raw material used for a
component and the weight of the component itself.

SmarTech believes that as many companies in the aerospace industry continue to
shift strategies to become more environmentally responsible, AM’s reputation as a
green technology may be more valuable than actual energy savings. The facts are
that energy consumption for AM processes are quite high and don't lead to
recognizable carbon reduction in the actual manufacturing process. Furthermore,
while the process may result in better material consumption rates, the high price of
suitable metal powder material limits these rates from translating into cost reductions

for manufacturers.

As shown in Exhibit III, there are many things that need to occur for AM to become
a mainstream manufacturing technology in the aerospace industry. These bottlenecks
hold the key to gauging future opportunities in this sector.

Imperative

Current Gap

Solution

Aerospace suppliers
{especially tower-tier
suppliers) must beef up
CAD/CAM expertise

Limited skilis in CAD/CAM
means suppliers can't
recognize the benefits of AM
systems.

Aeraspace can't define its
exact requirements from AM
equipment suppliers, leaving
them to guess at what
equipment is needed.

Aerospace manufacturers need
to develop the expertise to
participate more in the AM
design process. This includes
not only defining exactly what
they need from AM equipment
manufacturers, but also taking
actual stakes in the ongoing
development of these machines.

AM manufacturers must
advance their
engineering and
materials expertise.

AM equipment manufacturers
lack the skills to address
high-end aerospace
applications and develop
necessary quality monitoring
equipment.

AM manufacturers can no longer
afford to be specialty equipment
manufacturers. Instead, they
have to develop the skills in
materials that will drive better
qualification methods and allow
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Imperative

Current Gap

Solution

them to communicate with
aerospace engineers.

AM manufacturers need
to open up machines to
non-proprietary materials

Closed material supply and
equipment that only works
with proprietary material
strips the market of supply,
reducing competition and
innovation.

Material costs are too high for
mass adoption

Opening equipment to other
materials will invite new
entrants. The flexibility to use a
greater variety of materials
allows aerospace manufacturers
to find more applications.
Meanwhile, more price
competition will help fuel
equipment sales across the
industry.

Better communication
standards must be
established in the AM and
CAD/CAM industries

Awkward communication
between different programs
makes collaboration more
difficult.

Bridge or translational software
could be viable stopgap, but
real improvement will take
collabaration in the industry to
establish common protocols.

Development of in-situ
monitoring systems
within AM equipment

There are very few tools
currently available to track
what's going on inside AM
equipment. This increases |ot
sizes of test components and
requires expensive post-
manufacturing checks.

This presents opportunity for
elther OEMs or third party
metrology equipment
companies to develop solutions,
such as Sigma Labs is
attempting to do.

Source: SmarTech Markets Publishing

Then again, AM applications in aerospace face some serious challenges that may
prove more resistant to solutions than those listed above. Three of the biggest

challenges are:

+ Extended product development cycles threaten to protract AM adoption
patterns. In commercial aviation, new generation planes are designed every
seven-nine years. If large enough benefits cannot be realized with AM in a
given generation of planes, either because (1) the technology is not advanced
enough or (2) engineers are not familiar enough with the technology, then AM
might have to wait for the next plane generation to find substantial applications
in the aerospace industry.
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e Even more daunting is the fact that aerospace is an industry where products—
that is, the planes themselves—are pre-sold up to eight years in advance. So
the question is: where is the real impetus to radically change production
methods at all? As the examples that are provided in this White Paper show,
this factor has not proved daunting for some major aerospace companies, but
might for some,

e Aerospace manufacturers may have to endure a painfully slow period where
regulatory authorities get familiar with this new manufacturing process.

SmarTech expects that innovators will find unique solutions to the imperatives and
challenges discussed above. This will all be accomplished with the intent of deriving
value from the benefits discussed that are the focus of this White Paper. As we have
indicated, we think that not all of these benefits were created equal, but they all
matter. In fact, SmarTech believes that the best AM strategies that aerospace firms
can deploy will be those that take advantage of several of the factors we discuss.

An obvious example of this can be found in the GE nozzle, which has become such a
poster child for AM aerospace manufacturing. Here, GE was able to reduce the
number of parts in the fuel nozzle, reduce weight, and improve the performance of
the nozzle over time.

