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Boeingft FT=7a kB 20214 - (w3)
[New Horizons - inZ#EEXDRE

President, Boeing Japan (acting V.P. Boeing International)
<Former GM, Sikorsky Aircraft Corp., United Technologies Corp.>

William Shaffer (2/3/2021 at “AEROTECH TOKYO”)

e Focus Area in Collaboration IRE®DEARIUE (112)

with Japanese Government and/or Tier 1s

* METI Technical Collaboration Agreement 2019
* JAXA LIDAR CAT 2018

* Toray CFRP LTAB777X & B787 2014

* JADC LTABT777 /777X, B767 & B787 2013

<Future Technologies to focus on applications on completion of R & D >
v" Operability EE FH 4% : “Cabin Air Purification (Protection from a Virus)”
v' Sustainability #.’ﬁ-—.:'ri @ Hydrogen. @ Aviation Fuel
v" Producibillity £ EETE : AM [i&: FAHYE — . CFRP (20% Efficiency)
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® Focus Area in Collaboration (2/2)

< Future Technologies to focus on applications on completion of R & D >

* MBE (Model Based Engineering) :
“Model Based Exchange & Digital Thread” = AM

* APQP (Advanced Product Quality Planning): “Process Control” = AM
* Full Size Determinant Assembly
% Safety Management System

Boeing Defense Platforms

Reduced Cost & Schedule < Design &
Manufacturing Tools and Processes
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@ Aerospace Business Environment FBEXEIREE
¢ Commercial Market Trends
* Passengers - 20194F vs Dec. 2020 North America 56%, China 64%,
EU 24% (World 48%)
20184F Actual Traffic RPKs : 8 Trillions @ 20204 2T @ 20244 10T
* Near Term Demand Supply & Regulation
Governments : Sustainability / Travel Regulation / Infrastructure
Airlines : Fleet Decisions [ Workforce / Capital
* Market Resilience [B]{€ /1 =& Market Diversity / Emerging Markets / Innovation
Versatility ;L% @ Capability / Network Flexibility
* Single-Aisle 1 (B737 & A320 E D& H#TE)
o 2020~2029 : 18,350 Fr## (13,570 MK EHE) £65%
2020~2039 : 43,110 $T#8 (32,270 ficZ4#%) Asian & China Fleet 30~40%

# Protection from a Virus = § ;¥ - ABDIVY ZTI0Y
¥ In-flight — “Clean Air - HEPA” | Cabin Airtiow- (U Study) e = ‘
UV built into the airplane ERER
anti-virus coating / Inonization Technologies -
[How does cabin air compare to everyday life ?]
« Uniform Testing and Screening Protocols, Critical International Travel
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Boeingtt HEDIKYDERFE 20195~ (13)

FEDZRZFE President, Boeing Japan Brett C. Gerry
(2/6/2019 at Aerospace R & D Exhibition in Makuhari)

Digital {t® AR loT/Al/Data Analytics

* VR {R7B B ZE - Harnessing Virtual
* Composite £ §# - Composite Fabrication

* AM - Additive Manufacturing = 777X Wing Tool (2020 ~)

* Robotics & Automation - AR YER - BEi1E
737 Factory (1999 ~) = “#&VixLtk=" 737 Max / Moving Line (2018 ~)
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Trends in Aerospace Manufacturing

Lane Ballard, V.P. Materials & Manufacturing Technologies
The Boeing Company

MECT 2017 (0ct 2017)and CIM 2016 (0ct 2016)
October 23, 2017 Memo, written by Kiyoo (Mac) Amako

Lane Ballard : MIT Master Degree, 1982
Boeing 1982 ~ Lean Manufacturing, Quality Management,
(Present) New Materials (CFRP & Ceramic, Metals)
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7.

Presentation Contents (Oct 2017)

Launching our 2nd Century (with DVD: Boeing's 100 Year
Anniversary) | |
* A company and history like no other
- Boeing: the World's Aerospace Innovation Leader
* Boeing in Japan |
- Airlines will need : 40K new airplanes by 2035
Beyond the 1st Century of Aerospace Manufacturing
Industry Realities
Market Challenges
Challenges & Opportunities Ahead
Aerospace & Automotive Comparison
- Englneerlnﬁﬂ— Digital Definition
- Advanced Materials N |
. Eﬁaandmg Capability for utilized machine components
- A (Additive Manufacturing)mnovathn
- Titanium Additive / Subtractive Innovation
* Automation Innovation .
- Manufacturing Analytics & Digital Threads
Summary _ _
An Era of Accelerated Disruption (New Partners / Investment)

