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How we started

Our heritage is genuinely historic

 Formedin 1760 in Edward Lloyd’s coffee
house to examine and ‘classify’ merchant
ships according to their condition.

e We have over 250 years of global marine
history

* The world’s first ship classification society
and this remains our core activity today. Heritage an important
part of our culture

and forward-thinking
approach to our business

...and more than 100 years serving other
industries across society from energy and
food safety to power and manufacturing.



Making a real difference.

Critical infrastructure is vital to

Lloyd’s Register Foundation

m Od e n SOCi ety° Registered charity — 100% shareholder of Lloyd’s Register Group Ltd
Lloyd’s Register Foundation is an e T
independent global charity that helps

to protect life and property at sea, on Lloyd’s Register Group Limited

land, and in the air.

To do this, we support education, m %
engineering-related research, public [ o e
engagement, and promote scientific OARINE ENERGY  WAANAGEMENT
excellence. T




Supporting global excellence

“ Total grants portfolio (July 2018)

85 Active grants
(8 GEI
29 Countries 05 i
0 P 2 g
A @
260 Publications by our grants community
2016
%
2.64m People engaged through our grants
programme in 2016 : ©

4,525 Printed and digital copies of our Foresight
Review distributed in 16/17 International reach of Foundation grants



Did you know?

Blockchain Labs.

Exploring how these technologies can
transform the assurance and safety of
shipping’s critical infrastructure, and drive
new business models.




Did you know?

Safety Accelerator.

Bringing together start-ups and industry to
work together to test innovative digital
solutions to the world's toughest safety
and risk challenges.




Did you know?
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MX3D bridge.

World’s first 3D printed bridge becomes a
‘living laboratory’ for research with a vast
sensor network.




Did you know?

HilLo.

A predictive mathematical model using data
to identify risk patterns to avoid major
marine casualties.




Autonomous shipping.

Joint Foundation and University of York
£12m partnership programme
announced, looking at the safety of
robotics and autonomous systems (RAS).
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The Industry 4.0, revolution

we stand on the brink of o technological revolution that will fundamentally alter the way we live, work, and relate to one another. In
its scale, scope, and complexity, the transformation will be unlike anything humankind has expenenced before.

\f“é«\ 1Y '&d‘ ™~

e
-“‘-" -

4 e -
X - L2 ;
- -
; P
1870 1969 Today
Electricity Electronics COoud
Mass Production Automated loT
Production Production Dagital

The First Industrial Revolution used water and steam power to mechanize production. The Second used electric power (o creatle mass
production. The Third used electronics ond information technology to outomate production. Now a Fourth Industrial Revolution is
building on the Third, the digital revolution that has been occurring since the middie of the last century. it is charocterized by a fusion
of technologies that is blurring the lines between the physical, digital, and biological s pheres.

- Klaus Schwvab. Founder & Executive Chairman, World Economic Forum
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Periodic, Discrete, Time Based is being Disrupted

Ship Intelligence
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Periodic, Discrete, Time Based is being Disrupted
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Periodic, Discrete, Time Based is being Disrupted

Cummins Connected Diagnostics
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Periodic, Discrete, Time Based is being Disrupted

Kongsberg Predictive Maintenance
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Maintenance Technology History
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@ Reactive o
O | Maintenance Reliability
% L Centred
c Periodic, Maintenance . .
e Preventive Digital Health
b
= Maintenance Risk Based Condition Management
g Inspection Monitoring Fault Detection
— RBMI Diagnostics
o Prognostics
"5 RCM 1960's - today -
8 1800's - today 1940's - today RBI 1990's - today | 1970's - today Late 1990s - today AdOptIOI‘I
Understanding failure Processing real-time data to Period
from past data varying levels of knowledge
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Reactive Maintenance

Entire Life of the asset is consumed. However consequences are unpredictable and can be disastrous

., KT, -
~~-+ BOILER EXPLOSTION AT BEAVER MILLS, KEENE, N. H., MAY 22, 1603, »= -

Source: Alamy, Boiler Explosion Beaver Mills

Lloyd's Register

Source: St. Mary’s Hospital Accident Investigation
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Calendar Based, Preventive Maintenance

. . . ATLAS COPCO
o Planned Maintenance Routines are typically COMPRESSED AIR MANUAL

built up from Original Equipment
Manufacturer (OEM) recommendations in
isolation from the specific application or
asset.

o Little justification for maintenance interval
and typically resistance to change without a
good justification

e Maintenance burden typically remains OPERATOR'S MANUAL
constant over asset life despite changing SN
production or use of the application and/or AT
economic circumstances Maintenance Manual

VARINERADAR ™™ ooy unie At e
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Reliability Centred Maintenance(RCM)

o RCM is a methodology that answers the following questions to determine an appropriate
maintenance regime...

1. What is the item supposed to do and its associated performance standards?
2. In what ways can it fail to provide the required functions?