Final Conclusions

As we see it, all the fuss and excitement over AM in aerospace is justified, At the
same time, like any business strategy implementation, an AM-centric strategy takes
careful forethought that includes leveraging AM to augment aerospace manufacturing
processes.

AM in aerospace therefore still has some way to go before it finds a mature strategic -

role as a technology for rapid manufacturing. Given the time frame at which the
aerospace manufacturing business operates, it could be a decade before that
maturity sets in. However, this process will be important not just to the aerospace
industry, but to the AM sector as a whole. This is because the aerospace sector is,
for now, the largest single source of demand for production-grade AM equipment.

In SmarTech’s report “Additive Manufacturing Opportunities in the Aerospace
Industry: A Ten-Year Forecast” we break down the AM in aerospace into its most
basic elements. Available equipment, industry make-up, component supply chain,
key players, benefits, applications, and processes are ail explored to arm our clients
with the information needed to drive meaningful business decisions.

Please visit us at www.smartechpublishing.com or contact us at
sales@smartechpublishing.com
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3D printing for Aerospace: "Additive manufacturing will change the game
forever"

TCT brings you up to date with the latest developments in the aerospace sector and finds out why the major players are working
towards the day when 1000 3D printed parts on a plane is not a major story - just simply part of the job.

by Laura Griffiths

RSS Print

1000 3D PRINTED PARTS
ON AN AEROPLANE

Paramount fo additive manufacturing is the ability to create objects we
wouldn’t have previously thought possible. We've heard a lot about
these ‘impossible objects’, sometimes it’s the AM experts that are
offering these breakthrough ideas to various industries and other times
it’s the clients themselves, major industrial companies, asking ‘is this
even possible?’

The aerospace industry has provided some major headline grabbing
developments over the last few years and that's been even more
evident in just the last few months. Talk to anyone about 3D printing and
chances are they've heard one of the more famous examples like the
one about the plane that's being flown with 1,000 3D printed parts or the
one with the huge 3D printed turbine.

The radical fact about aerospace is we're not just talking about
prototypes but real functional parts that are being used in aircraft, some
of which have been on commercial vehicles for the last year without the
need for a huge parade and ceremony to back them up,

Airbus was the name behind the recent sexy “1,000 3D printed parts on
board an aitcraft’ story that saw Stratasys FDM 3D Production Systems
used in place of traditionally manufactured metal parts.

Stratasys, Aerospace & Defense Business Development Manager, Scott



Sevcik, explained: “With Airbus they identified a risk within the supply
chain and with bringing parts to the aircraft in time so they looked at 3D
printing as an alternate means of production. They spent about a year
qualifying the material and the process so they could have high
confidence in putting these parts on aircraft and meeting certification
requirements. Once they reached that threshold of having the
specifications in place and being able to meet them that opened up a
world of opportunity for them and they took advantage of it and in the
A350 case, printing a large number of parts for the first few aircraft.”

¢ "Aerospace is'provingitseliias the

* ultimate modeltfor that

Delivered in 2014, the parts were 3D printed using Airbus

certified ULTEM 9085 resin which provides high strength to weight ratio
and is flame, smoke and toxicity (FST) compliant for interior aircraft
applications.

“With aerospace everything takes time," Scott commented. “The relevant
materials have now been on the market for a few years so companies
can get that testing under their belt and that understanding, to
understand material properties better and build that confidence. With a
company like Airbus that's very significant.”

Materials are high on the agenda in the sector with developers working
on new, high strength resistant materials that are tailored towards
aerospace applications.GKN Aerospace recently launched a three-year
project to develop a new titanium powder for aerospace components.
The Titanium Powder for net-shape compaonent manufacture (or TIPOW)
program is a £3.1 million collaborative research project which will
investigate and define suitable development, production and reusability
of titanium alloys and powders for aerospace,

Demonstrating the force of these dedicated materials, rocket
manufacturer, United Launch Alliance is set to fire a 3D printed
component on board the Atlas V launch vehicle next year. Also using
ULTEM 9085, the Environmental Control System duct was printed on a
Stratasys Fortus 900mc 3D production system, consolidating its
previous 140-part count to just 16. Scott explained:

“With United Launch Alliance they kind of
take it a step further. They’re actually looking
at applications on their vehicles and




redesigning them to reduce part count,
weight and cost and really take advantage of
not just an alternative faster production
method but a method that can produce a part
that couldn’t have been produced before.”

