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Technology Roadmapping

* Whatis it...
* How would you develop it...

* How would you use it...
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Roadmaps Combine Multiple Perspectives
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MAA TRM Orientation

Past Now Plans

Generic roadmap - links resources to objectives

Layers connect:

Future Vision

Market/ Customers | Competitors | [ I (know-when)
I Industry | ~ | - ,
Business / Trends / Drivers | Threats / [ [ | )\ ‘purpose’
Objectives | Milestones / Strategy T ?‘\\ /q (know-why)
o
Products/ Services | Applications / I N
F y )

Services | Capabilities | Performance / |- 4@ J “delivery’
Features / C | Families | (kmow-whal)
Processes | Systems | Platforms | W

Opportunities | Requirements / Risks.

r‘Technology; :
| ‘resources’
Knowledge {know-how)
Other
Skills/ Partnerships/Suppliers/ | | N el L
Facilities/ Infrastructure/ Organisation/

Standards/ Science ! Finance/ R&D Projects

Source: Probert et al.

UNIVERSITY OF
CAMBRIDGE

Institute for Manufacturing

The Institute for Manufacturing (IfM) provides a unique environment for the
creation and sharing of new ideas and approaches te modern industrial practice.

Business Planning )
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/ Product Plans +
Technology Roadmaps G
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Source: Probert et al.

ISAEP Framework for Technology Management

External Envirgnment Identification Extemal Environment
Technalogy Assessment
Pre-Selection Framework

Technologyharket Scanning

Irferrraticn Managens

Protection
Identify Options for
Protection
Establish Strategy
Monitor Effectiveness

Selection
Technology Forecasting
Benchmarking
Decision Criteria &
Process Manitoring |
Improvement

Acquisition
Internal R&D
Licansing & Joint Vantures
Orgarsational Change
Project Managemsnt
Technology Insertion

Exploitation
Customear-SupplierNatwork
Incremantal Develeprment
Product Management
Complementary Assets

Exfermal Ermvirariinen

Source: Probert et al.
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Technology Roadmapping — Technology Management

Commer%spective

Push
mechanisms
- capabilities

(haowdodge
flows)
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Technological perspective

Source: Probert et al.
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Time » When?

Time is a key dimension...

Medium term

I

Long term

New (7):
- Markets

- Products

- Technologies
- Capabilities

- Organisational structures
- Distribution channels
- Competition
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Operations

What to manufacture?
How many of each model?
What materials to order?

Innovation

Which products?
Which markets?
What cost?

Strategy

Which technologies?

quantitative focus

qualitative focus

Source: Phaal 2007
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MAA TRM Orientation

Requirements fluid
Concepts fuzzy
Many unknowns

| Stage gates

Time, effort, iteration

Process funnel (e.g. strategy, new product development, design)

Many options
Many assumptions
Few constraints
Scenarios

1

| Requirements clear, stable

1 Concepts clear, stable

1 Fewer unknowns, risks understood
Fewer options, greater constraints

>E“II._

= ‘First-cut’
roadmap

=
= =
=
Mature
roadmap

Divergent p

®» Convergent process

Roadmapping - Planning for the Future mmiy-

Market ®—’ M2

Product

Technology 1

< >—— 14 >

R&D RD

programmes
[ > Capital investment / finance
Resources |L 2> Supply chain
[ > Staff / skills

Concept Overview

Push

Technology Disruptors

0ol

Source: Manchur 2013

ustomer
Product Market
Customers &
competition
Product Strategy
Target Who

& What

Technology Needs

Technology Plans

Production

Pull

Customer Driven

Supply Chain
Development

Product & Tech Roadmapping Steps

Source: Manchur 2013

3) Product
Strategy

4) Product
Alternatives

1) Customer
needs &
Expectations

2) Product Market

1) Identify Customer needs and expectations
2) Define Product Market(s)
3) Define Product strategy (select target market, Family of products)
4) Identify Product alternatives
5) Technical 5)  Identify Technical needs for each alternative
Needs 6) Define Technical gaps for each alternative
. Materials & Processes
. Design & Analysis
. Tooling & Equipment
. Quality & Certification
7) Create Technology Plans to address the gap
7) Technology 8) Identify Supply chain gaps
(S +  Capabilities & Capacities
2 9) Business Case review and selection of alternative

8) Supply Chain 10) Technology D pment Projects
Gaps 11) Engineering Definition (upon product launch)
12) Pre-Production Preparation activities
9) Business Case 13) Production and Verification
Review and 14) Delivery to Market

Selection

10) Technology 11) Engineering 12) Production Preparation & . 14) Customer
Development Definition Supply Chain Readiness L) TR Delivery

Now Future >
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Source: Manchur 2013

Product & Tech Roadmapping Steps

1) Customer
needs &
Expectations

3) Product
Strategy

4) Product ;;
Altern; 5
3)
5) Technical 5)
Needs 6)
6) Technical Gaps

7
7) Technology 8)
Plans

9)
10)
11)
12)
9) Business Case 13)
Review and 14)

Steps:

2) Product Market

Identify Customer needs and expectations
Define Product Market(s)
Define Product strategy (select target market, Family of products)
Identify Product alternatives
Identify Technical needs for each alternative
Define Technical gaps for each alternative

*  Materials & Processes

. Design & Analysis

. Tooling & Equipment

*  Quality & Certification
Create Technology Plans to address the gap
Identify Supply chain gaps

* Capabilities & Capacities
Business Case review and selection of alternative

| 1t Technology Devel, Projects

Engineering Definition (upon product launch)
Pre-Production Preparation activities
Production and Verification
Delivery to Market

13) Production| || L4} Customer
Delivery

Future >

How will the Supply Chain
gaps be closed?
Production requirements
Supply Chain Development
requirements
Implementation Support

plans

Source: Manchur 2013

7) Technology Plans

¢ What are the current
and future gaps in
achieving the
technical need?

