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Cranfield’s global
research airport

Multi-User Environment for -
Autonomous Vehicle Innovation
(MUEAVT)

This instrumented transport corridor runs through the

middle of the campus and is used for the development | Gas turbine and proPulSlon

of intelligent and autonomous vehicles. Sensors include laboratories

lidar (laser scanners that can measure distance), radar

that can detect pedestrians and cyclists at up to 200

metres, and thermal imaging cameras.

Opened 2017 — 2
Living laboratory =

Sensors around the airport monitor air
quality, soil moisture, temperature and
noise levels, including sound from wildlife.
Other sensors monitor water quality and
levels, and runway and ground movements.

Digital air traffic control centre

Housing the UK's first operational remote air
traffic control tower, the centre provides air traffic |

services for the airport.

Operational December 2018
Aviation Innovation and
Technology Entrepreneurship
Boeing 737 | cluster (AVIATE+)

Donated by British Airways, the aircraft | Operational Q1 2021
is used for research and teaching and i =
will be an important part of DARTeC.
— S — |-Cranfield Eagle Lab
| A partnership between Barclays and
Cranfield University. Opened 2019

Holographic radar

State-of-the-art Aveillant drone L e

detection radar for research as ] :

part of DARTeC m—e ==
B el

Research ready 2021

HyPER Hydrogen——71 —

T = Operational Q22020 &
® um bl |‘||||&L' - S / 0 -
T /
B —" ‘Smart' carpark
Digital Aviation Research and connected to MUEAVI

Technology Centre (DARTeC)

A unique centre addressing the global challenges of digital
systems integration across aviation.

Operational Q4 2020

Aerospace Integration
Research Centre (AIRC)

Major research facility with Airbus
and Rolls-Royce dedicated to future
aerospace integration challenges.

Opened 2017

Production -
B =

National Beyond
visual line of sight
Experimentation
Corridor (NBEC)

Designed to enable drones and
unmanned aircraft to fly in the same
airspace as manned aircraft, NBEC will

< open in phases as surveillance systems
are approved. The first NBEC test flights
were undertaken in February 2019 in
collaboration with the CAA innovation
team and Blue Bear Systems.

Operational late 2020

Data from MUEAVI is relayed into

the Intelligent Mobility
Engineering Centre (IMEC)
control room. Within IMEC there are vehicle

workshops, vehicle electrification and
autonomous vehicle research capabilities.

>

SAAB 340B Flying Test Bed
Operational Q1 2021

National Flying Laboratory

Centre (NFLC)

The NFLC's ‘flying laboratory’ provides a
viable alternative to flight test and research
work using simulators, wind tunnels, or more
expensive turbine aircraft, often testing new
parts and equipment for industry partners.
The NFLC also has other light aircraft used
for research.

Air Park

Future

FAAM Airborne
Laboratory

Dedicated to the advancement of

atmospheric science, the specially-

modified BAe-146 research aircraft

is owned and run by the Natural

Environment Research Council (NERC).
This is used by many UK and overseas

universities and by the Met Office.

LN,

Cranfield Aerospace Solutions Ltd
Wholly-owned subsidiary company specialising in
aircraft prototyping, modifications and approvals.

Solar power farm

Clean, renewable energy for the airport flows from a solar
\4 power farm located on the other side of the airfield.



Digital Aviation Research Technology Centre
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Digital Aviation Research Focus

Enabling Digital Systems
Integration

Conscious
aircraft

Self-monitoring, 0.
ot Digital management
systems
integration

%, Distributed
) airport/airspace
s v management
0@ N

.(().

@OO@

Systems Resilience is at the core

Seamless Journey Experience
Door to Door Journey Experience
Airport Experience (Wayfinding, Retail, Less Able Passengers)
City-Urban-Airport Relationship

Connected Systems
Air to ground data upload/download capacity challenges
Connectivity resilience (Dual systems, Cyber)
Data utilisation

Conscious Aircraft
Next Generation MRO (Zero maintenance platforms)
Hangar of the Future (Integrated Vehicle Health Management)

Unmanned Traffic Management
Low altitude Drone operation in unsegregated airspace
Drone management in segregated & restricted airspace

Distributed Airport/Airspace Management

Distributed rural airport management
Multi airport ATC operational challenges




Integrated Vehicle Health Management

Vehicle Maturation/ New Product

* Production,
certification & testing
Total ownership costs
System & life cycle
Requirements
FMECAs