DVD - B787 Dream Liner & B737 Max in Flight

11



1. Launching our 2nd Century

e A company and history like no other
eBoeing : the World’s Aerospace Innovation Leader

- $ 94.6 B sales / 145K employees / 20K ~ suppliers / 65
countries

eBoeing in Japan (by the numbers)

- 80% commercial market share (970 airplanes / 94 B787s)
- 300 defense aircrafts

- 200 team mates / 7 universities / $ 5B procurement

Airplane deliveries: 38,050 New airplane deliveries by region
2015-2034 2015 -2034
30,000 Region Airplanes
25,000 ® Asia 14,330
20,000 @ North America 7,890
15,000 @ Europe 7,310
10,000 ) Mld.dle Eas.t 3,180
5000 2,490 4,770 3,520 Latin America 3,020
EER B ey 540 @ Africa 1,170
Regional Single- Small Medium Large cis 1,150
jets aisle  wide-body wide-body wide-body

% 70% 13% 9% 1% World Total 38,050
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2. Beyond the 15t Century of Aerospace Manufacturing

i AM (Additive Manufacturing) .
Automated Composite Lab  _ Paradigm Shift Robotic Assembly

13



3. Industry Realities
- Industry customers are demanding more for less

- May 2015

Doubts plague aerospace industry ahead of Farnborough Airshow

- June 2015

Boeing & Airbus face mammoth task to clear order backlog

- March 2016

Honeywell cuts 2016 sales forecast on weak aerospace demand

- July 2016

Production cut drives deeper loss at AT|

- July 2016

GKN to cut jobs and reduced investment

- Sept. 2016

Rise in aircraft demand forces supply chain to modernize

- Oct. 2016

Should — cost Review to improve Affordability ?

The US DOD is experiencing unprecedented cost pressures as demands
to reduce government spending rise.

14



4. Market Challenges — What the customers want

@ Safe
@ Affordable
Gt BT
@ Upgradeable R A e
YV AR
@ Flexible . _ |
@ Performance — E{ R
g = 25 e ,.-a""‘-“““* M‘ 7‘ \

> S—— ;7
. 3 ' AL |
A
. /4

@ Environmentally Responsible

@ Available

B787 : 20% or more Savings of Fuel Consumption
Year 2020 ~ : Significantly Improvement of Manufacturing Efficiency
»| needs to speed-up

15



5. Challenges & Opportunities Ahead

o Speed to Market TAMAY TR KD EL A |

e Design for Manufacturing “HIE8 A ETDHH e
AR AR — | TR Wi
“J:U < J:UE(VE%)”

- —
e -_:_ Ko IZ’H“".’.LT:
B0 N = mh

o Modularity [£°15— §%&t)

“BEEBDIRGVR RV
o Traveled Risk I'') 2l i J BRI -2 FEﬁ/\J_I:IBI:II:I
“FRY” -IEMORNBKOETY o s 787 PP
Concurrent Efforts i
Team1
* Team2 | | Rework |
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6. Aerospace & Automotive Comparison
6-1. Engineering — Digital Definition

<fiZe> vs <HEIE > |

| B787 BMW I3 |
| - SRR 2.3M | B4R 10K/ & :
HER 12/ A 2100/ B |
CeHBEAR 2MA 2MA
20024 LK Boeing#t(d
REIC, ERELMERENE 50,000 {EEZ 5Bz

AMTHE
HER T

35Nk

+ T80
BT s FH

RMITI (Y1ED) = 51 & il
AM [ B 1L AM -

RN - #TExET = [RLERM]
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6-2. Advanced Materials

- Product Performance & Production System Efficiency

¢ Top Business Outcomes
- Safe | Environmental /
Ergonomic Processes
- Robust First Pass Quality
- High Rate Capability
- Reduced Part Count
- Optimized Weight and Cost

e Top Advanced Materials Applications
- Metallic Alloys
- Composites
- Sealants / Paints
- Ceramics

e Enablers
- High Rate Processes
- Integrated Materials Modeling,
Fabrication Processing and Properties

ST Ablative Swiace

Computational
Materials Models

Reduced Part Count

Robust Seal / Paint

Materials for Extreme
Environments
(Ceramics)

18



6-3. Expanding Capability for utilized machined composites
- Advanced modeling / machining technology critical

B787 : Very Important for advanced modeling / machining technologies to be combined
[»] Boeing Strategy for AM Exploitation
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6-4. AM Innovation
- Since 2002 more than 50K flyaway parts!

