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Introduction 4

« Can maintenance benefit from Digital Transition? why?

* What are the new technologies and tools with the greatest potential?

* How can this transformation process be orchestrated and realized?

* How to incorporate new emerging Asset Management platforms and systems?
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The Maintenance
Management

Framework Di g ita I
Models and Methods for M a i nte n a n Ce

Complex Systems Maintenance
* A strategic planning process. Management

) Guiding Digital Transf ion i
* The definition and control the data models for asset management, T
* Designing new and/or more efficient processes using data.
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It is a high-impact organizational challenge for the
company and a major technical challenge.

It requires:

@ Springer
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Three different types of asset management systems on the market: EAM, APM and AIP solutions.

Years

Plans and Triggers

r
—> 4--

Data ¢

Planning and Execution Horizon

- !
Days

Maintenance
Activities

source: Gartner
ID: 388410
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Data

T

Process and
Condition Data

» (Long-Term) Capital Plan

Data
(Future)

Alerts and
Notifications

EAM: Manage asset inventory, configuration and
maintenance execution.

APM: Reduce corrective maintenance, increase
availability and reduce the risk of failure
(especially when assets are critical); Increase the
organization's ability to comply with regulations
related to asset inspections and maintenance.

AIP: Improve long-term complex strategic and
tactical decisions related to CAPEX/OPEX budget
allocations and overall asset management
planning; Predict current and future asset
performance; Link expected performance to
different investment options over a predefined
medium- or long-term horizon.

4

.

Ol



ST,
OffAINTE
R

APM

~
PROJECT, DESAN
AND ™
MODIFICATIONS

EVALUATION OF

POSSIBLE
SOLUTIONS:
REINVESTMENT  fuumm

RENEWAL

EXTENSION

REDISGN

IDENTIFICATION
AND RESEARCH OF
THE IMPROVEMENT

OPPORTUNITY

CONFIGURATION ‘
CONTROL /

O&M STRATEGY
REVIEW
~\
ESTIMATION OF
RESOURCES IN
HOURS OF WORK
AND MATERIALS

RESOURCES
CONTROL

\
\
\

\ “'

INTEGRITY I\
N
/ = N (
Fd N |
/s ~
/ N W
/'l" S
/ PERRQRMANCE OF
WORK PRE VE AND
aussmrs\ CONTROL CORRECTIVEN(QRK
~
PLAN
CONTROL 3
(TOTEX) \ /
\ 7
\ ¥
\
\
\
\‘ DATA COLLECTION

A

HEALTHAND LI E
CYCLE COSTS O}

p =
o~

ASSETS REVIEW

PROGRAMS,
e —ECE SEQUENCING AND
Bl \WORK ASSIGNMENT
o REVIEW

EAM

THE 20™ INTERNATIONAL OPERATIONS & MAINTENANCE
CONFERENCE IN THE ARAB COUNTRIES

Key Asset Management areas and

new EAM, APM & AIP systems
(Crespo, DMM, 2022)
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The new intelligent

A new class of cloud computing services is born, providing a platform that
supports the development, execution and management of AM applications.

» Infrastructure as a Service (IaaS):
Lowest level that contains, among
other capabilities, operating systems,
networks and storage.

= Platform as a Service (PaaS): Middle
level and includes services related to
application development and
deployment.

= Software as a Service (SaaS): Top of
the pyramid and represents the
applications (Apps) for end users.

Software
as a Service

Platform
as a Service

Infrastructure
as a Service

Figure. IAMP Software pyramid
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External and
Internal context
—» analysis

for risk identification
(Criticality model)

Criticality assessment
_» for risk assessment
(Criticality Matrix)

Defined PM Policy
— for risk mitigation
(PM Plans Master)

Defined CM strategy
» for risk mitigation

Maintenance control
for risk control

—> (Maintenance KPIs
& Functional Ind.)

Asset cost, health and
performance control
for risk control
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(CM resources allocation)

(LCC & Health Monitoring)

Figure . A functional perspective of
the new digital framework for
Intelligent Asset Management
(Crespo, DMM, 2022).
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ETL Process I

3% 5%
4%
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What data scientists spend the most time doing

® Building training sets: 3%
® (Cleaning and organizing data: 60%
® (ollecting data sets; 19%
Mining data for patterns: 9%
® Refining algorithms: 4%
® Other: 5%

BIG DATA

loT Platforms provide health
monitoring and predictive analytics
data that must be stored and
processed differently,

Too large volume, with very high
velocity, high variability, low veracity
(high noise level) and are very diverse
data.

