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MANITOBA AEROSPACE TECHNOLOGIES ROADMAP
CRITICAL TECHNOLOGY REPORT

Composite Technology Workgroup #3

TRL for the basic applications range from about TRL5 to TRL10. A number of large
scale applications of fibre placement and tape laying equipment to specific applications
such as fuselage barrel sections and wing skins are in production at TRL10. These are
very specific and complex applications with capital intensive tooling and equipment
tailored to the singular product.

The capabilities that will need to be developed by Manitoba’s aerospace industry are:

o Processing knowledge - complex geometry and integrated designs, and large
sized structures, high risk

e Structural Design and Analysis — Allowables generation and design Guidelines,
medium risk as OEMs and Tier 1’s will lead

o Application specific tooling and equipment — hi risk

o Key Intellectual Property to develop is the knowledge of what currently exists and
what specific applications can benefit from the automation processes

¢ Automated lamination of composites includes complex manufacturing equipment
and specialized knowledge of material processing and handling techniques

o Development of right sized equipment for the application and to meet the
business case requirements

7. Costs:

Entry into the automated lamination processes will be capital extensive and require
specialized knowledge.

ROM (Rough Order of Magnitude) Estimate: $8M over 4 years.
o Technology Development Team
e Pre-production fabrication materials, tooling, equipment and facilities
¢ Inspection technologies, equipment, standards

e Material mechanical and physical properties testing

8. Collaborators and Development / Implementation Strategy:

A recommended approach would be to establish an innovative composite fabrication
technology development centre to conduct pre-production technology demonstrator
projects and subsequent improvement evaluations. It is recommended that this centre
focuses on developing novel and innovative manufacturing techniques that do not
require capital intensive equipment and facilities in production. The focus should be on
creating right-sized tooling and equipment that supports specific industry needs in the
pre-cured lamination stage. The goal should be to enable the development of innovative
means to accomplish lamination, reticulation, drape forming, consolidation and/or other
specialized processing in a highly competitive manner. This technology development
centre could be a joint effort by the interested stakeholders and modeled after other
successful centres in aerospace such as GETRDC, CNDI and CATT. The innovative
composite fabrication technology development centre could include the OOA technology
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development needs (as outlined in the OOA Processing TRM Report) within its mandate
as well. The technology developed via this centre would then be transitioned into
industry as it achieves the higher TRLs. This centre would also provide for development
of subject matter experts, link to academic and research organizations, and provide a
platform for advanced technology training and education.

9. References:
o MAA Composite WG#3 Roadmap 12June13
o MAA Composite WG #3 TRM selection matrix 31May13 r1

10. Contacts:
o Loren Hendrickson, Engineering Manager, Boeing Canada Technology

o Gene Manchur, Aero Sector Manager, Composites Innovation Centre

90



MANITOBA AEROSPACE TECHNOLOGIES ROADMAP
CRITICAL TECHNOLOGY REPORT

Composite Technology Workgroup #3

[ THRUST AREA WORKING GROUP: | Composites

| CRITICAL TECHNOLOGY: | High Temperature Composites (CMC, PI, BMI)

1. Description:

High temperature capable composites are grouped into three material classes
depending on the sustained and peak service temperatures required.

In the very high temperature region, 2500F+, Ceramic Matrix Composites (CMC) are
utilized. These are created from carbon fibre braided preforms and a pyrolysis
fabrication method in a high temperature oven.

In the middle temperature region, 600F+, Polyimide (Pl) matrices are used with carbon
fibre reinforcements.

In the elevated temperature region, 350F+, Bismaleimide (BMI) matrices are used with
either carbon fibre or fibreglass reinforcements.

2. Impact on Economic Development for Manitoba

Currently, super-alloys, titanium and steel are being used in the manufacture,
maintenance, repair and overhaul of these types of products. As high temperature
materials are adopted, the fabrication and MRO industry in Manitoba will be affected.
The work statement for these industries will gradually shift from the metallic components
to more CMC, PI and BMI’s and therefore revenues could be negatively impacted if not
adopted.

3. Technology Performance Goals:

The key performance objectives for the high temperature composite technologies are:
e High temperature capabilities, CMC 2500F+, Pl 600F+, BMI 350F+
e Lighter weight structures
¢ Integrated structural designs

4. Importance and Breadth of Application:

CMC applications exist within the next generation of jet engines, including the high
temperature core and exhaust regions. Potential for other CMC applications such as
airplane pylon heatshields, exhaust ducts and spacecraft components will emerge. Pl’s
and BMI's are currently used in niche airframe applications where the temperature
exceeds the commonly used epoxy system’s capability. Weight reduction and increased
temperature capabilities are essential to meet the aggressive fuel efficiency and
performance targets for both airframes and engines, and this will drive additional Pl and
BMI applications forward.
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5. Alternatives:

The competing technologies are a next generation of improved super-alloys or other
novel material systems (currently undefined).

6. Availability, Maturity and Risk:

The gas turbine engine OEMs are currently developing CMC technologies for initial
applications and the first commercial products will be on the GE LEAP engine 1% Stage
Shroud with an EIS of 2016. The use of CMC’s will expand into other engine
applications such as combustors and 2" Stage airfoils in the 2020 timeframe.

BMI’s are currently used in selected areas on both Commercial and Military platforms.
PI's are currently used in niche areas, primarily Military platforms. For both BMI's and
PI’s, new generations of resins are being developed to improve performance and reduce
manufacturing costs.

To introduce and obtain high temperature composite products, Manitoba industry must
gain the following capabilities:

¢ Manufacturing knowledge and expertise in the CMC and PI fabrication processes
¢ Increased subject matter expertise and depth in BMI fabrication

¢ High temperature oven, potentially a high temperature and pressure autoclave,
and supporting equipment purchase, installation, qualification and operation

e Production tooling knowledge
e Ability to manufacture CMC and Pl components

o Ability to inspect and repair in-service CMC and Pl components

7. Costs:

A very rough order of magnitude estimate of the total funding required to develop high
temperature composite technologies in Manitoba would be $12M over 5 years:

o Technology Development Team
e Pre-production fabrication materials, tooling, equipment and facilities
e Inspection technologies, equipment, standards

o Repair technologies, equipment, standards

8. Collaborators and Development / Implementation Strategy:

The development of high temperature composites is a good candidate for a multi-partner
collaborative project that could build on existing activities at research organizations such
as the CIC, CCMRD, NRC and UBC. The recommendation is to engage GE Aviation
and The Boeing Company as OEMs, Magellan Aerospace and Standard Aerospace as
industry, the U of M, RRC and the CIC as academic and research partners from
Manitoba. Additional interest from other industrial and research partners from other
regions of Canada (i.e. UBC, CRN, NRC, AMTC) should be determined. A
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recommended approach would be to establish a fabrication, inspection and repair
technology development centre to conduct pre-production technology demonstrator
projects and subsequent improvement evaluations. This centre could be a joint effort by
the interested stakeholders and modeled after other successful centres in aerospace
such as GETRDC, CNDI and CATT. The technology developed via this centre would
then be transitioned into industry as it achieves the higher TRLs. This centre would also
provide for development of subject matter experts, link to academic and research
organizations, and provide a platform for advanced technology training and education.

9. References:
o MAA Composite WG#3 Roadmap 290ct13
o MAA Composite WG #3 TRM selection matrix 290ct13

o “GE Aviation: Perspectives on Clean Efficient Engines”, Dr. Dale Carlson, May 7,
2013 as presented at the Western Aerospace Expo.

http://www.manitoba-aerospace.mb.ca/pdfs2/dale carlson geaviation.pdf

e CISTI Report 2014-IRAP-17174-SEARCHRESULTS-CMCs-20130717

10. Contacts:

e Loren Hendrickson, Engineering Manager, Boeing Canada Technology
o Gene Manchur, Aero Sector Manager, Composites Innovation Centre

¢ John Bagan, Senior Manager, Business Development, Magellan Aerospace
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| THRUST AREA WORKING GROUP: | Composites |

| CRITICAL TECHNOLOGY: | 3D Fibre Pre-Forms for composite products |

1. Description:

Pre-forming is a broad-based term covering a number of technologies whereby dry fibres
are woven, stitched or braided into a reinforcement charge that is subsequently
impregnated with a polymer matrix to form a highly controlled composite structure.

2. Impact on Economic Development for Manitoba

The pre-forms feed into Resin Infusion manufacturing processes such as RTM, VaRTM,
and are precursors for CMC manufacturing. The design, analysis and fabrication of pre-
forms has a high value added content. As the aerospace industry drives for cost and
weight improvements, the use of composites in general and those that use 3D pre-forms
will increase. The potential for revenue generation is high.

3. Technology Performance Goals:

The key performance objectives for the 3D pre-form technologies are:

¢ Highly tailored fibre orientation

o Complex fibre patterns

e Through thickness reinforcement
e Lighter weight structures

o Integrated structural designs

4. Importance and Breadth of Application:

2D pre-forms are currently available commercially and 3D pre-forms to a lesser degree.
As the aerospace industry demands lower cost, the reduction in part production labour
will be pursued. Pre-form technologies reduce labour content as these are fabricated
with automated equipment. Carbon fibre and glass fiber materials are of primary
interest.