Design models
Failure modes/models

Asset

Design Engineering
Manufacturing

System test data Act
Operational Control
Health Status
e Current
. ° P i
* Operational Demand « Operational Schedule redicted Transfer
* Fleet Availability « Operational Effectiveness

* MR & O leading

Maintenance Scheduling

Spares Supply 4
Asset Tracking Health Status

Maintenance Execution

R

Analyse

Data Repository
& Ground Processing




The Aircraft That Looks After Itself

| need to
compensate for the

nearly worn righ
hand fuel pump

| carry the optimised
fuel based on flight
path, load and engine
conditig

My next heavy
check is 24
months awa

Actuator
on left
elevator
uses 15%

The last pilot
landed a bi
heavy

Engine 1 can go Engine 2 can go
for another 324 for another 1357
flight hours flight hours

My sensors say
| am correctly
loaded




E-enabled Aircraft

A350 XWB

Health
Monitoring

iR
Flight deck
Integration

A320 Neo

Big Data
Analysis
:%=—| Maintenance
o €3 support control
Jhcci|

RS

In-Flight data

‘)) transmission
=)

Post flight data
transmission

B737 MAX



Civil Aviation - Stakeholders
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* FAA  British Airways * SR Technics * Boeing * Heathrow
« CAA * American Airlines * Lufthansa Technik e Airbus * Luton
 EASA e Easylet * Delta TechOps * Embraer * Cranfield
 CAAC e Etihad e STS Aviation * Rolls-Royce

* GE



Data and Communication

,_)_ E-enabled aircraft
10 x Data

LSAP - . Voice
SatCom

Voice VHF ACARS CPDLC

i
: E-enabled
&l organisations

. I Airport I
K I

==

Airline

OEM, Aircraft

manufacturer.. E
.I

Software

(AMOS, OASES,
Rusada...)

Reports

Software (Airman,
QAR Data MyBoeingFleet...)

\ 4




Construction Vehicle Tracking

https://youtu.be/31j4tVkXQV8



IVHM and asset support trade-off

Operations and Support
Strategy

Fleet Support Requirements
« Gate Departure
« Mission Reliability
* Fleet Availability

Support Costs

« Spares

 Maintenance Staff
« Support Equipment

¥

Reliability Maintainability
Fleet !
Size Availability via
Spares and
Maintenance
Staff at Every

Base

!

Availability via
Opportunistic
Maintenance

A 4

Availability via

Large, Well
Trained
Maintenance
Staff

!

Low Maintenance
Cost via 2 Level
Maintenance

A\ 4

!

Low Maintenance
Cost via
Outsourcing

Low Spares Cost

via Just in Time

Logistics

Other
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SAFETY AND SECURITY

co oOn

LN e
U I U U9V
e SAF IEF ST Y
I P A S

PILOT COMMUNICATIONS

OPERATIONAL COST SAVINGS

Looking for savings in
a maintenance, repair, and
operations (MRO)

market worth over

£14 billion-

AIRCRAFT MAINTENANCE
COMMUNICATIONS

Each ground operated

collision avoided
could SAVE on average:

£300k
o £400k"

P
%ﬂ YL
N \e g
Upto

30%

reduction in
maintenance
costs

AIRLINE AND AIR TRAFFIC CONTROL COMMUNICATIONS

Cranfield

Univers:

LTy

GROUND OPS
COMMUNICATIONS

Save over

£1,000

per flight hour *
(based on zero maintenance for
widebody aircraft)

ABILITY TO SELF-REPAIR

SELF-AWARE AIRCRAFT
{can sense whole aircraft health status)

Eachday gn aircraft
not available

{ \\ / < for operation
SN costs over

'““"““i“ﬁ £200,000"

J

"k

Cranfield IVHM Centre
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Future of MRO

Aircraft able to sense whole aircraft health
Ultra-low maintenance status (self aware), track its configuration

