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RAeS Hamburg in cooperation with the DGLR, HAW, VDI, & ZAL invites you to a lecture

The Role of Technology in the Future Aircraft Cabin

Dr Thomas Budd, Lecturer in Airport Planning and Management &
Dr Craig Lawson, FRAeS, Senior Lecturer in Airframe Systems Design,
both at Cranfield University

Lecture followed by discussion Date: Thursday, 8 April 2021, 18:00 (CEST)

No registration required ! .
Sl e e Ve i Online: http://purl.org/ProfScholz/zoom/2021-04-08

Focussing on passenger satisfaction and
remaining responsive to shifts in passenger
preferences and requirements is key to the design
of future cabins. Awareness of the environmental
impacts of aviation and the need to mitigate these
effects through enhancements to operations and
aircraft design has arguably never been greater. The
nature of these challenges has been made even
more complex by the ongoing disruption caused by
COVID-19.

New technologies are likely to play a key role in
helping overcome these barriers, and we are already
seeing exciting innovations in areas including in-flight

Philippine Airlines business class Airbus A330-300 in tri-class passenger weIIbeing sustainability and
configuration (Carlo Salgado, CC BY-SA , http://bit.ly/3srpnfN) . . ’
personalisation.

This presentation examines the role of emerging technology in the future aircraft cabin, examining onboard
needs and requirements from a passenger’s perspective to better understand the capabilities and potential
applications of various current and future aircraft cabin technologies. Cranfield University is inviting debate on
the pros and cons of the resulting intelligent cabin proposals.

HAW/DGLR  Prof. Dr.-Ing. Dieter Scholz Tel.: (040) 42875-8825 info@ProfScholz.de
RAeS Richard Sanderson Tel.: (04167) 92012 events@raes-hamburg.de
VDI Dr.-Ing. Uwe Blécker Tel.: (0151) 12338411 uwe.bloecker@t-online.de
Hamburg Aerospace
= Lecture DGLR Bezirksgruppe Hamburg https://hamburg.dglr.de
nSeries RAeS Hamburg Branch https://www.raes-hamburg.de m
DGLR ZAL TechCenter https://www.zal.aero
| s VDI Hamburg, Arbeitskreis L&R https://www.vdi.de

Hamburg Aerospace Lecture Series (AeroLectures): Jointly organized by DGLR, RAeS, ZAL, VDI and HAW Hamburg (aviation seminar).
Information about current events is provided by means of an e-mail distribution list. Current lecture program, archived lecture documents
from past events, entry in e-mail distribution list. All services via http://AeroLectures.de.
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Digital Aviation Research
and Technology Centre

Cranfield’s
global research
airport

Cranfield’s global research airport offers a
unique environment for transformational
research into the aerospace sector. As one
of the few universities in the world with our
own airport, we are at the forefront of
aerospace technology, working to address
the challenges of digital aviation and
rethink the airports, airlines, airspace

management and aircraft of the future.



The Passenger Experience Laboratory

Cranfield
University

At scale airport terminal environment

User trials

Innovative design and
co-creation

|dentification, testing and
validation of airport
technologies
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The Passenger Experience Laboratory

Cranfield
University

Aircraft Cabin Technologies Integration Facility

Cabin Development

S ww 7 Capabilities
S EER /A / WS

|dentify & Realise viable
cabin R&D streams

Verify & Validate cabin
technology
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sr) Restoring passenger confidence is key

‘Bio-safety’

Rebooking, compensation,
insurance

Quarantine, testing requirements

UK Consumer Trust in Travel Industry

. Net trust (% trust - % don't trust)
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Source: Which? Consumer Insight Tracker, Online Poll weighted to be nationally representative (UK),
approx. 2,000 respondents per wave



swess ) Some cause for optimism, but concerns remain

o o
84 /0 of people would not travel if 81 /O say they would be more
there is a chance of quarantine likely to fly once they are
vaccinated

84% passengers ‘somewhat

o
concerned’ or ‘very concerned’ 57 /O would wait two months
about contracting the virus while or less before flying again
travelling

Top concerns

65% Sitting next to infected person
59% Being in a crowded bus/train
42% Using restroom/toilet facilities

Source: IATA, 2020/21. Air Traveler R



Cranfield
University

Passenger experience in a new era of air travel

COVID-19 presents an opportunity to reassess and redefine the future air passenger

experience for a new era of air travel

Seamless

Sustainable

...but what does that mean in terms of future aircraft cabin technology?

Images: Storyblocks

© Cranfield University 2020



<w Evolution, then revolution?