5. Alternatives:

A non-technological alternative to developing this technology in Manitoba would be to
purchase the pre-forms from existing suppliers.
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6. Availability, Maturity and Risk:

o Key Intellectual Property which is still necessary to develop is the knowledge and
capability to perform structural engineering design and analysis for products
using the 3D pre-forms

o Fabrication of 3D preforms includes complex manufacturing equipment and
specialized knowledge of fibre processing and handling techniques

A number of fibre raw material suppliers and composite manufacturers are currently
using pre-forms for Commercial, Military and General Aviation aircraft. OEMs and
Tier 1’s currently have a limited set of Design Allowables, Design Guides, material and
process specifications and qualified materials approved. Most preforms are still in the
development stage for the Airplane market. This limits the applications currently
available for Commercial aerospace. In aggregate the TRL for the basic applications
range from about TRL5 to TRL10. The TRL range for larger and more complex parts is
about TRL3 to TRLS5.

The capabilities that will need to be developed by Manitoba’s aerospace industry are:

o Processing knowledge - complex geometry and integrated designs, and large
sized structures, high risk

e Structural Design and Analysis — Allowables generation and design Guidelines,
medium risk as OEMs and Tier 1’s will lead

e Braiding, weaving or stitching equipment — hi risk

7. Costs:

Entry into the 3D pre-forming industry will be capital extensive and require specialized
knowledge.

Estimates for development: $5M over 4 years.
o Technology Development Team
e Pre-production fabrication materials, tooling, equipment and facilities

e Material mechanical and physical properties testing
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8. Collaborators and Development / Implementation Strategy:

The recommended strategy is to partner with an existing braiding or weaving supplier
looking to expand their capabilities or increase their production capacity. This could be
driven in support of an OEM or Tier 1 planning on a new product introduction. A long
term commitment could then be entered into whereby the next generation of product
designs, requiring a new pre-forming technology, would be used as the driver for the
establishment of this capability.

o Define product opportunity with OEM or Tier 1

e Individual industry either collaborate with a capable partner or purchase
capability to perform basic pre-forming

o Develop the next generation of capability with new materials and processes for
the next line of products in a collaborative effort with an OEM/Tier 1 and research
organizations

9. References:
o MAA Composite WG#3 Roadmap 12June13
o MAA Composite WG #3 TRM selection matrix 31May13 r1
e 2014-IRAP-17174-SEARCHRESULTS-3D PREFORMS-20130724

10. Contacts:
e Loren Hendrickson, Engineering Manager, Boeing Canada Technology

e Gene Manchur, Aero Sector Manager, Composites Innovation Centre
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[ THRUST AREA WORKING GROUP: | Composites

| CRITICAL TECHNOLOGY: | Out-of-Autoclave processing (OOA)

1. Description:

Conventional aerospace manufacturing practice relies on the use of an autoclave to
provide the high temperatures and pressures required to produce parts that satisfy
demanding quality and performance specifications. OOA technology enables a
fundamental shift in the manufacturing approach by allowing aerospace grade parts to
be fabricated at reduced pressures, eliminating the need for an autoclave.

2. Impact on Economic Development for Manitoba

OOA expands the envelope of possible manufacturing methods to include options such
as vacuum-bag-only oven processing. This reduces the need for large capital autoclave
equipment and provides a potential competitive advantage. Eliminating the need for an
autoclave also lowers the entry level barrier and opens up fabrication to a wider global
supply base of potential competitors. Manitoba industries must maintain a technical
advantage through IP knowledge to remain competitive and win higher value added
work statement.

3. Technology Performance Goals:
The key performance objectives for the OOA technologies are:
o Lower capital equipment purchase, installation, and maintenance costs

o Ability to manufacture larger structures that are not limited by autoclave
dimensions, including highly integrated structures allowing for designs with lower
part count and reduced weight

e Greener manufacturing practices through reduced energy consumption during
part processing and a smaller factory footprint

o Extended cure tool life and an ability to use lower cost tooling concepts due to
reduced requirements for tooling integrity based on lower processing pressures;
reduced tool weights allowing for easier handling

4. Importance and Breadth of Application:

The baseline technology will be required in 2015 to capture potential OEM markets for
airplane derivatives already in post-launch development. This technology targets both
primary and secondary airframe structures. Advanced knowledge in processing, scale-
up and complexity must be gained to enable application in new designs as the next
generation of derivatives and new airplane launches occur, approximately 2018-2023.

This technology is critical to all the OEMs as they move forward with performance
improvements and cost reductions for their platforms. This will directly affect their
composite supply chain, from Tier 1 integrators, to fabricators and raw material
suppliers.

A wider global supply base of potential competitors will emerge as this technology is
implemented by the OEMs and Tier 1s. Manitoba’s composite aerospace industry will
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only compete and maintain market share for these structures in 2018 if the engineering
design and advanced processing knowledge remains superior to the emerging
competition.

5. Alternatives:

Current autoclave composite processing will continue for the current products for the
foreseeable future. The non-recurring costs to redesign current products into OOA will
slow down the uptake into current models as the cost/weight trade advantage will not
provide an ROI that drives mass changes.

Other composite technologies such as Resin Infusion (et al) and thermoplastics will
compete with some OOA, but each will be best suited to a specific application and will
not wholesale encompass another’s area.

6. Availability, Maturity and Risk:

A number of prepreg raw material suppliers and composite manufacturers are currently
introducing the OOA generation of materials for Commercial Airplanes. OEMs and
Tier 1’s currently have a limited set of Design Allowables, Design Guides, material and
process specifications and qualified materials approved, most are still in the
development stage for the large Commercial Airplane market. This limits the
applications currently available for Commercial aerospace, in aggregate the TRL for the
basic applications range from about TRL5 to TRL7. The TRL range for larger and more
complex parts is about TRL3 to TRLS.

In the General Aviation market the use of OOA prepreg materials is more mature and
the TRL range is about TRL7 to TRL10.

The next iteration of OOA, No Oven No Autoclave (NONA) is currently at a lower TRL3
to TRL5 range. The goal with NONA is to provide matrix systems that will cure at a
lower temperature, have low resin contents and sufficiently high Tg (glass transition
temperature) so that commercial airplane products are within scope.

The capabilities that will need to be developed by Manitoba’s aerospace industry are:

o Processing knowledge - complex geometry and integrated designs, and large
sized structures, high risk

e Optimized tooling concepts — tooling non-recurring cost reduction and cure
process optimization, medium risk

e Structural Design and Analysis — Allowables generation and design Guidelines,
medium risk as OEMs and Tier 1’s will lead

e Cure equipment — ovens or integrally heated tooling systems, low risk
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7. Costs:

A very ROM (Rough Order-of-Magnitude) estimate to develop the OOA technologies in
Manitoba is $4M over a 4 year period. The following elements will need to be
assembled:

o Technology Development Team
e Pre-production fabrication materials, tooling, equipment and facilities

o Material mechanical and physical properties testing

8. Collaborators and Development / Implementation Strategy:

The OOA technology development is a good candidate for collaborative development as
it covers a wide spectrum of needs. There is currently a CCMRD OOA Project that
includes Boeing Winnipeg, Magellan, Cormer, Emteq and the CIC from Manitoba, plus
other Canadian organizations which includes Convergent Manufacturing Technologies
(CMT), PCM Innovation, NRC, and Barrday. The proposed strategy is to build on this
collaborative effort. Additional interest from other industrial and research partners from
other regions of Canada should be determined. A recommended approach would be to
establish an OOA composite fabrication technology development centre to conduct pre-
production technology demonstrator projects and subsequent improvement evaluations.
The OOA composite fabrication technology development centre could also include within
its mandate the innovative composite fabrication technology development centre as
outlined in the Automated Lamination TRM Report. This technology development centre
could be a joint effort by the interested stakeholders and modeled after other successful
centres in aerospace such as GETRDC, CNDI and CATT. The technology developed
and demonstrated via this centre would then be transitioned into industry as it achieves
the higher TRLs. This centre would also provide for development of subject matter
experts, link to academic and research organizations, and provide a platform for
advanced technology training and education.

9. References:
¢ MAA Composite WG#3 Roadmap 12June13

¢ MAA Composite WG #3 TRM selection matrix 31May13 r1

10. Contacts:

e Loren Hendrickson, Engineering Manager, Boeing Canada Technology

o Gene Manchur, Aero Sector Manager, Composites Innovation Centre
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| CRITICAL TECHNOLOGY: | Enhanced Technical Instructions and VR Training

product design and manufacturing and maintenance instruction development at
the OEM level.

o ltis not out of the question that new standards and approaches regarding IETMs
and training will emerge relating the manufacturing and maintenance of
aeronautical products. Manitoba aerospace businesses that possess this
technology would be in a key position to support OEM needs in this case. Eg.
MIL-PRF-87268A (US Military), S1000D (International Committee), AITRAM (VR
Training — Europe)

e This technology could generate business for publications, 3D animation, and VR
businesses in Manitoba in support of the needs of local aerospace companies.

¢ Manitoba Aerospace companies require an increasing amount of trained
technicians to support our businesses. This technology provides enhanced
training that can reduce the cost and time needed to train technicians to a
competency level where they can work on products.

3. Technology Performance Goals:

The key qualitative and quantitative performance objectives for the pre-competitive
enabling technology as related to the application of the technology in Manitoba are:

¢ Reduction of cost and development time in training of aerospace product
technicians along with associated improvements in training quality and
performance. VR training studies performed on surgery teams found that VR
trained teams were able to complete many procedures in 30% less time with a
6 - 9x reduction in the probability of errors.

e Potential to reduce the overall requirements for hands on training on engines /
airframes with rich / interactive pc / tablet / virtual reality training. This opens up
possibility of remote training.

o Ability to simulate real-time training scenarios on equipment that is expensive to
operate and maintain and with limited availability (Eg. Engine test cell simulator).
Value will vary by simulator application and cost and availability of the real world
system it replaces.