(towards zero (inc. BOM) and as a sensor to monitor its
maintenance) PLUS: external environment (e.g. 00O Is aircraft Reduced crew & pilot
Continuous up-grade ~ e2ther volcanic ash) | safe to fly 2> B opsredor ey
’ = m:_m' Advanced HMI used to transfer
Resilient to Cyber attack .{:,,ns,“ data between the brain and the
aircraft AVGAI
Utilising vehicle reasoning = s
amlGeneralA’;o Aircraft i Hangar of the Future
. B .2
_t,tA,-- ...................... - '_'.)
el s~
Automated real - B
time 7
airworthiness Merging Human and
decisions Artificlal Intelligence Minimised MRO&L actions
(incorporating Human operators able to Lights out MRO&L
Al Safety) that sense health of alrcraft as 3D printed spare parts to
If It was a part of their order (Aircraft places the

order). (ipepAIR

an \ "' : o -
‘Airworthy Ope ratlons Up to 30% reduction in maintenance costs




Unscientific MRO Tasks Breakdown

Paperwork

Planned
spares
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Inspection
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Scenario is representative of the pre-flight
check before aircraft despatch



Troubleshooting




Troubleshooting
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Planned Maintenance Tasks
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Planned Maintenance Tasks
S

‘ - S
L5
o ; - -
IRy

5

‘d
,.-l_l-ll‘

,-,_h'hlln'lh‘n

.

>

SV m---w
e

-’y




Digital
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737-300/400/500
AIRCRAFT MAINTENANCE MANUAL

STA
1217

STA
10165&("0’1 “8

SECTION 46

TAIL CONE
(AFT OF STA
1156)

PRODUCTION BREAK
STA PRESSURE BULKHEAD.
DOME SUPPORT RING.
VERTICAL FIN FRONT
SPAR TERMINAL
FITTINGS

sTA 1156

STA  SECTION 43
360 STABILIZER PIVOT
SUPPORT. AFT

STRUCTURAL BULHEAD.

STA AFT WEB OF APU WELL

SECTION 41
m’/ APU WELL
PRODUCTION
BREAK VERTICAL FIN REAR SPAR

TERMINAL FITTINGS.
FRONT WEB OF APU WELL

PRESSURE
BULKHEAD
(LOWER LOBE)

MAIN WHEEL
WELL

MAIN LANDING GEAR
SUPPORT BEAM
MAIN LANDING GEAR
AFT WING SPAR SIDE STRUT FITTING
STRINGERS END ATTACHED TO
AT STA 259.5 B0DY
BULKHEAD FRONT WING SPAR ATTACHED

NOSE WHEEL T0 BODY. PRESSURE BULKHEAD

WELL (LOWER LOBE). MANUFACTURING

BREAK

FORWARD
PRESSURE

O rernve

737-300/400/500
AIRCRAFT MAINTENANCE MANUAL

-05-03-210-819 /

- General Visual Inspection of the Side Strut Support Frame, Sta 685
This is a MSG-3 scheduled maintenance task.

eral
The purpose of this inspection is to detect corrosion, stress corrosion, minor accidental
damage, and fatigue damage to the side strut support frame, Sta 685.

The structure inspection satisfies the CPC basic task.

Title
CORROSION PREVENTION - CORROSION REMOVAL

nsumable Materials

Description Specification
Compound - Corrosion Preventive. Solvent MIL-PRF-16173
Cutback, Cold Application (Supersedes

MIL-C-16173)

@ﬂﬂflﬂﬂ

737-300/400/500 it
AIRCRAFT MAINTENANCE MANUAL
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Figure 245/53-05-03-990-846




MRO KPIl improvement targets

Current In 3 years In 5 years
(notlonal)

Available Hours /
Chargeable Hours

Material Availability 85% ? 100%
Job Card rework 1/1000 ? 1/10000
On Time Delivery 90% ? 100%
Material Accuracy 95% ? 100%
Accidents/ 3/ year ? 0

Near Misses



DMRO Research Complex

Super Big Brother House for
Real World Air Systems Research

htrodor2s -

A unique facility to integrate digital, human and physical aspects
of aviation for research and technology development






A Fleet Maintenance
Operations Centre

for digital, human and
physical research into the
sector’s next generation

aircraft maintenance
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Maintenance and Ops Control
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["event | st || wts || Tookmg || Tesks =
Workscope: Major Induction Date: 2016-08-19 01:00 Flying Hours: 1996.00
Type: Asset Scheduled Maintenance Start Date: 20160819 01:00 | Cydes: 1996.00
Aireraft: X5 Completion Date:  2016-09-17 01:00  Landings: 1031.00
Depot: Main Depot Calendar Days: 1521.00