TATA

Aircraft Technology Roadmap to 2050

Source: |IATA

2021-2035

Traditional tube-and-wing configurations
with turbofan engines

2035 onwards

Radical designs, blended wing bodies,
strut-based wings, hybrid and pure
electric, hydrogen propulsion




Key technology trends

“1 e Bio-safety
j Connectivity & Personalisation

g Wellbeing & accessibility
e Sustainability




An expectation of bio-safety

Cranfield
University

Touchless surfaces (gesture and motion control)

‘Bring your own device’

Visible interventions

Image: Storyblocks

© Cranfield University 2020



sz ) Cleaning and disinfection

Active Passive

‘Enhanced’ sanitation Antimicrobial films and adhesives
_ _ (retrofitted or incorporated in the
Treatment with UV-C light manufacturing process)

Images: Ryanair and Corsair Media Cen

© Cranfield University 2020




The ‘always-on’ passenger, connected and informed

Cranfield
University

Digital expectations driven by desire for:
- Interpersonal connections
- Convenience

- Self-expression

Real-time information & booking

- flight status, baggage tracking, onward travel

Image: Storyblocks Personalised and contextual e-con

© Cranfield University 2020



gzas) Driven by changing passenger demographics

Passenger Forecasts by Generation types globally to 2050

7,000,000,000
6,000,000,000
Global Passenger Forecasts by Cohorts
5,000,000,000
2018 2028 2050
gNext Gen 43,000,000 1196,000,000 1 6,163,598,421
4,000,000,000 ¢ IGeneration 7 946,000,000 1,248,000,000 3,520,000,000
Millennials 1,075,000,000 884,000,000 2,400,000,000
3,000,000,000 Generation X 860,000,000 780,000,000 2,080,000,000
Baby Boomers 989,000,000 728,000,000 1,440,000,000
Total 4,300,000,000 5,200,000,000 16,000,000,000
2,000,000,000
r N B | 1
I |
1,000,000,000 I N
|
-~ N '
[ [ I ||

M Baby Boomers

2018 2028 b= =

Generation X Millennials

B Generation Z

2050

[ Next Gen

Source: IATA, Knomea and LSE Research, cited in Inmarsat ‘Sky High Economics, 2018




swas) A focus on wellbeing and accessibility

Physical wellbeing (body motion, lighting, noise,
vibration, air pressure and humidity)

Mental wellbeing (fear, distress)

Monitoring and sustainment A plﬂ ne

of One’s
Inclusive design Own

Would aircraft interiors be different if more
women were involved in the design process?

BY KATIE SEHL

Image: Apex Experience Mag
© Cranfield University 2020



sees ) Sustainability as the foundation

Light and efficient structures

Circular economic principles

Environmental information




canfield )| Cabin Interiors Research Activities

Collaborative academia / industry research to accelerate TRL progression and
enhance passenger experience through technology integration

FUCAM Project: Bottom Cabin Lounge Area, Spatial Visualisation

* Theoretical Research S Asovce concerr e
 Technology Adaptation 3

« Laboratory Prototypes
 VR/AR Models
 Dimensional Mock-ups
* Functional Prototypes
 On-Board Installations
 Routes to Market

T

© Cranfield University



‘Sﬁ?\i‘eﬁ‘;‘@, FUCAM: FUture Cabin for the Asian Market

AIRBUS '@ “‘
The Challenge: A! |rUCAM| momed

* To develop a conceptual cabin interior

design dedicated to the Asian markets from 3 e
2025

» Horizon 2020 collaborative project €1.8m q:"

« 8 Partners co-ordinated by Airbus 2016-19 .

-UC
IVIE

N4 A HEONUN

© Cranfield University




‘S;?g;g FUCAM activities and areas of focus

FUCAM Project: Bottom Cabin Early Concept

Viable Solutions Brainstorming:

» Possible Cabin Configurations
* Functional application scenarios
* Implementation assessment

\ ~.
Different Regional Customer Needs (EU/JP): k
« Seat: Physical Space / Personal Privacy ™ "
 Interaction: Individualism / Collectivism \

« Lavatory: Functional Simplicity / Effective Hygiene
 Functions: Comfortable Resting / Extended Activities

FUTURE
CABIN
FOR

S THE
ASIAN
MARKET

19 © Cranfield University




canfeid | FUCAM Enabling Technology (CU)

University

Technology Name: | Printed Lighting

Source (Link, Ref): | htto./fwww lightsheets.net/home html ; hitto://vww.cruei.com/orinted-light. htm|