¢ Reduction of cost and time in development of aerospace product design along
with improvements in design quality and early identification of manufacturing
challenges. This technology is becoming increasingly important and is necessary
to maintain competitiveness in product / component design.

o Ability to take both design data and 3D component scan data (in the absence of

design data) to reduce development time/cost and increase effectiveness of
manufacturing, operation and maintenance instructions and training.
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¢ Identification of training programs that this technology could be applied to. This
may be an opportunity to develop a tech demonstrator that rolls directly into a
training program.

o Versatility — capability to incorporate interactive software to work with tablet, VR
goggles, and other emerging delivery systems.

4. Importance and Breadth of Application:

These technologies are required by:

¢ OEMs are beginning to utilize this technology now in the development of next
generation aerospace products. The following key growth opportunities are
available in the next 5-10 years in the event that Manitoba aerospace companies
develop and grow this technology:

- Support OEMs in ‘build to spec’ work as well as full design and certification of
aircraft components and reduce cost and time in developing tech docs for
maintenance, assembly, and operation.

- Provide the service of developing VR/3D interactive tech docs for new and
legacy aerospace products. OEM targeted.

- Be a world leader in the unique technology of engine test cell simulator
training.

- Employ this technology in reducing cost and time in the development of
skilled technicians needed in Manitoba aerospace today and in the future.

¢ This technology is critical to OEM, suppliers, MRO, Training organizations,
operators, regulators.

The likely outcomes if this technology is not available to, or implemented by the
Manitoba aerospace industry:

e Loss of competitiveness at the design house level.

¢ No incremental improvements in the training and development of MRO and
manufacturing technicians.

e Loss of new incremental business (Test cell training sim, tech doc development
service).

o Lack of skilled workers vs industry requirements. With this technology, it may be

possible to quickly train and redeploy workers from other industry sectors (eg.
Automotive).
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5. Alternatives:

Technologies or non-technological solutions that could be applied as a potential
substitute for this technology:

None. This is a clear progression based on emerging/developing computer technologies.

Competing technologies:

None. This is a clear progression based on emerging/developing computer technologies.

6. Availability, Maturity and Risk:

Availability:

e Aerospace and automotive OEMs. Ref. www.sae.org/events/arvr/
Boeing, EADS, Rockwell Collins, Sikorsky..

e Software companies working on this technology.

7. Costs:

O

O

@)

NGrain (Canada) — 3D IETM Software
Bluedrop (Canada) — 3D visualization and training Software

CAE (Canada) — Some maintenance training programs utilizing in-house
3d Simulator technology.

Christie Digital — Display and projection technology. Hardware.
Barco (Projection and VR systems). - Hardware
Siemens (NX simulation suite) — Software

TWB Aerospace and Defense (develops tech docs for OEMSs). (India,
Israel, us). — IETMs.

I3M Aerospace Multimedia (France). IETMs.

Cortona3D — 3D software, geared to training. Also has software for the
development of 3D IETM documentation.

Rough order of magnitude estimate of the total funding required to develop this
technology in Canada to the level of maturity and within the timeframe identified above:

e The necessary software, hardware, and techniques are being developed by a
multitude of companies in a variety of industries today. The key goal would be to
partner with a leader and use the technology to develop the unique or local
business needs for the technology:
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o Specific training applications needed for developing technicians in areas
of critical skills gaps or shortages.

o Engine test cell simulator training

One possibility is to utilize the existing ITC VR equipment to put together a tech
demonstrator and provide some VR training to GTRO classes. Cost would be
associated with the development of the training material. Estimate cost below
$200K.

Development of aerospace specific training programs along with turnkey
hardware for the VR system could be expected to cost up to $10m depending on
fidelity. The US miilitary is developing a state of the art system for infantry training
that is expected to cost $57 million (upper end of the scale). Timeline could be
quite short at 5 years since capable VR systems are currently available.

The cost would not be associated with developing the core enabling technology
(the VR delivery system itself), the level of existing competition and development
here puts this beyond the scope of what member companies would be expected
to support.

8. Collaborators and Development / Implementation Strategy:

The development of this technology is a good candidate for multi-partner / multi-
disciplinary collaboration because:

Development of many of the core software and hardware capabilities are beyond
the scope and capability of member companies (Applies to IETM and VR
training).

The software and hardware needed (IETMs and VR training) has already been
developed to some extent in other industry areas: medical, automotive, etc.

Member companies bring the below applications and an understanding of OEM
needs to the table.

Project benefits are applicable to multiple Manitoba Aerospace companies.

Strategy 1: VR training

Partner with NGRAIN (Canadian)/ Panametric Corp — Creo/ Silkan to enhance existing
or develop new training elements in existing Gas Turbine R&O (GTRO) training in
Manitoba. Delivery methods could be pc based — geared to large classrooms or VR
based with a simulation system being used. Cost would be largely dependent on
delivery method and software package — VR or PC based (more like IETM). If ITC VR
equipment could be utilized, the cost could be reduced to less than $20K. If a VR
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system is purchased specifically for the training program, the cost would be in the
hundreds of thousands.

Strategy 2: Purpose Made Engine Test Simulator.

Partner with a 3d Software provider (NGrain, Bluedrop, Silkan), StandardAero — Test
Cell group and an OEM to develop an engine test cell simulator app. The OEM
participation element of this project would be critical in its funding (need a customer!).
Cost is heavily dependent on delivery method, fidelity of the simulation and how closely
engine characteristics would need to be modelled. Estimate cost between $50K for a PC
only based simulator to over 0.5 million for a control cab based simulator with all
controls.

Strategy 3: IETM based training.

Partner with an Engine OEM and software provider (NGrain, Cortona3D, Panametric
Technology Corp - Arbortext) to develop an IETM based training module geared towards
improving and accelerating training on a particular aerospace product. IETM obviously
would not be the product manual, but the training material would be presented in an
interactive way to have the students work through maintenance and troubleshooting
operations. Cost could be significantly reduced if the partner OEM provides funding for
the project as something they can incorporate into their own factory approved training
program. Estimated cost between $100-$200k primarily in software and labor to
document engine maintenance data.

9. References:
MTC UK — Manufacturing Technology Center - manufacturing simulation. Coventry UK.
News & Home website — Barco supplies VR system to Commercial Aircraft Corp of

China. (http://www.barco.com/en/News/Press-releases/Barco-Installs-the-First-
Simulation-and-Virtual-Reality-Training-System-for-Chinas-Commercial-Aviati.aspx)

Using Virtual Reality technology for aircraft visual inspection training: presence and
comparison studies — Dept of Industrial Engineering — Clemson University. Ergon,
November 2002; 33(6):559-70. (http://www.ncbi.nim.nih.gov/pubmed/12507340)

AMRC UK — University of Sheffield Advanced Manufacturing Resource Center —
Website. VR in support of iterative product design, assembly process design and
training, maintenance simulation and remote support.
(http://www.amrc.co.uk/research/support/vr/)

News and Home Website : NGRAIN (Vancouver, Canada). — The Honourable Christian
Paradis, Minister of Industry, today announced a repayable contribution of $9.5 million
to NGRAIN (Canada) Corporation. (http://news.gc.ca/web/article-eng.do?nid=753149)

MIL-PRF-87268A (US Military), S1000D (International Committee), AITRAM (VR
Training — Europe) IETM Standards.
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Virtual Reality Training Improves Operating Room Performance Results of a
Randomized, Double-Blinded Study; Ann Surg. 2002 October; 236(4): 458—-464.
(http://www.ncbi.nIm.nih.gov/pmc/articles/PMC1422600/)

New Approaches for Navy Technical Training and Job Performance Aiding Using
Expanded IETM Technology;

Eric L. Jorgensen and Joseph J. Fuller, NSWCCD Code 2052, October, 1996
(http://www.google.ca/url?sa=t&rct=j&gq=&esrc=s&source=web&cd=1&ved=0CCOQFjAA
&url=http%3A%2F %2Fwww.dtic.mil%2F cgi-
bin%2FGetTRDoc%3FAD%3DADA445758&ei=yQNgqUuiyFeerjAK840CICA&usg=AFQ|C
NHSzbEbuCQT-7Pkzxn5uLhgyv2rTw)

Proposed DoD Guidelines For Implementation Of A Web-Based Joint IETM Architecture
(JIA) To Assure The Interoperability of DoD IETMs
Eric L. Jorgensen, Carderock Report NSWCCD-20-TR-1999-12+TR, August 1999

10. Contacts:

Michael Thomlinson —Industrial Technology Center.
Email: mthomlinson@itc.mb.ca, Phone: (204) 480-0351
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1. Description:

Demands for ‘smarter’ and ‘greener’ aerospace products and processes have resulted in
an increase of product and process complexity. Supporting this development requires
better understanding of product designs and simulation methods.

These increases to product complexity come from the introduction of a higher number of
integrated systems. In this context, a system is an interconnected and organized
structure of ‘elements’ which work together for a common purpose and whose activities
influence each other. Complex systems may be broken down into various subsystems
which perform a specialized role within the system (such as propulsion subsystems and
communications subsystems on aircraft). This advancement has led to complex control
schemes and modes of operation, all of which need to be analysed in detail to ensure
that the product will meet effectiveness and efficiency targets. However, some systems
are currently too complex to effectively analyze with traditional simulation tools, and
these require multi-discipline system level tools in order to be well understood.

The proposed technology is a simulation platform that enables high-fidelity
representation of numerous systems simultaneously. It may be a multi-disciplinary tool,
or a common interface that provides a mechanism for linking Bespoke detailed models
and allowing them to exchange data.

Co-simulation of multiple systems by a single model may reduce the stack-up of
conservatism at (sub)system interfaces, which can be a barrier to innovation, and this
reduces the number of unnecessary concurrent simulations by different organizational
groups. ldeally, co-simulation also eliminates the need to create reduced variants of an
existing system (or component) models for incorporation into other systems’ simulations.