Redesigning the launch component significantly reduced the installation
time and was able to lower part production costs by a huge 57%. The
component has undergone extreme environmental tests to ensure its
capability, which proved the part was able to withstand the same intense
stress and pressures faced by the traditionally manufactured, original
part.

Scott added: “With the design freedom you can consolidate parts which
simplifies the supply chain and reduces costs and risk. There are a lot of
benefits to being able to redesign. You can take that a step further in
applications where you can actually replace metal components with
plastic components and have a pretty dramatic weight reduction. *

Certification is a major part of the development process for AM in the
aerospace sector with parts and materials having undergo rigorous
testing and certification examinations to ensure they reach industry
standards of functionality, quality and safety. The U.S. Federal Aviation
Administration recently approved the first 3D printed partto fly in a
commercial jet engine developed by GE Aviation, which took flight in
April.

Greg Morris, Leader, Additive

o 5 2
Technologies, GE Aviation, explained: | M\Hmmgﬁmmg s '
“Using additive manufacturing, we cut the LL ﬁi@@m@
design process by a year: we could test 4 iﬁi@'@?[ﬁ&‘/

prototypes quickly and move the best ‘ l fieeiig '
design to production much faster than ; '
conventional manufacturing techniques. &
Once in production, the part can also be : ;

made in a fraction of the time."

The new T25 3D printed sensor housing
made from cobalt-chrome alloy took one
year less to manufacture than the original part. Powering Boeing's 777
planes, the GE90 engine series is the world’s most powerful engine and
GE Aviation is currently working with the aerospace giant Boeing to
retrofit more than 400 GEQ0-94B jet engines with the 3D printed part.

Greg, added: “In contrast to traditional machining methods, additive
manufacturing enables us to build parts from the ground up. This
advanced technique means less material waste and more complex parts
that can be built precisely to optimise how they work inside a machine.
Additive manufacturing will change the game forever by freeing
engineers to design parts without the traditional limitations imposed by
conventional manufacturing.

GE Aviation is currently working on several next-generation engines that
benefit from advance manufacturing techniques. On the LEAP engine
for narrowbody aircraft and the GE9X for the Boeing 777X aircraft, GE
Aviation will produce part of the fuel nozzles with additive
manufacturing, a project which has already received more than 8,500




orders.

A new era of design

Effective design for AM requires sophisticated software and UK-

based Additive Design Consultancy (ADC) has been assisting the
aerospace industry with AM compaonents and assemblies using
specialist software that allows efficient design and testing of
components. Most recently, ADC has been conducting research into the
potential of AM in RF antenna design by looking at a range of different
technologies that allow the design freedom to create perfect geometry's
to bring new levels of efficiency and performance.

ADC director, Adam Arnold, explained: "We are particularly looking at
Aluminium as it has the electrical properties and great strength to weight
ratio. However there are further weight improvements to be gained from
looking at electroplated palymer based printed materials. This is of great
interest in aerospace and particularly UAV platforms for performance
reasons.”

pWien somsihing
BIDIpun@l0parts
p!- ael @planes

The key requirement from customers in the aerospace sector is weight
reduction but in order to achieve that CAD designs must meet all the
formal standards of aerospace engineering to produce quality parts
capable of withstanding intense environments and performance targets.
Adam explained:

"Being such an open ended design process,
designing to get the most out of AM for
weight reduction is challenging many
engineers, who do not have the tools, training
or experience to produce geometrically very

complex designs."

Adam believes the importance of this knowledge and expertise is vital to
highlighting advanced manufacturing methods as a competitive form of
production.

“Large companies, like airframe manufacturers, have teams of people
looking into the problem, and big budgets to throw at it. However, the
majority of the market, being made up of tier 1 and 2 suppliers to the




likes of Airbus, do not. In the future, the higher management of these
suppliers will need to buy in to the idea that making their products using
well designed AM parts will give them a significant competitive edge in
terms of performance and weight, and thus invest internally or buy in
expertise."