3. What are the events that cause each failure?

4, What happens when each failure occurs?

5. In what way does each failure matter?

6. What systematic task can be performed proactively to prevent, or to diminish to a satisfactory
degree, the consequences of the failure?

7. What must be done if a suitable preventive task cannot be found?

Lloyd's Register
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Risk Based Inspection (RBI), Risk Based Mechanical Inspection (RBMI)

Maintenance determined by

knowledge of the asset (design,

functionality, operation) and past RBI Process
asset failure modes

(consequence, occurrence).

expertise, time spent) and information assessment

Resource intensive (level of Data and Risk
|:> Risk ranking
collection process

requires continued commitment

to update the initial resultsi.e. a

feedback loop to determine if the
inspection, maintenance

processes are effective. Mitigation
Reassessment

e

_ Inspection Plan
(if any)

Lloyd's Register 21



Condition Monitoring - Individualised, Periodic Insights

Condition Monitonng Technologies

Omi-lime
iraineters

?‘m1|.1T1 W
Cumrent Performance

Monitormg

Thennography

Source: NI CM Article

Lloyd's Register

Prewsure

Monitoring uses real-time
data. The SME collects and
process the data to generate
the periodic “Condition
Monitoring Report”. The
better the knowledge and
experience of the SME - the
higher the value of the
information

22



Evolution of Condition Monitoring

1970s 1980s 1990s

Exceedance recording —— Damage accumulation sl Digital Fuel Controls
Remaining Useful Life
Temp, RPM, Vibes (post flight calculation)

Temp, RPM, Throttle position

Goal: reduce uncertainty and
retain conservatism in
estimating component life limit

Method: rainflow cycle
counting, limits monitoring

|

Engine data collection ey Fault Detection —_— Prognosis — time to failure,
and Isolation {Diagnosis) recommended
Condition Monitorirlg maintenance action

Goal: Extend time between
10002000, overhauls by automatically
detecting incipient failures in
real time with embedded
sensors

Source: ADS 79E HDBK Method: vibration monitoring,
oil debris detection,
performance trending

Lloyd's Register

Realtime signa
processing

CBM Database
and real ume
Monitoring

PDA access Fallure
Data from anytime and
anywhere

1
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Sensing Technniques

Age of Analytics - Advancement of Diagnostics & Arrival of

[ ]
Prognostics
Physics of Failure Techniques Machine Learning Techniques

Diagnostic Knowledge-based Data-driven
:::iatl:-rln Rule- | Causal | First || Statis- | Case- || Neural | Classifi- | Random | Logistic | Support
techni ueg based fault prin- tical based ||network | cation | forest | regres- | wector

q ciple meth- | reason- trees sion ma-

ods ing chines

Vibration M D P M D — — -
Thermography M —_ — M - - P - —
Oil analysis M P — M D - D D D
Process
parsmeters M - D M M M M M M M
Performance M - D M M M M M M M
Acoustic
emission - o - - - . ¢ 0 . o
Acouslio M - - M - D - D - -
monitoring
Elec!ﬂclal M . o " . D . . . .
monitoring
M: Mature and commonly applied in industrial applications.
D: Under development and some initial applications.
P: Promising and potential.

Source: 1ISO 13379-1 published 2012

1ISO 13379-1 showing Sensing
Techniques and Analytics

Today sensing, connectivity,
computing and Ul/UX
hardware are more
sophisticated and affordable
than ever.

Furthermore the increasing
use of algorithms - both
physics based and data
driven has grown
exponentially.



Health, Useful Life

Digital Health Management (DHM) Technology

Digital Twins are fundamental to DHM

Fault Detection and
Diagnostics

~ Mitigation of Stressors,
. \transients prolonging

Adverse stressors, \ ~, useful life

accelerating useful life \
consumption




Digital Twins are fundamental to DHM

Sensor Data State Detection

Sensor

Conditioning
. adjusting for drift

“signal
eonditioning

Fusion and weighting
of Model Based and
Data Driven
Technigues based on
multiple data

Features

Aggrﬁjga_ted First Physics of Failure f
prmc—lples, [multi-physics) > O
empirical, Based Technigues
simulation models f
T Synchronised,
FMECA, FTA, ETA, Histaorical,
first principles Operational, Machine Learning Diagnostics, Prognostics
derived failure | Maintenance, Techniques
modes T Failure Data 3

Simulated Failure
Moadels

Results Management



Roadmap to Systems Effectiveness & Maintenance Optimisation

Maintenance

Strategy based on
existing AMOS or
equivalent data

Apply Condition | Take Advantage of Take Advantage of

Based your investment. your investment.

Maintenance (LR's MCBM-CBM
& Digital Maintain
Descriptive Notes)

LR Digital Compliance

Framework

RCM Applied

7

Optimize Rout.ir.|e CBM Class Approval pijgital Health
I?lanned Condition of Maintenance Management
Maintenance Monitoring Scheme



Why Digital Health .
Management?