EEZIR
- Speed to Market
(THTAFETDER)
- ERERER [ L
- AN KB (Buy-to-Fly.
HAAREKIZCEDLHFEMH)
- ZRGRE

o TR E 7E R S 41
- 7' AMME YY)
-ATH
- B EEED M
-BEERH

o NREIFH

S - 4 :
| .
I - @

-EETRERBRE LR ERR RUYT—%

(A E0F: B777X, 2 Trim & Drill Tool - Oak Ridge National Lab
S AL i UR- | REE LI
RTERSR : TELRETIEREEE BHN @BRICI-R)
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6-5. Titanium Additive / Subtractive Innovation
- Complex to complex machining will continue to grow!

o Pro Aoy ed or mixed
elemental pondens

_Pawdarfaane
Infaracuoe

— LRI
= allay puddie
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6-6. Automation Innovation
- Innovative, Simple, Robust & Cost Effective

¢ Top Business Outcomes
- Workplace Safety
- Product and Process Quality
- Flexibility & Factory Optimization
- Standardization / Replication

B777
Fuselage Flex Tracks

e Top Automation Applications

B737 /787
- Drill / Fill Heat Shield Line
- Paint and Seal
- Composite Fabrication
- Material Movement
e Enablers 8787

- Networked Enabled Manufacturing
- In-Process Inspection
- TRL and MRL

Aft Robotic Drill / Fill

22



6-7. Manufacturing Analytics & Digital Threads

¢ Top Business Outcomes Production Simulation
- Reduce Test & Evaluation l Rework 500/0 Future Factory Concepts Highest Impact Cells
- Affordable Manufacturing

- First Pass Quality
- Improved Factory Safety

-~
—

-
B

e TOp Applications
- Optimized Factory Flow
- Manufacturing Process Analytics Integrated Digital Factory

- Improved Automation Execution The Complete Picture
= RObUSt ProceSS & Materlal Specs Real-Time Predictive Analytics Process Automation

e Enablers
- Analytics
- Advanced Modeling & Simulation
- Industry Standards
- Integrated Digital Factory

Touch Labor Task Guidance User Study : VR (Virtual Reality)
Number of Errors — Dramatically Reduced (90% less)
Tablet AR / Quality +90% / Time to Assemble less 30%




7. Summary

e Market challenges and industry realities are driving changes in the way
the aerospace industry designs and builds products
- Cost - Speed to Market
- Performance - Environment

e Advances in materials, automation, additive / subtractive manufacturing
and data analytics are leading the changes for the 2"d century of the
aerospace industry

An Era of Accelerated Disruption (New Partners / Investment)
- Horizon X - Entrepreneuership Enterprize in Boeing

- Sparkcognition — Al Investment

- Other Flight Sciences
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Boeing AM News (1/5) 20214 6 ARIRTE (20164E10 A LIER)
<F1> Boeing #tMRATXL TS AM [ZBHT HECE
(Boeing Lot M Aerospace Tier 1s 2B 23D FEH; S TLVELY)
w [AM X M2 -FH (BE-058) 1 [CH1+5 20165F10A LIEO S A ]
($¥3c Mm1 #EfiFH) 2818,
<3F2> 20194 ¥)5E ~ 2020 K DM, Boeing # D FELEEIL “737 Max”
DRITHRE RUY “Coronafii@ERXE” (LRI 5FBIETHoT-,

= Oct. 30, 2020

- Boeing |&. Stratasys PEKK (Poly-ether-ketone-ketone) A —A AM #4 %3
(RFORA LB Z2FE B DRET OER 7 THEEE,

PE3E 3DP TIE I TELEMN o= FITH IS
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Boeing AM News (2/5)

+ July 16, 2020

- Boeing : F-15EX [ZHI1T5 THEEN LI, Wings, £ EBIRAFEEER 2 DE%ETE]
Z5e2(Z 3D Digital [CE#Z THY ., XHERSLHY On-demand (2T CNCHE#
A0 4> 3DP AVAIRE(ZARY) | 4 FA &R & 3R %= 0O Bk & Maintenance I X +
HEUBIZHE BT D, 1 (F-15EXEARR: US$ 29K / Hr < 44k/Hr by F-35)