With more companies looking at the possibilities of advanced
manufacturing and implementing these technologies into real end-use
parts, aerospace is proving itself as the ultimate model for that
predestined shift from prototyping towards manufacturing.

Scott added: "When someone does something like print a 1,000 parts
and put them on aeroplanes — | don’t want that to be a story, | want that
to be commaonplace and | think it will be very, very soon.”

Additive Design Consultancy 3D Printing News  Aerospace Manufacturing GE 3D Printing

aerospace  Stratasys  GE Aviation

by Laura Griffiths
3 July 2015 11:44

Additive Manufacturing
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FOX VALLEY REGION COLLABORATIVE AEROSPACE CLUSTER DEVELOPMENT
MEMORANDUM OF UNDERSTANDING

L. Background

The East Central Wisconsin Regional Planning Commission was the recipient in
2013 of a federal grant from the Department of Defense, Office of Economic Adjustment
(DoD-OEA) following cuts in defense spending which resulted in the loss of more than
2000 direct jobs at Oshkosh-based DoD contractor Oshkosh Corporation and hundreds
more in the regional economy. The purpose of the grant was twofold: to provide direct
assistance to suppliers and employees in the region and to assist with economy
diversification efforts already underway. One such diversification effort was to develop a
business cluster focused on aerospace to better leverage significant regional assets to
support such a cluster. Leaders in Oshkosh had begun work on this effort in 2009 and
financial support for continued planning work on the project was provided through the
DoD-OEA grant.

DoD-OEA provided funding support for a study to determine which types of
aerospace businesses were best suited for the region and to devise an aerospace
cluster development plan. The airports included in the study are Wittman Regional
Airport in Oshkosh, Appleton International Airport in Appleton, Fond du Lac County
Regional Airport in Fond du Lac and Austin Straubel International Airport in Green Bay
(Partner Airports).

DoD-OEA also provided funding for the Partner Airports and the communities in
which they are located to determine how best to work with each other collaboratively to
develop the aerospace business cluster on a regional level (“Aerospace Cluster”). The
Partner Airports and their communities (the “Fox Valley Region”) also understand the
value of developing the Aerospace Cluster regionally. The Fox Valley Region will be
stronger and the Aerospace Cluster more successful if we work together rather than

individually or against each other or in competition with each other.

Accordingly, the Partner Airports wish to enter into a Memorandum of

Understanding setting forth their agreement with respect to the Aerospace Cluster




(MOU). In addition, the airport directors and economic development professionals in
the Fox Valley Region also wish to enter into a Code of Conduct with respect to the
Aerospace Cluster, which is set forth as Exhibit A to this MOU.

2. Agreement

A Collaborative Cluster Development. The Partner Airports agree to collaborate

with each other to develop the Aerospace Cluster.

B. Role of Wisconsin Aerospace Partners. It is recognized that a neutral party is

needed to assist with Aerospace Cluster development efforts. Wisconsin Aerospace
Partners (“WAP") is a state-wide industry-led organization created with the purpose of
advancing the development of aerospace businesses, opportunities and resources in
Wisconsin. ltis an independent, private not for profit corporation funded primarily by
industry. The Partner Airports agree that WAP will have responsibility to market the
region to advance the Aerospace Cluster and function as the initial point of contact for
prospects interested in the region; provided, however, so long that WAP has one or
more staff members dedicated to supporting the Fox Valley Region Aerospace Cluster.
WAP will share information with prospects about each Partner Airport and it will be up to
the prospect to choose its location. Once the prospect has chosen its location, the
Partner Airport takes responsibility for handling that prospect. Other Partner Airports will
not contact a prospect directly before or after it has made a location decision except at
the direction of WAP.

C. Regional Aerospace Cluster Development Council. The Partner Airports agree

to join and participate in the Regional Aerospace Cluster Development Council
(“Aerospace Cluster Council”), a commitiee of WAP. Each Partner Airport shall appoint
one designee to serve on the Aerospace Cluster Council. The Aerospace Cluster
Council shall have responsibility for providing guidance on Aerospace Cluster

development efforts.