Developed By: Various |Counm'nfonqm: USA

Description:
Anovel technology involves spraying electroluminescent ink onto various surfaces, which may even be
touched by hand. The light-emitting material consists of a phosphorescent compound that has been

L] L]
I n h n I I r = processed at a nano-molecular level and emits light when exposed to weak electrical current. Produces
I L " pleasant light at the intensity directly related to the strength of supplied current.
Technology Name: | Distributed Acoustic Conve

- A database of potential cabin technology
« Methodologically reviewed & selected — e

Description:

- . . . The system, originally developed for the special service (
« Cabin -3 (existing cabin tech exclude
noise altering and cancelling. This is achieved through list|

in a particular location where a conversation takes place, 3
to mask the spoken content and reduce the overall volume (

* Focus on technologies, not specific solutions R

1.5

 1000s reviewed, ~400 recorded
 Push and Pull modes

Example application of printed light in a public building.

u
] ustification:

e C o r S I n c u e n Readiness Level: | 1p; 4 ¢ (Lab Phase) | Offers extremely light weight and volume of installed
See TRLC g lighting, unprecedented freedom for visual design, and

Microcontroller o the delivery of light where current solutions cannot

" L - 4B MHz reach.
- 32 bit Time Horizon:
° [ime horizon ahe e s

The risks of applying large areas of electrically-
4 Independent Outlets o . conductive material within cabin need to be studied
With c:errgnt sgngmg Input Voltage Sensor J‘I Cost Outlook: L and mitigated (some work already done by vendors);

[ ] & Digitally Controlled & Overvoltage n Approximace needs to be qualified for aerospace use,
Switches Frotection

A small (palm-sized) module delivering the described functionality.

« Basic description .

Readings; l:eve TRL4-6 (Lab Phase) Allows creating “local” conference areas at passenger
SRt e seats through enclosing their confidential discussions

° Justification for cabin appl ication -~ e e by g

5-9years

Barriers:

Currently developed and tested within the lab for a
standard office environment within the building. Not
tially considered for use within aircraft cabin - area
for further development.

Cust‘ .U'Ilﬂ ok: Fo

Apy

© Cranfield University




FUCAM Enabling Technology (CU)

Cranfield

University

Domain

Cat. #}

CBS Category Designation

Topic |
Ref. :

Topic Name

Data Framework - Cabin Breakdown Structure:

« A Top-Level breakdown of cabin components
* Unrelated to any particular OEM product
« Used for aircraft-level impact assessment

Facilitates the allocation of new technology for
cabin integration

1. Cabin Core & In-Flight
Entertainment System

01 :cabin Management System

& control Panels f User Interface / Input
8  |Processing Units & Control Modules
€ !System Interfaces & Data Connectors
D |Servers & Mass Memory Systems

02 Connectivity (Data Transfer)

& On-Board - wired
B |On-Board-Wireless

: Sateliite Communication Services

& satellite Radic
8 isatelite TV
c  isatellite Communication |External)

+ User Interfaces / PSU

A Device & Data Ports
B Buttons & Switches
¢ control Panels

05 Cabin Monitoring & Security A Video Monitoring
: 8 |Audio Monitoring
¢ ichemical sensors
D | Movement/Motion Monitoring
: E :Other Security Equipment
06  ;Cabin communication A& |Crew Intercom

B Passenger Address
[4 Sgns, Indicators & Plackards

+Flayback / Qutput (CMS & IFE)

& Display / visualization Systems
8 | Audio systems
€ !Printers & Other Physical Outputs

1 Infermation Solutions

A Fkl‘rt Information

Structure:
* 9 Top-Level Categories

01 ;Cabin Power Systems

« 30 Sub-Categories

3. Environmental I Control |

01  iCabin Lighting

: Cabin Aural Envirnment

EiB

| Oxygen Systems

1smoke & Fire systems

21

© Cranfield University




e - UCAM lower concept cabin (Airbus)

University

+ Biometric boarding pass sensor
* Biometric authentication
+ Baggage reminder system

* Partner: bottom cabin interior e
design

« Cranfield: technology application
scenarios

* Smart touch — screen projector
* Windowless view solutions

’” &-— —
i

FUCAM Project: Bottom Cabin Relaxation Area, Spatial Visualisation

+ Adaptive posture advisory system

* Ultra — thin compact flexible heaters

* In — seat massage technology

+ Ultra low — friction coating

+ 3D printed metastructures for vibration absorption

22 © Cranfield University



canfield |  FUCAM super-economy seat (Mormedi)