2. Impact on Economic Development for Manitoba

Development of system level simulation tools and analysis methodologies in Manitoba
brings the following benefits:

e Competitiveness:

o Better understanding of product and process functioning from a system
level highlights areas for potential improvement.

o Reduction in non-recurrent engineering (NRE) costs through:
= Better understanding of product functioning from a system level
can reduce the level required testing (more requirements
validation by analysis) and/or aid in troubleshooting tests which
return anomalous results

= Reduction to the number of concurrent simulations

110



MANITOBA AEROSPACE TECHNOLOGIES ROADMAP
CRITICAL TECHNOLOGY REPORT

| THRUST AREA WORKING GROUP: | Simulation Modeling & Analysis |

| CRITICAL TECHNOLOGY: | Simulation Platform for Complex Interconnected Systems |

e Customer Concerns:

o By applying the technology to MRO operations scheduling or to improve
repair/overhaul processes there is opportunity to reduce time lost on the
ground by aircraft requiring service.

3. Technology Performance Goals:
Key qualitative and quantitative performance objectives for the pre-competitive enabling
technology as related to the application of the technology in Manitoba:

o Versatility — capability to represent a multitude of systems, physics based models
(mechanical and electrical simulations), and production workflow models found
throughout the aerospace industry

e Sensitivity studies — modification of variables and monitoring of system response

o Collaborative — Ability to create ‘design libraries’ is critical for multi-domain
models. Allows for users of different disciplines to create the system/component
models related to their area of expertise. A systems engineer/analyst can use
the completed submodels to create the complete system model.

o Life-cycle simulation — predict how product performance changes throughout its
design life due to wear and exposure to its operating environment

o Where control systems are included in the model, the ability to use the developed
model real-time in the system software to provide greater autonomy is desirable
(space segment in particular)

4. Importance and Breadth of Application:

This technology required:
o ASAP for greatest benefit. No firm deadline.
This technology critical to:
e OEM, suppliers, MRO
Without this technology, system level simulation will continue as it is now. Some

systems are currently too complex to effectively analyze without multi-discipline system
level tools, so there is a reliance on lengthy and expensive testing campaigns.
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5. Alternatives:
No technologies are identified as competing or substitute technologies at this point.

6. Availability, Maturity and Risk:

Graphical system design tools currently in the market provide the closest approximation
to the system simulation platform technology that is proposed. However, the available
‘modules’ within these types of software are typically a severely simplified or idealized
representation of a type of component. Examples of this type of software include:
Dymola, Imagine.Lab AMESim, LabVIEW, Simulink, Maplesim

o MapleSim is a Canadian product.
¢ Many tools of this type act as a front end to the modeling language Modelica

Currently it is difficult to integrate models developed with these software packages with
external physics/multi-physics based solvers and finite element analysis (FEA)
packages, particularly so for transient simulations. This interface would require
development. But, with Dymola being owned by Dassault Systemes, and AMESim
owned by SIEMENS, the expectation is that an interface between these tools and their
parent companies’ multi-physics and FEA packages will be developed in the future

An alternative to the graphical system design tools listed above is agent based modeling
techniques. This may be appropriate for some applications today, but are less intuitive
and do not have the ability to be reused as easily as a graphical system design tool with
a component library might be.

e Potential uses in spacecraft performance analysis (though graphical system
design tools may be a better choice)

o MRO sector reliability and scheduling simulation is possible. Agent based
models may be better than graphical system design tools for scheduling
applications.

Overall risk of development here is moderate.

7. Costs:

The estimated costs of developing a high fidelity multi-discipline system simulation
platform (leveraging existing tools) and developing a proficient local user base is

$5 million over 5 years. It is possible that a company interested in developing the
software would take it on as an internal development project in which case the external
investment would be lessened.
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8. Collaborators and Development / Implementation Strategy:

The staffing and business objectives of local aerospace companies preclude them from
taking on the development of the simulation tools discussed in this report and making
them commercially available. Collaboration with a simulation software company is
needed.

Assembling a working group consisting of simulation specialists from local aerospace
industry to define a set of requirements for the simulation platform, and discussing the
feasibility of creating the tool with developers at Canadian simulation software
companies (Maplesoft, Maya HTT Ltd, etc) is recommended.

As well, a close watch should be kept on the software offerings of companies such as
Dassault Systemes and SIEMENS to see if interfaces between their multi-domain FEA
tools and graphical system design tools are further developed.

Workshops and short courses providing hands-on exposure to current graphical system
design tools are recommended to increase awareness and adoption of such tools in
local industry.

9. References:

N/A

10. Contacts:

Doug Roberge, StandardAero, Phone: (204) 308-7322,
Email: doug.roberge@standardaero.com

Nick Bellinger, NRC, Phone: (613) 993-2410, Email: nick.bellinger@nrc-cnrc.gc.ca,
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1. Description:

e Next generation aircraft and engine designs are utilizing more composite
materials. In addition to higher content of composite materials for specific
applications, new material forms and material systems are being investigated.
The Manitoba aerospace industry has identified composites produced using 3D
preforms, and ceramic matrix composites as areas of high importance to the
future of the local aerospace industry. While simulation tools are widely used in
the design and manufacture of more traditional composite systems, simulation
tools for 3D preforms and ceramic matrix composites are not as mature and not
utilized within Manitoba aerospace companies. In order to support organizations
in design and manufacture of 3D preform and ceramic matrix composite (CMC)
components, simulation tools to support engineering analysis as well as process
modelling are required.

¢ Simulation of these material systems can be broken into systems to support
engineering analysis, and systems to support process modelling.

o Engineering analysis requires reliable materials models, modelling
techniques, and understanding of failure mechanisms for the material
forms/systems

o Process modelling systems allow for reliable simulation of process
parameters and their impact on the final product. In the case of 3D
preforms, the modelling systems required are available individually
(braiding simulation, permeability and flow modelling, cure modelling,
shrinkage/warping models) but require separate systems that do not
communicate with one another. A single system to simulate and provide
reliable results is not currently known to be available.

o Process modelling for ceramic matrix composite systems is an area that
is currently being researched by a number of organizations but to this
point has not resulted in commercial software that could be adopted by
potential manufacturers of ceramic matrix composites. Some aspects of
process modelling of ceramic matrix composites (braiding, permeability
and flow modelling) may be similar to those required for process
simulation of polymer matrix components using 3D preforms.

¢ The composite materials and processes of interest (3D preforms and CMCs)
have been highlighted by the Composite Thrust Area Working Group as being
high priority technologies. The simulation techniques are intended to be tools to
support development of these composite technologies if they are pursued by
local industry.
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2. Impact on Economic Development for Manitoba

Key reasons why this technology is critical for the economic development of the
Manitoba aerospace industry

The areas of composite simulation identified correspond with high priority thrust
areas determined from the composites working group. The ability to utilize the
processes and materials will be limited without the ability to perform engineering
analysis and design activities to incorporate them effectively.

The adoption of new manufacturing processes such as the manufacture of CMCs
carries with it high risk and development cost. Utilization of process simulation
can greatly reduce the costs and risk in developing or adopting manufacturing for
a new component. Process simulation tools give a competitive advantage to
those who have them due to reduced cost and development cycles

In development in this area, companies or regions with supporting simulation
tools to reduce risk and development time will have a large advantage in being
able to capture new work scopes. This also adds more value that they can bring
to a risk sharing partnership with OEMs to develop and manufacture next
generation components for high temperature applications. It allows them to bring
something to the partnership that other competing organizations may not be able
to bring.

The use of 3D preforms and CMCs are expected to continue to increase with
next generation engine and structure designs. For organizations looking to adopt
these manufacturing processes, having reliable software tools to support the
design and manufacture of components will be of great importance to help
reduce risk and manufacturing development costs.

3. Technology Performance Goals:

Key qualitative and quantitative performance objectives for these pre-competitive
enabling technologies as related to the application of the technology in Manitoba:

Develop and verify process modelling software for CMCs. This will include
prediction of the impact of process parameters on final part geometry and
performance.

Structural analysis techniques and failure prediction for CMCs

Develop and verify process modelling software for 3D preforms. This includes
production of the preform itself, as well as production of the composite
components. Aspects to the process model will likely include braiding simulation,
permeability prediction, injection/flow analysis, and cure process modelling.
Individual software solutions can currently simulate many of the process steps
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individually but no system is known to exist which can simulate the entire process
and link the structural analysis directly to the preform design and processing.

4. Importance and Breadth of Application:

¢ The composite simulation technologies address two areas identified by the
Composite Thrust Area Working Group as high priority composite technologies.
The importance of simulation technologies in these areas is contingent on
members of the Manitoba aerospace sector actively pursuing the development of
the composite technologies.

o The development timeline for the simulation technologies should be prior to full
adoption of the composite technologies themselves by local industry.
Development of the simulation solutions during the earlier stages of developing
capabilities with the composite manufacturing technologies can reduce the risks
and development times which are required for implementation of these
technologies.

This technology is critical to:

o OEM, suppliers. Potentially MRO’s on development/risk reduction in repair
processes.

Likely outcomes if this technology is not available to, or implemented by the Manitoba
aerospace industry:

o The competitiveness of Manitoba aerospace companies to support upcoming
opportunities utilizing these material systems will be diminished. The trend has
been for OEMs to look for risk-sharing partners in the development of next
generations systems. Not having simulation tools to support this will reduce the
attractiveness of involving Manitoba companies in these proposed partnerships.