Dock: Major-1



Virtual Airline Operations Control

From To Block Times Destinations
@Edinburgh ICAOcode 00 15 30 45 01 15 30 45 02 15 30 45 03 15 Hours RoutesKm
GTW | FRA 1h30 15 655
Gatwick G 2.5 1148
@ Frankfurt 1.25 533
Parisi

@ziirich 2.75 1244
Geneva®) @ Milan y) 938
Nice ® 1.5 756
2.5 1348
3.25 1446
United Kingdom Time UTC 00 790
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Data Quality and Interoperabiltiy
Cranfield Maintenance Program and
CAMO

Cranfield CAMO »

[ZE£] R T AT AIRCRAFT TECHNICAL REPORT s, 1.0, Eon 308 pamondamorty

Locx Y
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Accountable Manger — TBC

It is the responsibility of the accountable manager to ensure all work carried out on the aircraft is
done so according to approved procedures as laid out in the Boeing Aircraft Maintenance Manual,
and other manufacturer-approved documentation

It is the responsibility of the Accountable manager to ensure all staff observe and adhere to safety
and warning/caution notices given in the Approved maintenance manual, when working on or near
the aircraft

It is the responsibility of the accountable manager to ensure all access equipment and tooling
utilised for the purpose of maintenance on the 737-400 are in a serviceable condition

e 3 Sy L’

ey

Facilities

A.AI.“

K(/A,() IM‘(, [ —
ey / LA 3 VS by o

b o]
All maintenance will be carried out on campus at Cranfield University :

<P0N OIOOMI NUM2-I-4DOSD=»
<900 DI0OMD WOMZ2=-I~205D=>

Maintenance

All maintenance is to be carried out in accordance with manufacturer Approved documentation
All maintenance undertaken on the aircraft is to be recorded in the Aircraft Maintenance Manual,
as well as by completion of the relevant work pack worksheets of the Parking Maintenance
Programme

Fomm tia. CE0S00(120%) ASTRON issue 1050 Page ©

Aircraft Technical Report

Any damage to the aircraft is to be recorded, and reported to the Accountable Manager @_ﬂﬂflﬂﬂ
KLM1 737-345 MSG-3
TASK CARDS

Aircraft Maintenance Programme Compliance

DATE TAIL NUMBER STATION AIRLINE CARD NO. BOEING CARD NO.
The aircraft is to be maintained in accordance with the Cranfield 737-400 Parking Maintenance X ‘ 32-052-01-01
Programme TASK 32-45-21-024-001 el e
This maint e is to be pl din :_“ e, using the Parking Maintenance Record worksheet, 3. Nose Landing Gear Wheel Removal

and resource made available in order to comply with the Maintenance Programme Ao
eneral

(1) The tools that follow are necessary to do this procedure.
« wheel or brake change dolly, COM-287
+ Torque Wrench, 250 ft-Ib (339 N'm).
B. Remove the Wheel
(Figure 2)

SUBTASK 324521214002

Aircraft Records

All maintenance is to be recorded in the Aircraft Maintenance Manual
Completion of a Parking Maintenance Programme work pack should additionally be recorded by
completion of the worksheet, as well as annotation of the Parking Maintenance Record worksheet

Maintenance Task Card




Digital Engineer
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Scenario is representative of the pre-flight
check before aircraft despatch




pi@raspberrypi: ~

Autonomous Inspection

___LUVCview (c) Michel a3/ 1312
LUVCview (c) Michel Xhaard, 18.3 fps

1 = ) a2 B

city (Burger : ~ 0.22, Waffle and Waffle PL

~ 2.84, Waffle and Waffle PL

: force stop
to quit

currently: Unear vel -6. g vel 0.0
r vel 0.0
1 0.0
angular vel 0
currently: 1 angular vel 0.
[turtlebot3_teleop_keyboard-1] process has finished cleanly
Tog file: /home/hanwen/.ros/log/47859942-fa7e-11eb-887c-80304942609/turtlebot3_
teleop_keyboard-1+.1log
all processes on machine have died, roslaunch will exit
shutting down processing monitor.
. shutting down processing
e

n nl

/home/hanwen/catkin_ws/src/turtlebot3/turtlebot3_example/launch/turtlebot3_goto.