University

« High density flexible bench seat concept

 Mormedi's FUCAM seat was awarded Excellent
Product Design recognition in the 2020 German
Design Awards: Aviation, Maritime, Rail category

P e
L
a\e ﬁ@r
LAY = ks J ()
a7 'i'
! =il

il
=

FUCAM Project: Super eco seat concept by Mormedi, enabling technology by Cranfield University
https://www.mormedi.com/en/qgerman-design-award-super-eco-seat/

© Cranfield University



canfied | FUCAM Za-isu Seat (Jamco)

University

« Za-isu traditional Japanese seating chair
 New premium class opportunities
 Interchangeable hard/soft seat cushions
* Accessible hand luggage

« Patented table and seat features

FUCAM Project: Super eco seat concept by Mormedi, enabling technology by Cranfield University
https://www.jamco.co.jp/en/news/ir news/COPY-COPY-COPY-ir news-1615776096950769597/main/0/link/79th%20Term%20Business%20Report.pdf

24 © Cranfield University



. S Introduction
Aerospace Technology Institute u NSTITUTE - taree

Cranfield
University

ATI Future Cabin Opportunities -

+ s
AEROSPACE |INSIGHT+ \JC

» TECHNOLOGY

The UK has an

n the cabin interiors market. Given the bl
nanufacture, need to re

reakneck progress
nufacture, and the need to red nviron

uce the environmental
t the rationale

of technology i

mpact of rati

and oppo ntia
the

Creates UK technology strate :
ca pecific high-potential tect s INS
init novation in UK cabin inter £ 1e supply ch
to su formation of collaborations and technology projects, and drive disruptive innovation through new
and ex i

Funds R&D through UK Department for Business,
Energy & Industrial Strategy

UK Cabin Interiors - £2bn

Tech strategy report 2019 by ‘Achieving the

. , . . . 14 THE UK CABIN OPPORTUNI'I;
Difference’ and Cranfield University

—

https://www.thedifference.co.uk/

https://www.ati.org.uk/media/zdkpeumi/insight 14-the-uk-cabin-opportunity.pdf J

© Cranfield University
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canfied | ATl Future Cabin Opportunities

University

Technology Prioritization by GE/McKinsey Matrix

_

AEROSPACE

Passenger Cabin Prospects: \ /(  TECHNOLOGY 5 e gthedifierence

* Full Cabin Equipment Breakdown ooy v
* |dentification of Potential Solutions o

07-B-01 25-D-01 09-B-01 01-C-01
L ] 07-C-01 ® L J [}
67%
- § 07-C-02 D6-A-03 05-B-01 23-C-01 03-B-01 23-B-01
Assessment of Relevant Technology: |: .
08-B-01 01-C-02 11-A-01 24-C-02

Attractiv

» Cabin Application Assessment
 Technology Value Ranking
* Detailed Roadmaps i

10-A-01

0% *®
0% 33% 67% 100%
Competitiveness

26 © Cranfield University




cansetd | AT Study Output

University

Technology Roadmap 2019: AIRCRAFT PASSENGER CABIN SYSTEMS  (Part 1) | Rea |

Weight Reduction | Increasing Levels of Comfort & IFE Capabilities | IFE as Andillary Revenue Source | Modernization of Existing Aircraft | Growing Regional Economies | Increasing Air Traffic

2018 2020 2025 2030 2035+
E E g m o Dp:ﬁ;ﬂ.;? E';:lw é;;_;:'; i ﬂ'“:#“!t ] AEROSPACE
= e \ /(’155:':3%2“

27 © Cranfield University
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Cranfield

University

ATI Study Output

Technology Roadmap 2019: AIRCRAFT PASSENGER CABIN SYSTEMS  (Part 2)

Cabin Monitoring

Bl A

FMA
Nl ]
el
By
=
Y
TRL 5: 2047 D%“’w
&Y

R R M N

R R '#' Window transparency: not in scope but high potential
#

h o o e e e e e e e e e o [ e e P

S5
&Y
A
2018 2020 2025 2030 2035+
EEE et = Bteay oo comexs S i } AEROSPACE
£ — & £ W A ¥ \ S st
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Cranfield

imversiy | FUture Cabin Design Method (PhD Project)

Multi-faceted motivation:

« Offer unprecedented levels of PAX satisfaction
« Ensure tangible Carrier revenue growth
« Meet OEM stakeholder values & needs T i e

- Before Payback

4.7-4; 4.18-1: Audio

Cruise Time Profit, per-Passenger:

—> Strategic dominance for all involved e 0 . Em

£0.19 £0.02 £1.02 EUR / PAX
- Intermediate Range 2: -£0.20 £1.35 £0.56 £0.47 £0.04 £2.19 EUR / PAX
- Long Range: €034 €2.24 €0.97 £0.65 £0.07 £3.64 EUR / PAX
Cruise Time Profit, whole Cabin (all PAX):
- Short Range: €5 €27 €17 -€10 €0.9 €45 EUR

- Intermediate Range 1: €29 €192 €83 €57 €6 €312 EUR
n - Intermediate Range 2: -€£61 €413 €172 €143 €13 €669 EUR
es po e e o o o% - Long Range: -€103 €684 €297 €198 €22 £€1,112 EUR

ili. Total Profit per Flight (Cruise Time) - After Payback

Cruise Time Profit, per-Passenger:

« Demonstrating MCDA for Cabin Design

- Intermediate Range 1: -€0.07 £0.64 £0.30 £0.29 £0.02 €111 EUR / PAX
- Intermediate Range 2: -€0.15 €1.37 £0.63 £0.69 £€0.05 €238 EUR / PAX
[} L] - Long Range: -€0.25 €227 £1.08 £1.02 £0.08 £3.96 EUR / PAX
e Buildi ng upon the latest approaches Cruiss Time Profit,whale Cabin (all PAX):
- Short Range: -€4 €27 €19 -£5 €1 £49 EUR
- Intermediate Range 1: -€22 €195 €93 €89 €7 €340 EUR

- - - - - - “I: - Intermediate Range 2: -€45 €419 €193 €211 €16 €728 EUR
® I l I l p ICI y I n us rl a a p p ICa I I y - Long Range: €77 €605 €332 €311 €26 €1,211 EUR

iv. Profits per year

. €0 €600 €203 €81 €20 €005 EUR / Seat
Pre-payback Yearly Profit
€0 £ 186,503 £89,510 €24,882 £6,100 £ 304,442 EUR
3 €0 €619 €324 £596 €64 £€1,086 EUR/ Seat
Post-payback Yearly Profit
€0 £ 189,354 €00,247 €56,725 €7,129 €332,203 EUR

29
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‘Sﬁ?&‘eﬁ;‘& Bizjet Cabin Concept

VTOL Hybrid-Electric Business Jet:

* Industry-funded Group Design Project
« Joint CS-23 & CS-27 Certification

« Dedicated MSc candidate for Cabin
Design Development & Integration

E-Starling Cabin Concept by a Cranfield MSc student

T 4 Tasks Performed:

« Cabin Concept Development
« Detailed CAD: structures, systems, maintenance
« Certification Compliance & Safety assessment

E-Starling by SAMAD Aerospace https://www.samadaerospace.com/estarling/

30 © Cranfield University



canfield | LOWer Cabin IFE Module

University

By  ECSand.air outlets Light

VR equipments container box

Passe n ge r Val ue: * N Siiding door /
 Entertainment
¢ SGC' u SiOn & P rivacy : Foldable mattress

« Resting & Relaxation

Stakeholder value: vkl Siokige Box —
- Significant ancillary revenue potential /

* Modularity (container-based)

« Maintainability (easy access)

3D Rudder

Container-based Bottom Cabin Entertainment Module Concept by a Cranfield MSc student

« Easy implementation (no significant structural re-design)

31 © Cranfield University




s | BiOSafe Tech Integration

University

Cabin Biosafety:

* Individual MSc Research Project
« Considers a variety of means for tackling COVID-19 spread in cabin
* Technology Assessment to establish suitable implementation options

Gesture Recognition Cabin Integration
Decision Problem Dimensions

A \ 4 \ 4 4 \ 4 \ 4 A

Contamination Passenger
Expolsurel Ergonomics Hygiene Accessibility Maintainability Certification Preferer? ce

32 © Cranfield University




faesly | Biosafe Tech Integration

Biosafety Technologies considered:

« Gesture-Recognition Technology
* Touchless Cabin Interfaces

* Active Disinfection

« Passive Sanitisation

* Bio-Resistant Polymers . =
° Alr & Water Treatment / Flltratl on Cabin-wide Biosafe Gesture Recognition System Concept by a Cranfield AVD MSc student

33 © Cranfield University




Seamless Journey and the
Passenger Experience
Laboratory, DARTeC

IEI""EFE“"“' EI
e ey

.. "'r 1l

&_

Dr Thomas Budd and Dr Craig Lawson
DARTeC, Cranfield University

i

Thanks to Roman Kirenskis for

Cranfield
University
providing significant slide material

© Cranfield University 2020
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