5. Alternatives:

Technologies or non-technological solutions that could be applied as a potential
substitute for this technology:

e There are no competing technologies.
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6. Availability, Maturity and Risk:

Analysis platforms for conventional composite materials are widely available from a
number of software providers and considered to be a mature technology. This includes
both structural analysis tools as well as process simulations. Composite structural
analysis solutions are integrated into most commercial FEA systems and stand-alone
software for performing analysis and sizing of simplified structures. Such systems and
software are commercially available. Process modelling of conventional composite
materials is performed by organizations using in-house systems as well as commercially
available software. In the case of both ceramic matrix composites and analysis of
composites utilizing 3D preforms there are not widely utilized and trusted systems.

Ceramic matrix composites will see increased use in the next generation of engine
programs. Simulation of the components and manufacturing processes are becoming
an area of interest to a number of organizations. Research organizations in both Canada
and the United States have been working in the area of ceramic matrix composite
structural and process modelling in recent years. Development to this point has not
produced known commercially available software that can produce reliable results. The
development of reliable modelling techniques for CMCs is viewed to be a medium risk
item due to the potential for development to take longer than anticipated. With wider
utilization of CMCs, expertise in the area will increase and speed up development on the
simulation side but at this point in time there is limited expertise in the area when
compared with more conventional composite materials.

For the analysis of 3D preforms, individual software solutions can predict many of the
individual inputs required for full structural and process models of components, but no
solution that connects the systems together is known to exist. Approaches for simulating
and analyzing 3D composite systems with varied material properties throughout the
component have been developed for short-fiber reinforced injection molded
thermoplastics. It is believed that simulation of systems utilizing 3D preforms may have
some additional complexity but the overall flow of analysis and techniques in mapping
data could be utilized in a similar manner. The overall risk of developing software
solutions for analyzing 3D preform composite materials is low and focused primarily
around integration and communication between different software solutions.
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7. Costs:

The costs associated with developing simulation methodologies are highly dependent on
the ability to combine the simulation development work with a larger demonstration
program. Development of a reliable analysis system for a new material or process
requires verification through testing for structural analysis aspects, and the ability to
access facilities with capable manufacturing systems to develop and validate process
models. As the benefits of development and adoption of the modelling techniques is
related to utilization of the composite technologies by Manitoba companies for which
development programs are required, the approach of completing the modeling
development work as part of a large program is a suitable approach.

A ROM (Rough Order of Magnitude) estimate of the cost to develop simulation tools for
CMCs is $2M-$3M with a timeframe of 2-3 years. The ROM cost for development of 3D
preform analysis methodologies is estimated to be under $1M over a 2 year timeframe
assuming the program includes testing and validation on top of software development.
The cost for each is dependent on the ability to access facilities with manufacturing
capabilities and expertise in the processes. If the simulation tools are developed as part
of a larger collaborative development program utilizing the manufacturing technologies,
the costs may be reduced as test and validation articles would be manufactured as part
of the development program and could be used to support simulation development. This
could significantly reduce the cost to produce components required to support only the
simulation aspects.

8. Collaborators and Development / Implementation Strategy:

Identification of partners involved in collaborative development would depend on the
type of materials for which the simulation is being developed. For ceramic matrix
composites, the main partners would be engine OEMs, potentially universities and NRC,
and software development companies. Companies with specific experience in modeling
of CMCs through previous research contract awards (Altasim) would provide high value
to a collaborative program. Additionally, larger software providers (Siemens, Dassault
Systemes) would be valuable for integration of software solutions with commercial
packages used by local industry.

For development of 3D preform modelling, additional collaborators are required in the
areas of modelling textile braiding/weaving, flow modelling, and modeling of materials
with complex 3D microstructures. Examples of organizations with experience in these
areas are:

o ESI Group — modelling of braiding process and RTM process modelling

o E-Xstream Engineering —3D mapping of material properties based on injection
molding simulation and analysis of materials with complex 3D microstructures
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Development programs for analysis of 3D preforms are based mainly on integration of
software solutions to meet requirements of industrial partners and would likely require
the participation of larger software providers.

The development of simulation tools for new and emerging composite materials are best
approached by including a simulation component in a larger development program
based around the new composite technologies. As part of a larger program, simulation
tool development can make use of initial manufacturing trial and test results to develop
and validate the software and may be used in later stages to support the design and
manufacture of demonstrator articles.

Simulation technologies described were selected based on composite manufacturing
technologies highlighted by the Composite Thrust Area Working Group. Any
development on the simulation tools is intended to be in direct support of local industries
developing capabilities with the highlighted composite manufacturing technologies and is
not intended to be viewed as a stand-alone analysis development program.

9. References:
N/A
10. Contacts:

Doug Roberge, StandardAero, Phone: (204) 308-7322,
Email: doug.roberge@standardaero.com

Nick Bellinger, NRC, Phone: (613) 993-2410, Email: nick.bellinger@nrc-cnrc.gc.ca,
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Manitoba's Aerospace Technology Roadmap - Test and Certification Working Group - Technology Streams - Ranking

Technology Current Capability in Manitoba Value of the Technology to Manitoba Cost

Ice Crystal Testing Methodology 4 5 1 10
Use of Analytical Evaluation to Demonstrate Equivalency to

Regulatory Requirements 1 8 1 1
Engine Testing Simulator - Development of Data Acquisition

Systems for Engine Test Modelling 7 8 3 5
Ingestion Testing Modelling 5 2 7 10
Fuel Testing and Evaluation (Ice, Biofuels) 2 7 3 5
Development of Emerging Ingestion Tests (Volcanic Ash, Sand

Ingestion) 4 5 1 5
Health Monitoring of Test Sites (Infrastructure) 8 2 8 10
Improvement of Efficiency of Test Sites (Wireless Communication,

Robust Instrumentation, Robust High Speed Video) 6 8 5 5
Health Monitoring of Engines to Develop Engine Maintenance

Scheduling 5 1 5 1
Custom Design of Specialized Instrumentation 7 2 5 5
Component Testing of Aerospace Materials

Icing in Fuels

** Rank each category from 1 to 10 per scale under each category 1 = No capability 1 = Small markets, low economic impact 1 = High Cost than 10 years

5 = Some capability, but further
development required

10 = Current capability recognized in
Manitoba

5 = Medium market requirement, med.
economic impact

10 = Large market, high economic impact
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1. Description:

This report describes the requirement for a gas turbine testing simulator to support
effort’s in Manitoba to train engine test technicians and engineers to support both
Manitoba’s certification and production test facilities. The gas turbine test simulator for
turbofan and turboshaft engines would create a virtual test that would enable operators
to practice engine test procedures under normal and emergency situations. It would
also prove to be a training ground for the timing of critical certification tests including
icing, ingestion, and blade out procedures.

2. Impact on Economic Development for Manitoba

This technology would enable Manitoba to train test technicians and engineers in a more
environmentally accepted way than what is currently done. This simulator would
prepare and train our workforce in Manitoba to different types of engine testing
situations. It would also bring forth the expertise in Manitoba at a quicker rate to be able
to better support production, development and certification testing efforts currently
underway in Manitoba. In addition to growing jobs in Manitoba, with the capability to
provide a Manitoba solution for training the workforces for testing production and
development engines, this technology could be marketed for use at other test cells
around the world support OEMs, MROs, and Major Airlines.

3. Technology Performance Goals:
Develop software for engines tests for a variety of different turbofan and turboshaft

engine models for use in certification and aftermarket situational testing.

Acquire data from a variety of different engines from the major OEMs for use in the
simulator.

Build a test simulator test cell as part of a technology demonstrator project or In stages
to progressively meet the business and training needs of interested collaborators as
funds become available.

4. Importance and Breadth of Application:

Timing - Certification: 2 years — This technology should be in place in time for emerging
test requirements by the FAA and the engine OEM’s

Timing — Aftermarket (MRO) — 3 years — Once proven for use in certification test training,
this could be commercialized to MRO’s and airlines.

This technology would be important to OEMs (RR, PW, GE), MRO organizations, and
Airlines. Such capability in Manitoba would significantly assist the global competitiveness
of StandardAero’s MRO capabilities in turbofan and turboshaft product lines, and would
have a very positive impact on jobs retention and growth.
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If the development of training tools is not incorporated into Manitoba, some of the highly
skilled jobs to be developed and filled by Manitoban’s would go to others from outside of
Manitoba.

Potentially, for certification testing the OEM’s could utilize their own people resources.
The knowledge base would never be developed in Manitoba.

5. Alternatives:

Without an engine testing simulator, training would continue to be performed on the job
using actual engines. There is some risk associated with this. Damage to an engine
caused by operator error during certification or production testing, could be extremely
costly to the OEMs and MROs. , as a result of delay penalties exacted by airframe
manufacturers and operators. Training of technicians and engineers in a simulated
environment would consume less fuel, result in fewer emissions and be better and
greener to the environment.

6. Availability, Maturity and Risk:
Some of this technology may exist in a few large training institutions.
Aero Systems Engineering has worked with GE on an engine test simulator
(ASE2000/SIM). This is a very costly system (>$2M per unit) and is specific to GE
engines.
The incremental technologies that must be developed in Manitoba would be:

- Application of certification test simulation into software.

- Development of simulation capability to train for testing of all types of OEM

engine models including production testing of turboshaft engines.

Technological risk: Medium

7. Costs:

Cost estimates:

Development of software for engines tests for a variety of different engine models for
use in certification and aftermarket situational testing.

e $2-3M over 2 years
Build a test simulator test cell for a technology demonstrator.
e $1Mover 3 years
Collaborators and Development / Implementation Strategy:

This is a good candidate for multi-partner, multi-disciplinary collaboration.