D. Deal Team Designee. The Partner Airports agree to designate a staff person

who will participate on a regional “deal team” which will be the point of contact for

Aerospace Cluster activities and a liaison to WAP. The deal team designee will be




responsible for providing WAP information about its Airport and community when

requested and work with WAP on Aerospace Cluster marketing efforts.

E. Joint Marketing. The Partner Airports agree to jointly market the region first as a

destination for aerospace related businesses, and their individual airport second. Each
Partner Airport shall work with WAP to develop marketing materials and to secure

funding to support regional marketing.

F. Code of Conduct Approved. The County approves the Code of Conduct,

attached, and directs the Airport Director to sign it.

G. Independence Preserved. Nothing in this MOU shall prevent a Partner Airport

from promoting and marketing its airport independent from the cluster marketing efforts
or from communicating with prospective prospects which contact the respective airport

directly for information.

Dated this day of , 2016

Mark L. Harris, Winnebago County Executive

Allen J. Buechel, Fond du Lac County Executive

Thomas Nelson, Outagamie County Executive

Troy Streckenbach, Brown County Executive




FOX VALLEY REGION COLLABORATIVE AEROSPACE CLUSTER DEVELOPMENT
CODE OF CONDUCT

1. Introduction

This communities of Oshkosh, Appleton, Fond du Lac and Green Bay, Wisconsin
(“Fox Valley Region”) have determined that it is desirable to collaborate to establish and
develop a regional aerospace business cluster ("Aerospace Cluster”). Each of the
counties in which these communities are located have signed a separate Memorandum
of Understanding in connection with the Aerospace Cluster which sets forth their
agreement with respect to joint marketing of the region and staff support for the
Aerospace Cluster (attached as Exhibit A). The airports involved in the Aerospace
Cluster development are Wittman Regional Airport, Fond du Lac County Airport,
Appleton International Airport, and Austin Straubel International Airport (“Partner
Airports”).

This Code of Conduct (“CoC") represents the standards that each signatory
participating in the Aerospace Cluster supports and practices in its daily conduct of
business. The signatories are: Peter Moll, Airport Director, Wittman Regional Airport,
Abe Weber, Airport Director, Appleton International Aiport, Sam Tobias, Planning
Director, Fond du Lac County, Tom Miller, Airport Director, Austin Straubel International
Airport, Jason VWhite, CEO, Greater Oshkosh Economic Development Corporation,
Steve Jenkins, CEO, Fond du Lac County Economic Development Corporation, Manny
Vasquez, Vice President, Fox Cities Regional Partnership and Peter Zaehringer, Vice

President, Economic Development, Green Bay Chamber (“Participants”)
2. Purposes

The Participants wish to make the Fox Valley Region attractive to aerospace
businesses and work collaboratively to develop the Aerospace Cluster. While the
Participants want to encourage businesses to locate at their respective airports, they
prefer not to do so at the expense of other Partner Airports. Inevitably, some
businesses, for their own reasons, will choose to explore relocation between Partner

Airports or location in at one Partner Airport over another. In cases of relocation, a




balance should be struck to allow the first Partner Airport the opportunity to retain the
business and the second Partner Airport/s the opportunity to attract it. However, if a
business has not expressed an interest in relocating, the Participants believe that
Partner Airports should not actively pursue or “poach” that business to encourage it to

move from its current location.

Also, the Participants recognize that we are a regional economy and the location
of a business in one community is not a determent to other communities in the region
but a benefit to all communities. The Participants also recognize that we will be more
attractive to businesses and site selectors if we collaborate and join together as a

region, rather than as individual communities.

The Wisconsin Aerospace Partners (“WAP”) is a new industry led consortium
with a mission to advance the aerospace industry in Wisconsin. It is believed that WAP
will be well positioned to provide assistance in developing the Aerospace Cluster within

the next twelve (12) months.

The purpose of this CoC is to: (1) facilitate interactions between the Partner
Airports to promote regional aerospace cluster development; (2) agree on attraction
protocols or the handling of prospects; (3) express the commitment of the Participants
that they will not actively pursue the relocation of a business that has not indicated that
it is considering a move from its current location at a Partner Airport; and (4) in
instances where a business is exploring a possible move, establish procedures to

balance the interests of the business' home Partner Airport and other Partner Airports.
3. Preamble

We, the Participants, set forth the following guiding principles of behavior,
standards of conduct and protocols to guide efforts in promoting the long-term economic
health of the Fox Valley Region through collaborative development of the Aerospace
Cluster. We fully realize that no Code of Conduct is of value without an inherent level of
trust in the integrity of one another and a commitment from each of us to conduct
ourselves af the highest levels of professionalism. The Participants acknowledge the

trust and respect for one another and in that spirit, set forth this Code of Conduct.




