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Ole B. Hoen, M.Sc. Eng.

Vice President Center of Excellence and Research &
Technology

GKN since 2001
Various positions over the years

Board member Federation of Norwegian Industry’s
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GKN Aerospace: A leading global tier 1 Aerospace supplier

Strong focused businesses, sales £3.53 billion (2018), 18,500 employees.

Aerostructures Engine Systems Special Technologies
63% - £2.2bn 32% - £1.1bn 5% - £0.2bn
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AEROSTRUCTURES

Fuselage, wing,
nacelle & pylon

Inflight opening
doors and
empennage
(tails)

GLOBAL NO. 2

ENGINE SYSTEMS

Static & rotating
structures

Titanium engine
inlet parts

GLOBAL NO. 2

Transparencies

Ice protection
systems

Flotation devices

Fuel tanks
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Widest capabilities of any Tier 1

WIRING INTER-
CONNECT SYSTEMS

LANDING GEAR

—

S

Electrical Wiring Helicopter Availability

Interconnection landing gear services, MRO,

Systems (EWIS) Composis Conversion and

for aircraft & loathcatring completion for

aircraft engines landing gear mature and S

legacy aircraft

components

(drag brace)

GLOBAL NO. 3
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Flight traffic expected to grow 4,4% p.a.
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World annual traffic (trillion RPKs)
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Flight traffic expected to grow 4,4% p.a.

Environmental care:
EU’s ambition: net carbon free by 2050
ATAG: carbon neutral growth from 2020
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Flight traffic expected to grow 4,4% p.a.
Environmental care:
EU’s ambition: net carbon free by 2050

ATAG: carbon neutral growth from 2020

Noise reduction
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Tackling key environmental challenges

/ Environmental\

Objectives™

\*vs today’s best aircmfy

SRE

While building industrial leadership and ensuring mobility

Source Clean Sky 2 "’ :
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Large growth in no of aircrafts
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Commercial aircraft demand 2018-2037 — 42,730 deliveries!

China

7,690

Southeast Asia

4,520

South Asia

2,400

Northeast Asia

.1 1,450

Russia & Central Asia

d 1,290

Middle East

2,990

Africa

Boeing Commercial Market Outlook 2018-2037
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Large growth in no of aircrafts

Traditional technology not in-line with
environmental care

TODAY

200,000,000
Tonnes of Fuel
every Year

Increasing by

5% each year,

or 10,000,000
tonnes

i
Traffic |

Proprietary and confidential restrictions on title slide apply throughout this presentation

%1980

2010

2020

2030

2040

10




11160 Rev.3

Presentation title

The challenge

Large growth in no of aircrafts

Traditional technology not in-line with
environmental care

Radical changes needed in the total life
cycle:

Raw materials
Manufacturing processes
Operations

Recycling and reuse

Waste

Waste

Recovery

b
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Beneficiate

Improving
sustainability

Waste

11
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The challenge

Large growth in no of aircrafts

Traditional technology not in-line with
environmental care

Radical changes needed in the total life
cycle:

Raw materials
Manufacturing processes
Operations

Recycling and reuse

Unexpected competitors
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Lightweight technology

T

Gl

EIEL
Delivery

R

World Class
Quality

="~ Market Needs

Lead time and availability
of Major Forgings /
Castings

Scalability for rate

Full control of material &
process - monitor quality
into the material
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S

Cheaper
parts

<

Customer
Experience

Significant buy to fly improvements

Reduced material & machining

Collaboration with customers on
product & process

Optimizing material & design for
reduced weight.

Enabling functional optimization
Electrification <]
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Lightweight technology

New aircraft technology will change the
traveling the pattern

Short hauls with small aircrafts
Electrification and hybrid propulsion
Long haul with large aircrafts
Bio-fuel

Liquid hydrogen
Electrification and hybrid

Small Electric A/C

I-A _ o
Hybrid Electric
Business Jet
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Lightweight technology

New aircraft technology will change the
traveling the pattern

Short hauls with small aircrafts
Electrification and hybrid propulsion
Long haul with large aircrafts

Bio-fuel

Liquid hydrogen

Electrification and hybrid
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Aad A

WBergens Jih. Tidende

Meninger Leder v BLI ABONNENT

Hap i luften

Malet om en elektrisk, kommersiell flyrute
mellom Stavanger og Bergen i 2023 er
heftig. Det er slike ambisjoner som trengs
for & na klimamalene.

Oppdatert 6. november

Av Bergens Tidende
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The way forward

Lightweight technology

New aircraft technology will change the
traveling the pattern

Short hauls with small aircrafts
Electrification and hybrid propulsion
Long haul with large aircrafts

Bio-fuel

Liquid hydrogen

Increase efficiency in the whole supply
chain

Industry 4.0
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Technology ecosystems: ‘Day After Tomorrow' Technologies & Strategic
Initiatives

CTO and Strategy team is working on ‘Day After Tomorrow’
Technologies

— Competitive Analysis
— Disruption
- Make vs Buy

Building the Case for Strategic Investments
- Roadmap and Partnering

- Portfolio

- Eco-system engagement within GTCs

Solving Sustainability is Driving Differentiation

Intellectual IP Strategy and Exploitation A ol < ] ¥ _ { o ’E‘ -~
BRSSO
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The Industry 4.0 potential

Responsive bidding and
market capture, reduced
time to market

Knowledge and
Information
re-use

Tailored product

support and new -
business b B & SAFRAN

opportunities ! ‘.