DHM Drives Business Results (Aviation)

_ ] ] ADELTA
Predictive Benefits TechOps

~1000 potential delays, cancellations, ODI’s Mitigated in past 12 months!

Delta TechOps Develops
Innovative Structural
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DHM Drives Business Results (Power Generation)

Cost of Maintenance
EPRI Power Generation Study (Modified)

18
16
o 14
o 12
*-E 10 65% Maintenance saving
E 8 comparing calendar based
“ b maintenance with DHM
4
2
0
Prioritised Corrective
. P ad RIF PM_ PdM PCM ~———— Maintenance (DHM enabled
Run to Failure Typne?ﬂ%mntenonce Programs maintenance)
(Corrective Maintenance)
Source: EPRI with LR annotations

Preventive Maintenance Predictive Maintenance (Electric Power Research Institute)

Lloyd's Register (Calendar based maintenance) (Fault Detection, Diagnostics, Prognostics) i



DHM (and Autonomy too!) Disrupted the Space Industry

Autonomy and DHM (i.e. reusable rockets) are the two biggest reasons why Space X and their contemporaries
can launch assets into space 80% cheaper than United Launch Alliance and other incumbents.
Space X Falcon 9

Cost per kg of different vehicles

20000

—
o
—
o
o
.
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o
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DHM Benefits a Spectrum of Maritime Stakeholders

Maintenance engineers and Chief Engineer
« Opportunistic maintenance

« Maximise uptime

« Minimise unnecessary maintenance

Vessel Superintendent
« Spares Positioning
« Reduced Spares Count
« Logistics Efficiency

Flag Administration

« Increase Asset Safety
« Eliminate Catastrophic Failures

Lloyd's Register

Manufacturers, Shipyards,Service Providers

« Re-defining and exceeding customer expectations
« ”As a service” business models

« Through-life monetisation of asset activities.

Shipping Company Managing/Technical Director
* Best Lifecycle Cost

« Business Planning

« Maximising Capability

Insurers

« Enhancement of actuarial science,
accurate pricing of risks

« Objective evidence for claims

« Better management of insurance premiums

32



LR Digital Compliance Framework

Cyber-enabled ships
Deploying Information and communications echnology

In shipping — Lioyd's Reglster's approach to asssrance
Firet weitien, Fubeuary 1096

LQ Lioyd's Working together
. Register

For a safer world

ShipRight

Design and Construction

R ShipRight

Design and Construction ent cyber descriptive

Digital Compliance
cess ships

Lloyd's Regi Type App | Sy
Type Approval Requirements for components within Cyber Enabled
Systems on board Ships

Procedure for Network and Network-related devices

Digital Ships

September 2017

Procedure for the Approval of Digital Health
Management Systems

Procedure for assignment of digital descripti September 2018

notes for autonomous and remote access

September 2018

Working together
for a safer world

Lloyd's
Register
; Working together
Uoyds for a safer world 33
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Digital Compliance in Wider Context of LR Rules

Digital Compliance
Framework

Digital Twin READY
Digital Twin APPROVED

Digital Twin COMMISSIONED

\_

Digital Twin LIVE

LR Rules

s N\ )
Cyber Resiliency
Security Digital Ships
(ShipRight) (ShipRight)
\_ J U J
N [ N ( A
Software
Conformity
Assessment Type
Approval
+ Modules
) J J




Digital Class/ Digital Compliance Framework - 4 Approval Levels

Supporting Requirements LR Approval Level

Digital Twin
READY

DHM Provider approved

Digital TWin Asset specificdigital twin

developed and approved

APPROVED at DHM Provider

The DHM Provider

. - .. . Asset specificdigital twin
Dlgltal DHM system integrated Dlgltal Twin approved and

Maintain* with vessels systems COMMISSIONED commissioned at The

DHM Operator

ShiPRight Approval for a flexible Digital Twin Digital twin function and

Digital Class MPMS maintenance regime LIVE performance

demonstrated over time

S
o
e
(11
| =
@D
j =N
o
p—
b
o
@
i
l—

Lloyd's Register *Lloyd’s Register Digital Ships ShipRight Procedure 35



TWIN
» TWIN READY TWIN APPROVED TWIN COMMISSIONED IV )

“Trust the individual Twin
v Achieve confidence in the performance of each digital twin

v Improve the performance of each digital twin through validation




Thank you

Please contact:
Emmanuel Vergetis,
Senior Consultant, Marine & Offshore South Europe

Lloyd’s Register Marine & Offshore

T:+302104580841 E:emmanuel.vergetis@lr.org
Hellenic Lloyd’s S.A., 87 Akti Miaouli, 185 38, Piraeus, Greece

Lloyd's Register
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