How will the gaps be closed?

Series of Projects and sub-

projects

Deliverables

Workstatement

Schedule

Budget

Funding

Risks

Skills and training

Transition Plan

5) Technical Needs

*  Whatare the
technical needs to
achieve the Product’s
success?

9) Business Case Review

Selection of Product alternative
X and its developmental path
and Selection

|

*  Project and sub-project execution

¢ Technical enablers
* Knowledge, IP and experience

Product is launched)

¢ Materials, Tooling, Equipment,
Facilities, Training, Qualifications,
Verifications, Supply Chain

preparation, etc.

|

14) Customer Delivery

*  Customer feedback
*  Product improvements

] « Engineering Definition (if the

Source: Manchur 2013
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Drivers

Business |

| Market
(Ontemal) | external)
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Gap in Manufacturing Innovation

tastor
v

Private Sector
Govemment & GAP

Universities

Investment
prossesn
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Technology & Product Development

TRM Thrust Area:

ket

TRL Level Development

Supply Chain Development

Airbus technology steps

A320neo

A X .
VHBR engine
integration

Side-stick &

Electronic Engine | | All-new advanced CFRP centre CFRP Fuselage

2 gen. digital CFRP bulkhead | [Variable Frequency Aerodynamic
auto flight systen i

Controller technology wing wing box

hnology as established driver for success

New tail design paradigm

Easy Care Maintenance

Smart, energy harvesting and
storage systems

Ultra efficient new\a -
generation wings S

———]

Blended hybrid engines

Airbus long-term vision: the concept p_

Intelligent materials and
manufacturing methods

Ellipsoid-like
fuselage design

Breakthrough passenger
experience level

Optimised multi-
modal exchange

A visionary concept as a carrier for potential long term future ideas

European Union framework programme

30X | \_,.,_‘) -

Volume A350XWB 2. Concept
/>'

4 % o f plane

FP4 FP5 FP6 FP7 FP8 FP9/0L...

1934-1998 1998-2002 2002-2006 2007-2013 2014-2020 2020+
R O progra es prepare te olog
O de op
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Product Policy & R&T Notional Produ_:_'

N

A30X

iu\ns Game-changer SA

20130

Next Gen

~

ASZ%NEO Derivatives improvements
Product
o A A A Sﬁfoundat
A350§oo -800 -1000 A
A3B0e ¥
“2015"
2013-2018
R&T
Notional Derivative
Products Products
“Continuous
improvement and
nstrained architecture”

v \r

“2025
2023-2028 2029+

v

“2030”

“Disruptive Funct.
scenarios

Concepts

with “Energy,
Speculative Green,
technologies™ Growth”

Example - Composite Technology Roa
(Dates Target EIS therefore TRL 6 = 2-3 years ahead)

/ 20157 20207 \ / “2025” “2030"

2013-2018 2019-2022 2023-2028 2029+
Derivative Products “Step changes in “Disruptive scenarios Functional Concepts
P F with “Energy,
and constrained architecture Speculative Technos” Green, Growth™
More cost efficient Carbon reinforced composites/ High
Sheet Moulding
s
[ New and in systems |
11
L New fibre types and eco-freindly resin systems I
Foam materials for

structural sandwich parts

Complex 3-D preforms for load
out of infusion p i

materiak IMRnpalrznd Bonding processes I

1
Automated Bonding processes | |

Braiding process

Welding for

il

[ Enabled recycling routes for composites |

s

,W Autoclave curing without vacuum bagging
Epoxy Systems (M2X) i]
1 g paths for lead ti
I 1T
[ Robust Manufacturing through material property targeted simulation of process ]

A >

Sl m

Example - Metallic Technology Road

(Dates Target EIS therefore TRL 6 = 2-3 years ahead)

/ “2015°

2013-2018
Derivative Products.

20207 \ /

2019-2022
“Step changes in

and constrained architecture

“2025"
2023-2028

“Disruptive scenarios
ith

wi
Speculative Technos”

Ti- Novel Net Shaping processes (forging,

\

e Y

20307
2029+
Functional Concepts
“Energy.
Green, Growth™

Page 11

Industry  Industrie
Canada Canada

i+l

Technology Roadmapping in Canada:
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g
Canadian Aerospace
Envirc;nmental Technology

Steering Committee
(22 Members)

Aircraft Systems
and ATM (13)

Airframe Concepts Fuels and

Lubricants (14)

i
i

Manufacturing and
MRO (25)

Materials and
Coatings (16)

ThrustTeams

i

Engine Concepts
5]

Ground Operations
Concepts (4)

Secretariat (5)

)

Eco Design (6) |

RotaryWing A/C [

Manufacturing and MRO

TRL of MIG-TRL If rangs provided
“ s

Years ta required maturity lovel

TRL o Mig-TRL If range provided
s

Manutacturing and MRG

Image Rotation for CAETRM Figures

19A) e pasnbas o) sses,

o Future
Y ad Major
~ -!Ab Platforms

(2009)

Canadian Aerospace
Environmental Technology
Carfadian Aerospace
U oY Road Map 2.0
(2011)
i
-

7 SAGE
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REPORT TO THE PRESIDENT ON
CAPTURING DOMESTIC
COMPETITIVE ADVANTAGE IN
ADVANCED MANUFACTURING

Executive Office of the President
President’s Council of Advisors on
Science and Technology

JULY 2012

Q CrrRA

EUROPEAN FACTORIES OF THE FUTURE
RESEARCH ASSOCIATION

Factories of the Future PPP
FoF 2020 Roadmap

Consultation document

.
(0
¢ I

What are your
thoughts?
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