Potential collaboration organizations:
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¢ Industry: engine OEMs, RR, PW, GE, StandardAero, MDS Aero, IT Industry

o Research organizations: NRC, ITC, NASA

o Educational institutions: U of M, Red River College

o NPOs: WestCaRD, EnviroTREC

o Government funders: Industry Canada, WD, Prov of MB,
Summarized strategy for (single firm or collaborative) development and implementation
of this technology in Canada (major steps required):

Engage potential partners in all categories to evaluate options evaluate the industry
support for building new gas turbine test facilities including turboshaft production and
development testing cells and to develop plans to incorporate training simulator
capabilities to meet current and such future test cell needs.

Define needs, timelines, resources

Establish funding and timelines

8. References:

List of pertinent documents. TBD

9. Contacts:

Resource persons for further information:

Brent Ostermann, StandardAero, 204-318-7524, brent.ostermann@standardaero.com

Vic Gerden, WestCaRD, 204-471-9979, vicgerden@mts.net
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CRITICAL TECHNOLOGY: ¢ Improvement of Efficiency of Test Sites (Wireless
Communication, Robust Instrumentation, Robust
High Speed Video)

1. Description:

Advanced infrastructures for aircraft engine testing have been recently built at
Thompson (GLACIER) and Winnipeg (TRDC). Now there is an opportunity to develop
these facilities into the world’s finest testing facilities to maximize utilization of these
sites. Developing leading-edge technologies such as wireless sensors and
instrumentation, high-speed imaging, and high-volume data acquisition and transmission
would attract new opportunities for Manitoba. Such technologies would also potentially
benefit other production test cells in Manitoba and elsewhere.

2. Impact on Economic Development for Manitoba

Improvements in Manitoba test facilities will attract more and additional types of OEM
engine test programs in this province. In addition with state-of-the-art data capturing
capabilities developed in Manitoba, there would be opportunities to use these
technologies at test cells in Manitoba, plus the potential to commercialize those
technologies in other test cells around the world. There may also be spin-off
opportunities for the Manitoba IT industry.

3. Technology Performance Goals:

Three Technology Performance Goals are identified for this Thrust Report

1. Develop/install robust sensors, including wireless in Manitoba engine test cells;

2. Develop/ adapt/ adopt wireless transmission of data capability in Manitoba
engine test cells;

3. Develop expertise in analyzing high speed imaging and near real time
transmission of high speed video.

4. Importance and Breadth of Application:

Timing: these technologies should be developed within two years to accommodate
ingestion testing. These technologies could eventually also be used in multiple test cells
- (100s) globally.

Relevance: OEMs (RR, PW, GE), MDS Aero, StandardAero, MRO organizations,
Manitoba IT companies (lders, Parker, etc.)

If this technology is not available to, or implemented by the Manitoba aerospace
industry:

e some of the testing will go elsewhere instead of Manitoba;

e Manitoba industry would lose the opportunities to commercialize the associated
technologies.
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Communication, Robust Instrumentation, Robust
High Speed Video)

5. Alternatives:

Other technologies or non-technological solutions that could be applied as a potential
substitute for this technology:

e Current equipment and methods could continue to be used in the near term;
however, new data acquisition and communications technologies would
constitute world leading ‘differentiators” for Manitoba industry. There is an
opportunity to capitalize on the existence of multiple, costly engine test cells to
grow the type and amount of testing taking place in Manitoba.

Competing technologies:

o The existing ‘wired’ technology currently in use would continue to be deployed,
but is largely old technology. A potential exists for limited replacement of wireless
sensors as they are proven. This would result in a gradual evolution to wireless
test communications where feasible.

6. Availability, Maturity and Risk:

Wireless sensing and communication research is taking place at various government
and commercial organizations around the world. Engine test cell owners are indicating a
desire to embark on this technology, but it is not yet being fully exploited.

Risks include: high temperature environments, noise. EMI, line of sight limitations, etc.
Technological risk: medium
7. Costs:

Cost estimates:
To develop/install robust sensors including wireless in Manitoba engine test cells:

e $2M - 3years (would take about six months to determine objectives and develop
the sensor specifications)

To develop/adapt/ adopt wireless transmission of data capability in Manitoba engine test
cells:

e $1M-—2-3 years

To develop capability and expertise in analyzing high speed imaging and near real time
transmission of high speed video:

$1M - 2 years
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CRITICAL TECHNOLOGY: ¢ Improvement of Efficiency of Test Sites (Wireless

Communication, Robust Instrumentation, Robust
High Speed Video)

8. Collaborators and Development / Implementation Strategy:

This is a good candidate for multi-partner, multi-disciplinary collaboration.

Potential organizations:

Industry: engine OEMs, RR, PW, GE, StandardAero, MDS Aero, IT Companies
Research organizations: NRC, ITC, NASA

Educational institutions: U of M, Red River College, other universities, CRIAQ,
NPOs: WestCaRD, EnviroTREC, ICTAM, MAA

Government funders: Industry Canada, (tech demo program?) Prov of MB,

Summarized strategy for (single firm or collaborative) development and implementation
of this technology in Canada:

Engage potential partners in all categories;
Define needs, timelines, resources
Establish funding and timelines

9. References:

Navy SBIR N08-004, N68335-08-C-0267, “Thin-film High Temperature Sensors

Air Force, SBIR AF112-175, FA8650-11-M-5146, “Passive Wireless Sensors for
Extreme Turbine Conditions

Dai, X.; Mitchell, J.E.; Yang, Y.; Glover, |.; Sasloglou, K.; Atkinson, R.; Panella, |.;
Strong, J.; Schiffers, W.; Dutta, P., "Development and validation of a simulator for
wireless data acquisition in gas turbine engine testing," Wireless Sensor Systems,
IET, vol.3, no.3, pp.183,192, September 2013

doi: 10.1049/iet-wss.2012.0064

10. Contacts:

Brent Ostermann, StandardAero, 204-318-7524, brent.ostermann@standardaero.com

Vic Gerden, WestCaRD, 204-471-9979, vicgerden@mts.net
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1. Description:

This report describes the requirement for the custom design of specialized gas turbine
engine test instrumentation to support both Manitoba’s certification and production test
facilities. Specialized instrumentation is a broad thrust area and could include many
specific areas of technology development such as:

o High temperature dynamic strain and pressure measurement
o Blade tip deflection, clearance and timing measurement

o Gas, particulate, and acoustic emissions measurement

e Others

2. Impact on Economic Development for Manitoba

The world’s largest three manufacturers of civil aero engines have made significant
investments in GE’s TRDC and Glacier certification test facilities in Manitoba. In
addition, StandardAero, a world leader in gas turbine maintenance, repair and overhaul
(MRO) services currently supports the operation of over 20 internal test cells through its
Central Engineering department located in Winnipeg. Design and development of
specialized instrumentation to support both - certification and production test cells will
provide Manitoba with the opportunity to locally support these facilities with state-of-the-
art equipment while commercializing these technologies throughout the globe. Further
to this, instrumentation technologies developed for gas turbine engine applications could
also be migrated to other industries that require accurate measurements in high
temperature environments.

3. Technology Performance Goals:
Three Technology Performance Goals are identified as serving this Thrust Area.
1. Develop specialized instrumentation to meet changing/new test requirements.

2. Test specialized instrumentation in Manitoba test cells (GLACIER, GE TRDC,
StandardAero, MDS Aero Support).

3. Market instrumentation globally.

4. Importance and Breadth of Application:

New and improved methods for measuring and monitoring engines undergoing test are
required now and into the future depending on the specific testing parameter.

For example, turbine exhaust particulate matter is a test measurement requirement
currently being considered by the FAA. Instrumentation to measure this particulate
matter must be developed in conjunction with the FAA’s consideration of this parameter.

127



MANITOBA AEROSPACE TECHNOLOGIES ROADMAP
CRITICAL TECHNOLOGY REPORT

| THRUST AREA WORKING GROUP: | Test and Certification |

| CRITICAL TECHNOLOGY: | Custom Design of Specialized Instrumentation |

If and when an FAA regulation on particulate matter emissions testing is released,
instrumentation to measure such conditions must be available to industry.

The timeline for development of specialized instrumentation could vary from 2-5 years.

These instrumentation technologies are critical to OEMs, MRO organizations, and Test
Cell design firms to meet current and future Regulatory Requirements and to reduce
both engine testing time and costs.

If these new instrumentation technologies are not available to, or implemented by the
Manitoba aerospace industry to support both the certification and production test
facilities, there is a risk that these facilities will not be able to operate in accordance with
Regulatory Requirements and that costs and time required to perform testing will be
higher due to a lack of state-of-the-art equipment.

5. Alternatives:

Since this thrust area is broadly stated as ‘custom design of specialized instrumentation’,
there could be a number of competing technologies being developed in any number of
specific testing areas.

6. Availability, Maturity and Risk:

There are two main organizations that are currently investigating new technologies
related to gas turbine engine test instrumentation — the Propulsion Instrumentation
Working Group (PIWG) and the European Virtual Institute for Gas Turbine
Instrumentation (EVI-GTI).

PIWG is US based; EVI-GTI is European. Both PIWG and EVI-GTI are collaborative
organizations that include OEMSs, Industry partners, Government, and Academia, and
work together to further gas turbine instrumentation development.

Please see the following websites for information on the current capabilities and
technology development areas of these organizations.

WWW.piwg.org

www.evi-gti.com

Incremental capabilities will be dependent on the specific test instrumentation
technologies that are selected for development in Manitoba.