Accurate product costing
and margin optimization,

design for manufacturing s =¥
and design for supply s g e va 8
chain ' Deveiop - 48
| MES vision and
AR strategy .-
N Flocs s A Integrated quality and
suppler | V.
Network. dind e follow up.
W/ s 3 picducis Digitalization of

and products/ 3
sariees customers

product assurance

New product introduction
lead time and cost
reduction. Minimize ramp
up impact and potential
disturbances.

o "ctory gigieal thre
facturing digital "

Model based productions incl machine |
programming, Automation-of inspection
and controk. ; :

Production automation supportecib-y <
advanced planning and sche’dulling %
including factory simulation

Enterprise gigital thre2
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GKN Aerospace Global Technical Centres

5' Trollhatten
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Disruptive technology
New materials

Nano

Composites

Multi materials

New designs methods

New manufacturing processes
Additive Manufacturing

Autonomy

Digitalization
Data mining

Al and machine learning
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The way forward
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STRATEGY

Proprietary and confidential restrictions on title slide apply throughout this presentation

COS




Proprietary and confidential restrictions on title slide apply throughout this presentation

Kongsberg Technology Park

World class high-tech mechanical solutions. Expansions both domestic and global.

In numbers
5300 employees

Sales $ ~5 Bill (NOK ~45 Bill)
40 companies

-'+t|-'-
aidy
« GKN AEROSPACE P E

Y TechnipFMC
: DRESSER-RAND
/'f// TERO
- ESKO|graphics’



http://www.kongsberg.com/
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NCE and local knowledge providers

Kongsberg the city with highest density of engineers in relation
to no of inhabitants

Norwegian Center of Expertise in Systems Engineering
Eco system of companies and technology providers in
Kongsberg

High school

Apprenticeship

kongsberg technology training centre as

Vocational college

Hogskolen

Universit
y i Serost-Norge

BUSKERUD
FYLKESKOMMUNE
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Norwegian Centres of Expertise

NCE Systems Engineering
Kongsberg

Om NCE  Nyheter Nye bedrifter

NCE-SE.NO

Systems
Engineering

Systems Engineering er en anerkjent
metode for utvikling av systemer i blant
annet bilindustrien og oljebransjen. Faget
benyttes i ledelse og arbeid med
utviklingen av store kemplekse produkter
og systemer som krever at mange N
fagomrader er involvert

= Mer om Systems Engineering
> Masterstudier i SE

ESKO

KONGSBERG

— : Nyheter
kongsberg

- km‘g@‘e:i:'g.r!o

Alt du trenger 4 vite om
Teknologibyen Kongsberg!

@ KONGSBERGSKOLEN

Finn oss pa Facebook

NCE Systems
Engineering, Kongsberg
NCE

208 personer liker NCE Systems Engineering
Kongsberg

<FIMIC Technologies m ARGOS

Kunnskapsutvikling  Leverandgrutvikling

SOLUTIONS

KONGSBERG

« GKN AEROSPACE

devolek  pressernanp.

Masterstudenter jobber med business-
case i Kina

— Bedriftene vi matte | Shanghai ga 0ss en
forstaelse og innsikt som vi aldri kunne oppnadd
med noen lesrebok, sier student p Hogskolen i
Buskerud og Vestiold, André Mydske Thorshaug
= Tatl i mot av norske bedrifter

Suksess for Apen dag

Apen dag | Kongsberg Teknologipark og pa
Arsenalet 8. november ble en stor suksess.
Anslagsvis 7 000 personer besakte arrangsmentat
Apen dag var Kongsbergindustriens fellesmarkering
av 200-arsjubilest, og NCE Systems Engineering
var hovedarranger.

= Se flm fra arrangementet

Fra outsourcing til homesourcing

— Hva vi gjer de fersie 20 drene av de neste 200
arene fror jeg vil vzere avgjsrende for Norges
utvikling, sa Walter Qvam, konsemnsjef i Kongsberg
Gruppen i sitt foredrag under Kongsberg Summit

> Endringer gir muligheter

Kontakt oss  English

B & = & = o=

Partnerbedrifter
Kompetanseklyngen pd Kongsberg
bestar av atte partnerbedrifter, atte
evrige parinere og 16
mediemshedrifter. Dette er de atte
parinerbedriftene.

Kurs

Systems Engineering varen 2015

Planiagte kurs hos K-tech hasten
2014

Hva skjer

Soeknadsfrister

Lepende SkatteFUNN
Lapende MAROFF
Lepende Europeisk
forskningsarena

Lapende BIA: Forprosjekter

Partnerbedriftene

> Argos Solutions AS
> Dresser-Rand AS
> Esko-Graphics Kongsberg AS
* FMC Technologies AS

> BKN Agrospace Norge AS

> Kongsberg Automotive ASA
> Kongsherg Devotek AS

= Kongsberg Gruppen




Technology pyramid

SAMARBEID

Kongsberg
Barnehage International

School

' Kongsberg Vitensenter
Barneskole Y devniggt .

SAMARBEID

Teknologipyramiden
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FESTO Industri 4.0 laboratorium

Cyber Physical Factory

Investment 10,4 MNOK (~1 MEUR)

FAGSKOLEN
TINIUS OLSEN

T
o FH i S
=3 =3
& ) %A
= 3 m

7 =
Cus e

System set up as a flexible

production system using mobile

phones as demo product.

The cell consists of:

* Robot

* Collaborative robot

* Integrated CNC machining

» Additive manufacturing (3D
printing)

* Intelligent warehouses

* AGV/mobile robots

* Vision based QA inspection

* ERP/MES system

* Data security

* PLC (Siemens/Codesys)

* Micro controller/Raspberry Pl

* AR (augmented reality)
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Thank you for your attention!

Ole B. Hoen | Vice President CoE and R&T | GKN Aerospace Engine Systems Norway

11160 Rev.3

Kirkegardsveien 45 N-3601 Kongsberg | Norway
Mobile: +47 924 12 797

ole.hoen@gknaerospace.com | www.gknaerospace.com
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