or complete

PARAMETERS
* [rosdistro: kinetic
* [rosversion: 1.12.17

[NoDE
turtlebot3_goto (turtlebot3_example/turtlebot3_goto)
[ROS_MASTER_URI=http://192.168.222.102:11311

/opt/ros/kinetic/1ib/python2.7/dist-packages/roslib/packages.py:451: UnicodeWarn
Unicode equal comparison failed to convert both arguments to Unicode - inte
rpreting them as being unequal
if resource_name in files:
process[turtlebot3_goto-1]: started with pid [13560]
o

1.67318320274
0.139605775476
0.0




Speculative Roadmap

LEGEND

Near term

Digital

Productivity

Inventory

Inspection
Quality
Safety

Off hangar

Tablet -> wearable devices Massive and Secure infrastructure

Comms - G/G, A/IG
Degraded? Secured? Seamless software integration

Global tele-engineering support

People, parts, tools RT Prognostics . Predictive maintenance
geolocation

o Unexpceted findings —
Electronic sign-off RT resource re-scheduling CoBots

Additive Manufacturing - cabin Additive Manufacturing — small metal

Remote upper surface Robotic fuel tank inspection
inspection
RT damage assessment

Collision Avoidance - passive __ ) ]
Collision Avoidance - active

Pre-flight automation

AOG optimisation

Mobile and agile hangar .
Version 20220128



MSc Digital Aviation Technology Management

(First Cohort October 2022)

Cranfield

Aviation Digital University
Technology
Management MSc

Develop future leaders with digital skills to
innovate solutions towards sustainability and
efficiency in aviation.

Find out more
www.cranfield.ac.uk/adtm

Cranfield

Aviation Digital University
Technology
Management MSc

Develop future leaders with digital skills to
innovate solutions towards sustainability and
efficiency in aviation.

Find out more
www.cranfield.ac.uk/adtm




Who is this for

* Fresh/recent aeronautical graduates aspiring to add Digital in postgraduate
degree

* Fresh/recent engineering, computing, maths and physics graduates aspiring
to enter aviation sector employment

* Engineers/managers already in aviation sector seeking postgraduate degree
for career progression



*

Module flow

*

Aviation

Digitalisation — Engineering

(1)

Data-centric
Aircraft
Systems

(4)

Predictive
Maintenance
Technology

(5)

Aerospace
Inspection and
Monitoring
Tools

Digital

(2)

* Part Time 1st Year

PgCert Compulsory

*

Digital Aviation
Operations and
Maintenance
Management

(3)

(6)

Digital Aviation
Supply Chain
Management

(7)

Group
Project

(20% of
course
marks)

Communications and Cybersecurity in
Aviation (8)

Individual
Research
Project

(40% of
course marks)




Entry Requirements

* A first or second class UK honours degree in engineering, or an equivalent degree in
engineering, engineering science, physics, applied mathematics, or other appropriate
applied science.

* Other recognised professional qualifications or several years relevant industrial
experience may be accepted as equivalent; subject to approval by the Course Director.

* English requirements:

If you have previously obtained a higher education level qualification from a UK university and have been taught and assessed
in English.

If you are a national of or have a obtained a higher education level qualification from a country on the UK Visas and
Immigration (UKVI) list of majority English speaking countries.

If you have been continuously employed in the UK for a minimum of five years immediately prior to the start of the course,
providing you are able to supply a reference from your current employer which explicitly confirms you are able to communicate
effectively in English.

By providing a satisfactory English test certificate that meets the requirement of the course you have applied for.



Part Time Journey

* Part-time students register for the course in September and are expected to complete
the course within 3 years.

* The Course Director discusses with each student to recommend the learning choices
most appropriate to the student’s background and career interest.

* The preferred path for part-time students is to complete modules 0,1,2,4 and one
additional taught module, and the group project during the first year.

* In the second year, the student completes the rest of the taught modules and the
Individual Research Project.

* For part-time students it is common that their individual project is undertaken in
collaboration with their place of work.

e Students who need to pace the study over three years agree with the Course Director an
appropriate learning path.



Cranfield

University Dr Ip-Shing Fan

Email: i.s.fan@cranfield.ac.uk
Cranfield IVHM Centre https://www.linkedin.com/in/ipshingfan/

@_!afllva

i fielduni
www.cranfield.ac.uk @oranfielduni
@cranfielduni

T: +44 (0)1234 750111 & Jcranfielduni