Due to the level of expertise in the area of gas turbine testing and instrumentation
development in Manitoba, the level of technological risk is assessed as Medium.
However, there could be higher risk involved in the development of instrumentation that
is exposed to the gas path of an engine, as these technologies will require additional
testing and OEM approval.
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7. Costs:
Costs are estimated to be:
e $1-2 million per instrumentation technology over a 3 year period

8. Collaborators and Development / Implementation Strategy:

The custom design of specialized instrumentation to support the gas turbine test and
certification industry is an ideal candidate for multi-partner, multi-disciplinary
collaboration. Collaborative partners could include:

e Existing Organizations: PIWG, EVI-GTI

e OEMs: GE, Pratt & Whitney, Rolls-Royce

e Service Providers: StandardAero, MDS Aero Support
o Research Organizations: NRC, ITC, NASA

e NPOs: WestCaRD, EnviroTREC

¢ Academia: University of Manitoba, Red River College

The major steps required to support a collaborative effort include:

¢ Introduce Manitoba partners to both PIWG (completed in Feb. 2013) and EVI-GTI

(TBD)
e Determine key area(s) of support that a Manitoba partnership could provide
e Establish membership with suitable organization (PIWG or EVI-GTI or both)

9. References:

WWW.piwg.org

www.evi-gti.com

10. Contacts:

Brent Ostermann, StandardAero, 204-318-7524, brent.ostermann@standardaero.com

Vic Gerden, WestCaRD, 204-471-9979, vicgerden@mts.net
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1. Description:

This report describes new civil aero engine test capabilities that stake holders, most
significantly engine OEMs, want to add to the outdoor development test beds in
Winnipeg (GE’s TRDC) and Thompson (GLACIER {PW and RR} Test Facility).

Systems to perform current Certification tests for water and hail ingestion are required —
water at Glacier facility, and hail at both Glacier and GE facilities.

Systems to perform future Certification tests for ice crystal and volcanic ash are required
at both Glacier and GE facilities.

Turboshaft test facilities are also needed to exploit opportunities for other new MRO
product lines in Manitoba.

2. Impact on Economic Development for Manitoba

The world’s largest three manufacturers of civil aero engines have made significant
investments in cold weather test facilities in Manitoba. The addition of the new test
capabilities described in this report, will more firmly establish these as ‘year-round’
facilities. Performing additional Certification tests at these Manitoba facilities will further
raise the profile of the Province as a key location for aero engine test capability, as well
as other important aerospace technologies.

Economic spin-offs in the areas of operations support, lodging and infrastructure
support.

Substantial MRO is carried out in Manitoba on various gas turbine engines including
turboshaft engines. Having appropriate test production test facilities and trained
operators is critical to remaining competitive, maintaining and creating jobs in the MRO
sector.
3. Technology Performance Goals:
Compliance to established Regulatory Standards for engine certification (water and hail
ingestion)

¢ Install water ingestion system at Glacier facility

o RR and PW have existing designs, but merging and scaling may be
required

o Install hail ingestion system at Glacier and TRDC facilities

o RR and PW have existing designs, but merging and scaling may be
required

o GE should have an off-the-shelf design
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Compliance to future Regulatory Standards for engine certification (ice crystal and
volcanic ash).
e |Install ice crystal system at Glacier and TRDC facilities
o Develop ice crystal ingestion technology
o Design and build ice crystal systems
o Install, commission and calibrate systems
o Demonstrate systems to Regulatory Bodies
¢ Install volcanic ash ingestion system at Glacier and TRDC facilities

o Participate with Regulatory Bodies in the development of the Standard for
volcanic ash ingestion

o Develop volcanic ash ingestion technology

o Design and build volcanic ash ingestion systems
o Install, commission and calibrate systems

o Demonstrate systems to Regulatory Bodies

e Capability to test turbofan and turboshaft engines for production and potentially
development projects.

o Create turboshaft engine testing capability

4. Importance and Breadth of Application:

The approximate timelines for having these regulatory test technologies in place are as
follows:

Water and hail ingestion — 1 to 2 years
Ice crystal ingestion — 3 to 4 years
Volcanic ash ingestion — 4 to 7 years

Water and hail ingestion technologies are established. Approximate cost of outfitting
each test facilities is: water - $1M; hail $2.5M.

Ice crystal and volcanic ash ingestion technologies are new, and would require design
‘from the ground up.” Approximate cost of outfitting each test facilities is: ice crystal -
$5M; volcanic ash $5M.

New technology for ice crystal and volcanic ash should be developed with scalability in
mind such that the same methodology could be employed at smaller test facilities,
testing smaller engines, world-wide.
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These test technologies are critical for OEMs both currently, and to meet future
Regulatory Requirements.

If these technologies are not developed and delivered to these world-class test facilities,
the OEMs will add these capabilities to test facilities outside Manitoba. As such engine
test, and associated research, development and test support dollars will be spent
outside of the Province. Opportunities to further showcase Manitoba as an aero engine
test centre of excellence will be lost.

The timeline for creating a turboshaft engine test facility would be 1-2 years.

5. Alternatives:

Alternatives don’t exist since the requirement to perform Certification Tests are
mandated by aviation’s Regulatory Bodies. Analytical methods may be acceptable for
ice crystal ingestion; previous experience may also be applicable. Acceptability of these
alternatives is at the discretion of the Regulatory Bodies.
6. Availability, Maturity and Risk:
Water and Hail Ingestion:

¢ OEMs already have designs for water and hail ingestion.

¢ Engineering effort would be required to generate designs specific to the Glacier
and TRDC facilities.

¢ In the case of the Glacier facility RR and PW may work with a third party to
combine their design knowledge to create a hybrid for Glacier.

¢ Knowledge base is being lost at OEMs due to retirements
e Technological risk is low
Ice Crystal Ingestion:

o The NRC is doing research into methods of creating an ice crystal cloud suitable
for ingestion

o A workable method that can be scaled up to meet the requirements of
large turbofan engines must be identified

e OEMs are aware that Regulatory Bodies may soon mandate this as a
Certification Requirement — therefore motivated to collaborate on solutions

e There is an opportunity for collaboration in Manitoba

o Technological risk is moderate
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Volcanic Ash Ingestion:
o Technology is in the early stages of development
o Technology previously used for sand ingestion could be adapted

o The April 2010 eruption of Eyjafjallajokull (E15) that shut down European
airspace has prompted discussion of mandating volcanic ash ingestion tests

o All civil aviation stakeholders, including engine OEMs are keenly aware of
this threat, and motivated to collaborate towards workable solutions

e Technological risk is moderate, however Regulatory Bodies may not mandate
this type of test

Turboshaft Testing Facility

e The technological risk would be low as the technology exists

7. Costs:

Costs are estimated as:

e $6M in the first 2 years - water and hail ingestion

e $10Min years 3 to 4 - ice crystal ingestion

e $10Min years 4 to 7 - volcanic ash ingestion

e $9Min years 1-3 — gas turbine/turboshaft test facility
8. Collaborators and Development / Implementation Strategy:
Water Ingestion (Glacier):

e Collaborative: Rolls-Royce, Pratt & Whitney, MDS Aero Support (Ottawa), NRC
(Ottawa)

Hail Ingestion (TRDC and Glacier):

e Collaborative: Rolls-Royce, Pratt & Whitney, MDS Aero Support, NRC

e Collaborative: GE, Standard Aero
Ice Crystal Ingestion:

e Collaborative: GE, Rolls-Royce, Pratt & Whitney, MDS Aero Support , NRC
Volcanic Ash Ingestion:

e Collaborative: GE, Rolls-Royce, Pratt & Whitney, MDS Aero Support , NRC, U of

M, Red River College

As a means of maximising collaborative effort, and minimising costs, the design and
supply of portable test systems that could be shared by the TRDC and Glacier test
facilities should be considered.
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Turboshaft Test Facilities

o Collaborative: StandardAero, Red River College, University of Manitoba, NRC,
potentially OEMs as customers

9. References:
FAR 33; EASA CS-E

10. Contacts:

Brent Ostermann, StandardAero, 204-318-7524, brent.ostermann@standardaero.com
Vic Gerden, WestCaRD, 204-471-9979, vicgerden@mts.net
Don Pereira, MDS AeroTest 204-778-6352 ext 2222, don.pereira@mdsaerotest.com
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1. Description:

Autonomy permits a spacecraft (or other entity, with a control system, such as an
aircraft, automobile, or machinery) to operate in the absence of human control. Most
autonomy is implemented in the form of pre-programmed responses to anticipated
(desired or undesired) input conditions. One of the challenges is to package the
autonomy into very small and reliable computer processors that are tolerant of the
demanding environment of space.

A significant and somewhat unpredictable portion of the life cycle cost for the space
mission can be attributed to the on-orbit operations. The unpredictable portion is
associated with the real, vs. planned, on-orbit life of the spacecraft. (For example - the
SCISAT-1 spacecraft has completed 10 years on-orbit compared to a planned lifetime of
only 2 years). The actual operations costs are typically outside of the control of the
product supplier; however, additional autonomy allows for more efficient management of
the anomalies onboard the satellite and undoubtedly reduces those costs.

Nominal condition autonomy includes concepts such as sensor fusion (combining the
inputs from various sensors to determine the current “state” of the system), and
prediction of future states. From a spacecraft or aircraft perspective, this might include
tolerance for sensor unavailability or variable sensor accuracy, as well as selection of
less-costly/accurate sensors and using mathematical algorithms to improve the accuracy
of the measurement.

Off-nominal (or anomaly), autonomy includes failure detection, isolation and recovery to
either a “safe-hold” state or a fully operational state. This technology area includes both
development of the autonomy methods themselves, as well as verification of the
effectiveness, robustness, and safety of the autonomous responses.

Satellite technology is generally characterized by long dedicated mission cycles, in orbits
ranging from 1,000 km to high orbits of 35,800 km (geostationary orbits). Technology
purposed to these missions need to survive the hostile space environment consisting of
in part, orbital debris and x-rays.