4. Guiding Principles

A. Regionalism. We are committed to the promotion of the Fox Valley Region as a
desirable business location for new and expanding aerospace related
businesses. We understand we will be stronger if we work together as a region
rather than individually or against each other. We shall endeavor to sell the Fox
Valley Region first and our individual communities and Airports second when it
comes to the Aerospace Cluster. We will not engage in attraction efforts that
encourage relocation of businesses between Partner Airports or that denigrates a

Parther Airport.

B. Transparency. We are committed to sharing among our Partner Airports as much

information as is necessary and prudent on any activity undertaken in connection
with the Aerospace Cluster. Our guiding principle shall be that “more information

is better than less.”

C. Business in the Driver's Seat. Location choices are to be driven by the business

seeking to locate (or relocate) in the Region.

D. Confidentiality. We will keep in confidence information shared by another

Partner Airport. We also understand that prospects we are working with may
request confidentiality and we each agree to respect that confidentiality and the
confidentiality pledges of our Partner Airports.

5. Pledges and Protocols

A. Atftraction Protocol. We are committed to locating aerospace businesses in the

Fox Valley Region. We agree to permit WAP to undertake initial prospect intake
to determine the prospect’s needs and share information about each Partner
Airport. It is up to the prospect to choose its location. We will not solicit a

prospect already working with another Partner Airport/s. In the event that our




Airport/community cannot meet the needs of a particular prospect we shall
communicate with our fellow Partner Airports in an effort to meet the prospect’'s

needs elsewhere in the Fox Valley Region.

. Anti-Poaching Pledge. We agree that, where a business has not indicated that it

is considering a move from its current location at a Partner Airport, we will not
actively pursue that business to encourage it to re-locate. “Actively pursue”
means to initiate contact with the business directly, with the intent of luring the
business, through cold calls, visits, mail solicitations, or marketing directed
specifically at that business. This does not preclude a community from generally
marketing itself as a good place to do business or generally advising its residents

about the benefits of locating their businesses in their home communities.

. Relocation Protocol. In the event a business located at another Partner Airport

contacts any Participant about a possible location at the Partner Airport in their
jurisdiction, we agree we will: 1) advise the business that we want to assist the
business so that their needs can be met; 2) advise the business of the terms of
this COC; 3) ask the business whether it has advised the Partner Airport or the
community in which the Partner Airport is located that they are considering re-
location and, if not, whether it objects to our advising the Partner
Airport/community of the inquiry, if the business does not object, we will promptly
notify the Participants from that community of the Partner Airport in writing of the
inquiry; 4) we will not propose or offer incentives to the business in support of a
relocation until either the business verifies that it has notified the its home Airport
of the possible re-location or we have given that notice to that Airport and the
Airport has had an opportunity to respond. This protocol applies only to

businesses with five (5) or more employees.




6. General

A. Review, Renewal, Withdrawal. This CoC shall remain in effect with respect to

a particular Participant until that Participant advises WAP in writing of its

intent to withdraw from the CoC. Such withdrawal shall be effective as of the
date of the notice. This CoC shall be reviewed and acknowledged by
Participants on an annual basis and such review and acknowledgement shall

be communicated in writing to WAP.

B. Modification. Should any Participant desire a medification to this CoC, it shall
advise WAP of this desire in writing. WAP shall then advise all Participants in
writing of the proposed modification and request their approval of disapproval
of it. Modifications shall be approved by a majority of Participants. If a
Participant does not agree with an approved modification, it may withdraw
from this CoC.

Agreed to this __ day of , 2016 by




Regional collaboration key to economic development

: %Jeﬁ Bollier, Press-Gazette Media  7:39 p.mi. CDT August 13, 2015

Stronger collaboration and marketing are needed to
boost regional economic development efforts in
Brown County and the Fox Valley,

That was the message four site selectors relayed to
local and regianal economic development leaders

Buy Photo

Thursday after they spent three days with business
{(Phata: Jelf Boflier/Press-Gazetle

Media) executives, educators and community jeaders fram

Green Bay, Appleton, Oshkosh and surrounding
communities.