Big Data technologies provide
analytical functions that can facilitate
the collection and processing of data
with these characteristics.
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Simulation and ML A

Predictive Analytics
Models for:

o Anomalies detection,
o Fault diagnosis

o Remaining useful life
determination

0O O DO /oMaINTECCONS

Baseline
data

Baseline

Analytics
Health assessment
Anomaly detection

Fault Operational Work history
data data data

Diagnostic Prognostic
Analytics Analytics
Faulty component detection Remaining useful life

Risk assessment

11

20 VE




OMAINTE THE 20™ INTERNATIONAL OPERATIONS & MAINTENANCE
W CONFERENCE IN THE ARAB COUNTRIES

Business Intelligence

* Augmented reality (AR). New form of human-machine interaction that
superimposes computer-generated information (virtual data) on the real
environment (real objects).

 Business Intelligence and Data Visualization (Bl & DV) tools. Bl tools are a set of
technologies and processes that provide business metrics for their users; data
visualization (DV) processes allow information to be transmitted quickly, efficiently
and intuitively.

e Other complementary technologies. For example, the use of mobility systems
remains an important component in advancing asset management strategies and
optimizing field work.
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Technical Challenge:s

Xa(1)

Assets, by definition, have characteristics
of non-ergodicity.

What does this mean? Xp(1)

It is necessary to show that a given
process on several assets working in Xc(t)
parallel corresponds to studying the same
process throughout the life cycle of a
single asset.

Xp(t)

Otherwise, more models will be required
for the same assets.

Figure. Ergodicity for collaborative learning
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Technical Challenge

The curse of dimensionality.

This name is given to a phenomenon that appears in
Machine Learning models when algorithms must
learn from a large volume of features, with abundant
values within each one.

What does this mean?
* It complicates the generation of data-driven ML
models.

* It forces the development of digital twins based
on physical models.

0O O DO /oMaINTECCONS

B 1 Dimention:
10 Positions
&

2 Dimentions:
100 Positions
s

> 3 Dimention:
1000 Positions!

Figure. Dimensionality
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Technical Challe

Dynamlc rISk assessment ® ESTADO NIVEL BAJO ® ESTADO NIVEL MEDIO ESTADO NIVEL ALTO

ESTADO NORMAL ESTADO AVERIA

With high digitization, there is more information about
the operation and condition of assets. T
Linking this information to a reasonable measure of .
failure risk, and of the asset, becomes fundamental to

the maintenance decision-making process. ‘
What does this mean?

A more sophisticated form of dynamic

sophisticated way of dynamically assessing the risk of
failure and the escalation of that risk to the main system
under analysis is required.
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Technical Challen

Dynamic scheduling of maintenance activities.

The massive use of CBM generates a dynamic and highly
complex decision making.

Large amount of information available, with the number of
events and alarms, many of them interconnected.

The management of these complex scenarios becomes a
barrier to the practical implementation of CBM solutions
within PM plans.

What does it mean?

Facilitate the understanding of the information provided by
the solutions and connection with the maintenance action
scheduling processes, which include human participation.

OO OO /oMAaINTECCONS

Failure Mode 1:
Internal Axle
Bearing Damage

Event 5:
30.000 Km travelied
since event 1

Event 1: Event 2: Event 3: Event 4: Event 6:
Automatic Detection Automdtic Diagnosis PM inspection PM inspection by PM Replocement
First Positive EPT=10eC ~ Degradation True > 60%  for noise —on board Stethoscope

H i i i

! i i i

! i i H
" L) 1

Risk Status FM1

Failure Mode 2:
Wrong Axle
Conduction
Adjustment

Risk Status FM2

Maintenance
Decision-Making

Release: Event 3 is FM 1 Confirmed FM1 confirmed

*Kmin + counter  scheduled Event 4 scheduled Event6
*Clustering algor. scheduled

Y

Figure . Sequence of events for the execution of CBM maintenance tasks.
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Conclusions

* Digital Transformation is changing the way maintenance is managed.

* A non-trivial process, the sequence of implementation, the use of different tools
and technologies requires analysis and strategic planning.

* Manufacturers and asset users and managers must prepare for different possible
scenarios according to the digital configuration of the asset.

* Inthe new maintenance ecosystem, critical attention must be paid to the data
model, the ownership of data masters, the possibilities these masters offer for

management and the control of access to them.

* One of the biggest challenges will be to provide people with the right support and
training for better change management.
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Management

Guiding Digital Transformation in
Maintenance
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