Most spacecraft being designed today have significantly higher levels of autonomy. In
order to continue to compete in this market, Magellan Aerospace Winnipeg will have to
catch up, keep up, and ideally lead, in this technology area.

2. Impact on Economic Development for Manitoba

Satellite contracts have a modest impact on Manitoba’s economy. This industry is very
competitive and Magellan - Manitoba'’s sole participant in that sector, has to compete on
a global scale in order to succeed. The opportunity to develop better autonomous
systems provides a competitive edge and will improve economic results for this province.
Satellite systems are largely procured by both the Canadian and foreign governments.
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3. Technology Performance Goals:

Nominal Mission: (satellites)

o Algorithms (for use onboard): this software needs to be developed which will
combine a variety of low cost sensors to provide attitude accuracy on a par with a
commercial star tracker.

o Algorithms (for use onboard): this software needs to be developed which will
combine a variety of low cost sensors to provide positional accuracy on a par
with GPS.

e Algorithms (for use onboard): this software needs to be developed to maximize
the output of the mission in the context of a number of competing observers with
conflicting resource demands. An example of this would be when nine science
experiments all want to look in a different direction at different times throughout
the orbit. Priority would be defined in these cases as a response to the
concurrent measurements.

e Algorithms for managing the anomalies onboard satellites. The outcome of such
systems is the lifetime extension of the host satellites.

o Failure detection algorithms that can assess the state of the satellite and take
appropriate actions. Algorithms need to be developed which monitor the health of
the satellite and to correct for, or compensate for, orbital debris events.

4. Importance and Breadth of Application:

Satellite technologies are required within the next 2 years as the satellite industry is
growing at a rate of 7% annually, with a current market size of $190B. Satellites are sold
on a contractual basis to telco’s and governments as special purpose projects. There are
few similarities between satellite contracts as technology has generally advanced
between orders such that each configuration is unique.

5. Alternatives:

Competition is more or less in the Satellite sector from other suppliers and last-gen
products. If a new satellite is not available, then the last generation of technology will be
deployed until a suitable replacement is found.
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6. Availability, Maturity and Risk:

Availability:

Satellites: are generally available and have a market size of $190 B.
Maturity:

Satellites are experiencing high growth rates. This is due to the fact that new capabilities
are being forthcoming and both technologies are quickly expanding in use.

Risk:

Satellites are high risk projects as most often these technologies are being assembled
into a saleable system for the first time. Accordingly there is considerable market risk in
that the system may cost too much to develop, compared to what the contract provider
may be able to afford.

Costs:

Annual development plans for satellites are in the range of $2 million per year. This is an
escalating technology and support costs are still in the growth stage. Accordingly, these
annual development costs continue for some time.

7. Collaborators and Development / Implementation Strategy:

Satellite collaboration can be conducted in partnership with firms such as MDA and
others, wherein Magellan is responsible for key components which are integrated
elsewhere. A key trend in satellite development at this time is satellite miniaturization
with the purpose of developing smaller devices, which produce the same results.
Magellan has developmental experience in this design and development area. This is
highly dependent on the scale of the satellite project. Smaller projects are completed on
site, and larger ones may be partnered.

The role of the Canadian Space Agency (CSA) to support and collaborate with this
industry is recognized and is an important stakeholder.
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9. Contacts:

Diane Kotelko, Space Systems Engineer, Magellan Aerospace,
T: (204) 775-8331 Ext 3369, E: diane.kotelko@magellan.aero

Igor Telichev, Assistant Professor, University of Manitoba,
T: 204.474.9812, E: Igor.Telichev@ad.umanitoba.ca

David Bertin, Research Technologist, Red River College, T: (204) 632-3807
E: dbertin@rrc.ca,

Sylvie Beland, Director R&D Structures Materials and Manufacturing, National Research
Council, T: (514) 283-9139, E: sylvie.beland@nrc-cnrc.gc.ca
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1. Description:

There are now hundreds of UAV projects around the world. Some have gone large scale
and as a result the line has become blurred between small projects such as quadcopter-
with-a-cameras and full-blown airliners.

A UAV program can be tailor-made for the customer to accomplish specific goals such
as:
e Target and decoy - providing ground and aerial gunnery a target that simulates
an enemy aircraft or missile
¢ Reconnaissance - providing battlefield intelligence, border patrol service
e Combat - providing attack capability for high-risk missions (see Unmanned
Combat Air Vehicle)
o Research and development - used to further develop UAV technologies to be
integrated into field deployed UAV aircraft
¢ Civil and Commercial UAVs - UAVs specifically designed for civil and
commercial applications (e.g. Pipeline oil spill monitoring, forest fire detection,
etc.)

Some early UAVs are referred to as drones because they are no more sophisticated
than a simple radio controlled aircraft being controlled by a human pilot or operator.
More sophisticated UAV’s will have built-in control and/or guidance systems to perform
low level human pilot duties such as speed and flight path stabilization, and simple
prescripted navigation functions such as waypoint following.

Manitoba'’s contribution to this industry is comprised of MicroPilot which has been
recognized as one of the world’s leading manufacturers of small autopilots for UAV’s and
micro aerial vehicles (MAV). The company serves more than 750 clients in 65 countries
worldwide and builds fixed and rotary wing UAVs for a variety of applications including
the MP2028, which is the world standard for UAV autopilots. MicroPilot operates a UAV
test facility situated on 40 acres adjacent to its facilities in Stonewall, MB.

Autonomy technology and focus will be the overriding issues for UAV’s now on the
drawing board. Of particular opportunity are algorithms for multi-UAV systems which use
autonomy and image processing to identify, decide, and then remain on-station
irrespective of the mission cycle of one particular UAV.

2. Impact on Economic Development for Manitoba

Manitoba presents a good opportunity for UAV development through its established firm,
MicroPilot. A market niche has been created through the unique capabilities which have
been developed over time and are well linked to our academe.

A competitive UAV development system in Manitoba will lead to global opportunities for

these technologies. Our interest is to grow high value jobs around this technology so that
this industry will be doubled in sized by 2020.
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3. Technology Performance Goals:

UAV’s have technology performance challenges such as

Managing the growing amounts of sensor data

Leveraging technologies such as FPGAs and GPGPUs

Handling streams of data from multiple sensors

Finding the tools needed for effective image processing

SWaP (Size, Weight and Power) and ruggedization

Upgradability/scalability

Meeting shortened design cycles

Creating autonomous, networked UAV’s to maintain a high level of presence in
certain situations.

Support survivability considerations such as stealth, impact assessment and
drone recoverability,

Goals for these challenges are sequentially to:

f)

g)

Develop compact storage mediums

Complete beta testing of opportunities for field-programmable gate arrays and
general-purpose graphics processing unit

Improve UAV on-board operating and autonomous systems

Consider COTS technologies, if downloading is possible, otherwise build more
memory into hardware and add additional needed algorithms

Since size, weight and power (SWaP) trade-offs and ruggedization work against
one another, new materials and miniaturization are common approaches to solve
these challenges

Upgradability and scalability are solved as next generation processes. Once
next gen technology is developed it is retrofitted and scalability of UAV’s is done
as payload requirements move up to a new category.

Shortened design cycles need to be solved as systems challenges, using
common platforms, reducing iterations, and even using simulations.

4. Importance and Breadth of Application:

UAV’s are an escalating and growing market. However most purchases here are for
government and military use. New technologies are constantly being introduced here,
such that the demand for new applications and innovations is immediate.

5. Alternatives:

Competition in the UAV area is from other suppliers and last-gen products. If a new
technology is not available, then the last generation of technology will be deployed until
a suitable replacement is found.
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6. Availability, Maturity and Risk:

Availability:

UAV’s are also generally available and have a market size of $89 B.
Maturity:

UAV’s are experiencing high growth rates. This is due to the fact that new capabilities
are being forthcoming and the technology is quickly expanding in use.

Risk:

UAV’s are high risk as most often this technology is being assembled into a saleable
system for the first time. Accordingly there is considerable market risk in that the system
may cost too much to develop, compared to what the contract price available.

Costs:

Annual development plans for UAV’s are in the range of $1 million per year. As this is an
escalating technology these annual development costs continue.

7. Collaborators and Development / Implementation Strategy:

Collaboration is most necessary on the UAV side as only the image capture and
transmission component is currently manufactured and developed in Manitoba. Potential
collaborators here need to be aligned with Manitoba’s interests and capabilities.

Manitoba needs better and deeper partnerships in the UAV manufacturers and system
developers.

8. References:

Unmanned Aerial Vehicle (UAV) Market (2013 - 2018),
http://finance.yahoo.com/news/unmanned-aerial-vehicle-uav-market-201400403.html

Mapping Drone Proliferation: UAVs in 76 Countries
(http://www.globalresearch.ca/mapping-drone-proliferation-uavs-in-76-
countries/5305191)

Technology Challenges in Small UAV Development, Michael Logan, NASA Langley
Research Center; Thomas Vranas, NASA Langley Research Center; Mark Motter, NASA
Langley Research Center; Qamar Shams, NASA Langley Research Center; Dion
Pollock, U.S. Army, Chapter DOI: 10.2514/6.2005-7089, Publication Date: 26 September
2005 - 29 September 2005

Small UAV Payloads Wrestle with SWaP Challenges,
http://www.cotsjournalonline.com/articles/view/100869
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9. Contacts:

Howard Loewen, President, Micropilot, T: (204) 344-5558, E: howard@micropilot.com
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The entirety of the Manitoba Aerospace Technology Road Map reports are available through
the Manitoba Aerospace Association and EnviroTREC websites:

Manitoba Aerospace Association EnviroTREC
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