' M%mh oo lgfzgkml FrE9 % 3DP Capability ZFHAL. COVID-19 |
- Boein <K ZF apabili ; . -19 [
xtx9 54 “Face Shield” ’éi«%‘%?’g:tl:;{;of:& H#RLT -,

= Oct. 10, 2019
- Boeing & Thermwood Corgoration [&. AM technology ZFLNT B777X D K#

— K1t Tool ZBELT =&, FHRLT-,

Thermwood %t & MLarge scale AM (LSAM) machine &#r7=IZFfAF L 1= Vertical Layer Print
(VLP) 3DP technology Z#|FL T, 20% CFRABSIZT 12ftRED Tool ZMMZEEFHEE
FITORBICESLTRET HEITRILT-,

Boeing (& LSAM & VLP ZInterior Responsibility Center facility &L TEEALT=,

- Aug. 7, 2018

- Boeing : Digital Alloy #t (Burlington, USA) [CEXKRT

- Digital Alloy : fitZE &5 (Z 3DP #ifnz {45 - High-speed, multi-metal AM systems Z34 B
% . Joint PrintingTM Technology & L. TiZ L& &9 5 High-Temperate alloy % ;& FH
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Boeing AM News (3/5)

- June 26, 2018 (1/2)

[Boeing expects 3DP to help airlines customize cabin interiors])
1) Boeing currently has AM capabilities at 20 sites worldwide, including at its Salt Lake City,

Utah facility, where it makes 3D-printed composite parts such as footrests and air
ducts for the 777X flight deck.

2) Boeing last month signed a memorandum of understanding with Israeli software
company Assembrix, which the manufacturer says will enable it to transmit additive
manufacturing design information more securely.

“Boeing’s collaboration with Assembrix will help us expand our cybersecurity digital
thread (Assemblix’s cloud-based platform) to ensure the appropriate measures are in
place to help safeguard the company’s IP,” says Kim Smith, vice-president and general
manager at Boeing Commercial Airplanes Fabrication, and Boeing’s leader on AM.

“An example of that is our collaboration with Norsk, which is using a Boeing design and
its titanium 3D printing technology to build an interior galley bracket for the 787.”

3) BCA (Boeing Commercial Airplanes’) Interiors Responsibility Center in Everett,
Washington currently produces 180 AM parts, including cabin interior components.

More than 60,000 3DP parts are already flying across Boeing’s commercial, space and
defense product ranges.

27


https://runwaygirlnetwork.com/2018/04/03/a-look-behind-the-scenes-at-boeings-interiors-responsibility-center/

Boeing AM News (4/5)

- June 26, 2018 (2/2)
[Boeing expects 3DP to help airlines customize cabin interiors]
4) Structural 3DP titanium part used to hold the Auxiliary Power Unit door open for
maintenance access when the airplane is on the ground.
This part is lighter and easier to install than its traditionally
manufactured counterpart.

(

5) Structl 3DP titanium aft galley fitting designed by Boeing and manufactured by
Norsk Titanium. This part became the world’s first structural titanium 3DP part
installed on a commercial airplane in 2017

28



Boeing AM News (5/5)

= April 23, 2018
AM Specialist T# % Morf3D 1‘:|: L (AHLih: El Segundo, CA, USA) ICE A A
Morf3D #t: 20155 % F1Z5% 31 . Boeing [A] 17 Satellite #B &k %>Helicopter B G D
3DP Ti & Al Components 0)§z EXEHY
— S %Mt (&, £ E T Aerospaceldl [+ AM Standard Process BAF %175

* Feb. 20

Boeing & Oerlikon : Metal base AM FH Standard material & Process BAFE D 1-&
5¢F‘sﬁ0)¥a”%¥m¥’ik 5% GkED

mftlE. KETEFEMENSL<. TRIED B L Structural Titanium Aircraft
Component ZBA$ 95 71=8 Powder Management > R H A D HEEZES
FTHOMREHAMIIEEDZEELZ R R TER
IRAK - 50K LY 3DP Parts A¥Commercial Aircraft & Space and Defense

Program [ZfE SN TLYS

+ Oct. 5, 2016 |
Boeing (Research & Technology) : G\ S
Stratasys EMOUHFHG ($73DP HRIFAFE) | o«
Long Fuselage Tube (101 cm x 76.2 cm) L 7
— £ R A Thermoplastic Composite & &
— Carbonfiber @ Thermoplastic Resin & &
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B Boeing vs Airbus

A380
\ 555
A 525

Current Boeing (9 abreast - 777)  Airbus (9 abreast - A350)
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