“Yau've got to talk aboul your success stories. We went up and down the Fox River in
a halicopter, and | didn't know any of that stuff existed. It's just not out there,” said
Rrad Migdal, executive managing director for Transwestern, a Chicago-based
commerdial real estate firm. “We’re bombarded by economic developers on a
continual basis trying to share their success stories. You have 1o share your
information.”

Based in Chicago, Migdal is one of 275 site selectors in the United States whose job
is (o help companies find the right community for future factories, offices, call centers
and other business operations.

He said Northeastern Wisconsin boasts many of the assets companies seek,
including a solid workforce, available land, resources and an improving business
climate. But he said the state and region fall far short of states like Michigan and
Indiana when it comes to delivering a unified economic development message.

“T'here's no big problem to fix here, but there's also plenty of room for improvement,”
Migdal said. °| heard the message from everyone else, but | still don’t know what the
message from Wisconsin is. These efforts are not led by Green Bay's strategy or
Appleton’s strategy; it's led by the state. ... You are going to do a lot better if you
work together as a regional alliance.”

Pater Zaehringer, the Greater Green Bay Chamber’s vice president of aconomic
development, said he received the site selectors’ message loud and clear.

“We have to work on marketing, but we do have the assets and industry to give us
same bragging rights,” he said. “We also need to get to know (site selectors), If you
don’t know them, you're not going to be part of the original evaluation process.”

Although the site selectors may have called for more collaboration &nhd better
marketing, some of that cooperation is already happening, as evidenced by the
parinership that helped produce the site selectors’ tour of the region, said Fox Cities
Regional Partnership Vice President for Existing Industry Services Manny Vasquez.

The tours and Thursday's summit were co-sponsorad by the Greater Green Bay
Chamber and Fox Gities Regional Partnership.

“I’s great when you have two neighboring communities that typically compete for
business come together to deliver a cohesive message,” Vasquez said. "We hope to
continue to do this info the future. We're very excited about what this means to the
region and taking it a step further as we continue to collaborate.”




Site selectors’ rale in economic development is relatively low profile, but NCS

International President Jim Beatty said companies like his play a role in about 60
percent of business development decisions.

Beatty, an Omaha-hased consultant, helps place call centers, offices and informalian
technology operations. The tour of the region was his first experience in Wisconsin,
but he said it was a solid first step toward raising the region's profite.

“t would have no hesitation about putting Wisconsin on a list and looking specificaily
at this area,” Beatly said. “A visit like this enhances my ability to represent the area to
chentele. Each decision will come down to how an area compares to othars, buti
would be excited to bring a client here.”

Aliquantus Consulting President Alison Benton, a Dallas-area-hased site selactor,
agreed that the state and the region need to streamfine marketing efforis, highfight
the workforce's capabilities, speed up the response to companies’ needs and plan for
future growth.

“Companies need to know there's a pipeline of workers, but also that there's
customized labor training when they need to upgrade employee skills,” she said.

— jhollier@greenbay.gannett.com and follow him on Twitter @GBstreetwise and on
Facehook at GBstreetwise.




Branding could attract businesses to 1-41

Nate Beck, Gannett Wisconsin Media 10:62 a.m. CST December 15, 2015
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Among the factors that impede outside
development in the Fox Valley along interstate 41 is
the unknown. Companies unfamiliar with the area
don't know the corridor's advantages. 1f appears as
a blank space to them, site seleciors say.
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The answer to combat this perception —
and compete with out-of-state business regions — could be simple: better branding.

Far the last few months, economic development leaders from Appleton, Green Bay,

Oshkosh, Fond du Lac and in between have met regularly to flesh out how to betier

market the Fox Valley region. They hope to turn the Interstate 41 corridor into a strip
of profitable businesses.

Wanting better branding of the Fox Valtey isn’t new. But actually doing it has been
difficult. Branding strategies have flopped in the past due to sniping among economic
development leaders and communities,

Steve Jenking, president of the Fond du Lac County Economic Development
Corporation, said northeast Wisconsin can't compete with neighboring states’
business sectors if communities hera don't approach economic development as a
unit.

New protocol

Far years, cities in northeast Wisconsin have competed with one another 1o atiract
businesses to their area, said Jerry Murphy, executive director of The New North, an
economic develepment firm that covers 18 counties in northeast Wisconsin, But this
slowed the process and bred animosity.

Under a new protocol, The New North filters business site proposals submitied by
more than 200 lawyers, developers and other professionals who deal in real estate to
draft a list of companies that might make a good fit along the Interstate 41 corridor.

Developers answer site inquiries in about 36 hours, down from a wait of up to two
weeks, as it used to be, Murphy said. The New North then creates a short list of best
sites based on company needs.

That means better service for prospective companies, and less in-fighting among
communities across the area, Murphy said. To attract businesses, northeast
Wisconsin pitches itself as a region, because a new company, say, in Oshkosh or
Fond du Lac benefits cities throughout the Fox Valley.
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In the past, cities have worked separately and selfishly when trying to attract out-of-state businesses
to drop roots along Interstate 41, experts say. A new protocot has been put in place by an economic
devetopment firm that some contend is a more successful approach. (Phofo: Doug Raflik/Acion
Reporter Media)

"We can broadcast the merits of the region,” he sald. "More is better. We need more
people getting involved. More peopie taking ownership."

Rob Kleman, senior vice president of economic development at the Oshkosh
Chamber of Gommerea, said that through regular meetings, regional developers
hape to figure out how to better fell the Fox Valley's story when marketing outside of
Wisconsin.

"We would be developing branding, not to compete but to enhance what we already
have," he said. "We have to be aggressive.®

Asked how Wisconsin could better compete with surrounding states to altract
business, Gov. Scott Walker, speaking Dec. 2 at the New North summit in Oshkosh,
said the state remains "heavily dependent” on manufacturing. The state must fortify
that industry, while seeking ways to diversify, he said.

“We need to continue to strengthen manufacturing for the 21st century,” he said. "Al
the same time, we naed to do more to diversify our economy, whether it's clean
water, clean energy, whether it's looking at food and beverage manufacturing. It's a
mix of things.”

Marketing the corridor

Wisconsin's technical college system has effectively retrained workers to fill high-
demand jobs, and executives are accessible and receptive to growth in new and
existing industries, said Brad Migdal, executive managing director for Transwestern,
a Houston-based real estate firm, and NCS International President Jim Beatty, an
Omaha-based site selector.

But before they toured northeast Wisconsin in August with a group of site
selectors, neither Migdat nor Beatly knew that. Northeast Wisconsin hasn't really
competed with neighboring states in attracting businesses.

When scouting a location for a company, Beatly chiefly considers a region's available
workforce and what skills those workers have. Among the last items on that list are a
state’s laws that support business and tax incentives — these are "icing on the cake,”




“There Is no level of incentives that will make it worth it to relocate,” Beatty said.

fn general, site selectors don't see the Fox Valley as a place to locate businesses, in
part because of poor marketing.

“There had not been an effort to market the region,” Beatty said. “This is economic
development. i you don't telf the story, you're already behind.”

Building momentum
Momentum matters, Beatty said. Site selectors tend to hone in on industry clusters.

Beatty said the region’s future could be in industries fike food processing — think the
Grande Cheese headquarters under construction in Fond du Lac — or advanced
manufacturing, which has been hiting people with tech backgrounds.

Migdal said there may be a misconception that the tip of this Interstate 41 corridor
ends deep in the Northwoods. Graen Bay is less than three hours from Milwaukes,
and there’s a fairly dense cluster of communities in between.

Wisconsin is moving in the right direction, Migda said. The state has strong scruples
in industries like manufacturing. The challenge, he said, is communicating locatly,
and broadeasting to industries nalionally, that success at a company in Oshkosh and
Fond du Lac means success across the valley,

“Wisconsin is a place where people make things with their hands,” Migdal said.
"Wisconsin needs to show these stories.”

Reach Nafe Beck at & 920-858-9657 or nbheck@gannetl.com; on Twitter:
@NateBockd
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