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Process Industry

Paper and Pulp Industry
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Asset Lifecycle Management

Product Lifecycle Management

l )\ \ \ J
| | | |

Evaluate decision

Examine options. Ensure quality, health, safety, responsiveness, Engage stakeholders, plan
design options dependability and execute disposal,
to meet Manage _ recycling or _
business procurement/con  Manage Performance Indicators such as Total remanufacturing
requirements  struction/installat Cost of Ownership (TCO) and Overall

ion Equipment Effectiveness (OEE), via adequate

asset and maintenance strategies
implementation & monitoring

Manage operational costs

- Constantly evaluate current effectiveness
| against costs of investment in upgrades
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The Asset Lifecycle Management ‘Ecosystem’

Engineering Objects Lifecycle

LAN, WLAN, WPAN

Computer - Aided Product Lifecycle Management Systems (CAPLMS)

CAD/CAE/CAM ERP MES

v

]

Assembly Installation User Maintenance Inspection Registry Record Contract Workplan Disposal
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Show me the money: Asset Lifecycle Costing

Acquisition costs

= ~ .. Construction
. -
Operation _.- T~
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e Maintenance costs ~

Training

costs - L
- RS Logistics
— - - agw \
Reliability ‘*...N costs
costs ~
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Asset Lifecycle Costing

le——— CAPEX N
Capital Costs
Developmen Investment
.._msﬁ_.j costs o
Acquisition
.A Non Reliability Costs = Risk
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Is this motivating enough ?

A
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Engineering Asset Lifecycle
Management

Lifecycle Information Processing
(ICT)

Reliability, Quality & Safety —
Centered Lifecycle Costing &
Management
Lifecycle Engineering
(BOL, MOL, EOL)
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Outline

Engineering Asset Lifecycle Management

Enabling Technologies

Advanced e-Maintenance Services
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Key Enabling ICT Technologies

Web-based
and semantic
maintenance

Wireless Mobile and
sensing and | situated
identification computing
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TODAY

Condition Based Maintenance
~15%

Scheduled

Maintenance #3595
e % ==
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Unplanned

Maintenance ~30%
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Challenges in EALM
and e-Maintenance

e—-Maintenance makes related services and information
ubiquitously available

Facilitates seamless integration of data, services & actors

Empowers enterprises to design, plan, execute and re-
align their asset management activities

Sustainability Efficiency assessed by KPlIs

Continuous measurement of operational and other data
(Accuracy ? Timeliness ? Integrity ? Reliability ?)

Maintaining asset condition, while meeting requirements
is a fine balancing act with complex decision-making.
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Web-based and semantic
maintenance

Web-based maintenance changes the way

maintenance ICT is employed:

. interconnects assets, devices and actors

- maintenance-support ‘software creation’ at the
request of a user, device or event

- flow of maintenance-related services / not isolated SW

- distributed maintenance processes executed, right
next to where maintenance activities take place.

A

EpeuvnTikd Kévtpo ABnvd
Athena Research Center




Asset Lifecycle Data Management

Recording, processing and delivering data and orders
providing decision support, via adequate HCI support
- Asset registry
- Low level controls & data
- Lifecycle asset data
- Asset operating state data
> Product or asset BOM (Bill of materials) data
- History records (tasks, operating & loading conditions, readings)
- Spare parts management
- Maintenance tasks management
- Human resources management
> Orders management
> Invoicing
- Key Performance Indicators (KPIs)

A
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Maintenance Services Data Integration

MIMOSA

» Non profit organization for the adoption of open
standards for Maintenance & Engineering Asset
Management

An Operations and Maintenance Information Open
System Alliance

A

EpeuvnTikO Kévtpo ABnvad
Athena Research Center




3e Technologies International, Inc.
ABB Automation

Agile Engineering Systems

Ahmed Elkhatib, Professor, Alexandria
University

American Management Systems, Inc.
Andrew Ball, Maintenance Engineering,
University of Manchester

AOC, Inc.

Aspen Technology

Assetricity, LLC

Association VAST, Ltd

Bently

Boeing Company

Bond Consultants

BP Refining

Bruel & Kjeer Vibro

Cargill, Inc.

Citect Corporation

Clockwork Solutions

Control Point Corp.

CRC for Integrated Engineering Asset
Management

Design Maintenance Systems, Inc.
ESRG, LLC

Foster-Miller Technologies, Inc.
Helsinki University of Technology
Honeywell

IDAX, Inc.

IDmicro, Inc.

-
ENGIMNEERIM
CORPORATION

&
I. EMERSON.
=]

r tatid
INDU S

Impact Technologies, LLC

Indra Systems

Invensys Systems Inc.

lvara Corporation

Lloyd's Register of Shipping

Matrikon

MIMOSA Default

Modius, Inc.

MRO Software

Mtelligence Corporation

National Aeronautics and Space
Administration (NASA)

Northrop Grumman Newport News
Oceana Sensor Technologies, Inc.
Open Roads Consulting

OSISof

Pacific Northwest National Laboratory
PdMA, Inc.

Penn State University Applied Research
Laboratory

Priftechnik Condition Monitoring GmbH
& Co. KG

Qualtech Systems

Richard M. Greenough, Mechanical
Engineering, Cranfield University
RLW, Inc.

Scientific Monitoring, Inc.

Siemens AG

SKF Reliability Systems

SmartSignal Corporation

B

"Mrelligence

SPEC Corporation

Synergen

Teedro Limited

The PCB Group Companies

Timken Company

US Army Product Manager, Test,
Measurement & Diagnostic Equipment
US Navy Total Open Ship Architecture
Implementation Program Team
Vassilis Syrmos, Electrical Engineering,
University of Hawaii-Manoa

Vibration Specialty Corporation

Virtual Convergence

Westar Aerospace & Defense Group
Wojciech Cholewa, Mechanical
Engineering, Silesian Technical Univer:
XtraOpen, LLC

Yamatake Corporation

Yokogawa Electric Corporation
Zeefax, Inc.




Compliant SOA
Application Definitions

Compliant Application
Service Definitions

XML Content Definition

CRIS Reference Data Library MetaData Taxonomy

Implementation Model

OSA-EAI Common Conceptual Object Model (CCOM) Conceptual Model

i OSA-EAI Terminology Dictionary Semantic Definitions

VMAL ’!"“4
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Before MIMOSA:
Isolated ‘Islands’ of Information

» Task-specific islands of information
» Each island adopting a ‘native’ language’
» Hard to integrate




il

To data integration

Control Systems,
Operational Data
Historians, & HMIs

Oper ational
Forecasting, Planning,
& Scheduling Systems

Order/Mission Mgmt.,

Raw Material Mgmt.,

Personnel, & Financial
Systems (ERP)

OPC DA, O&E, HDA

ISA SP95 & B2MML

OAGI

MIMOSA OSA-EAI MIMOSA OSA-EATI

MIMOSA OSA-EAI MIMOSA OSA-EAI

Periodic & On-line
Condition Monitoring
Systems

Diagnostic/Prognostic
Asset Health Systems

Enterprise Asset Asset Capability
Management (EAM) Forecasting
Systems[Asset Registry & Asset Optimization
& Maint. Work Mgmt.] DSS

Athena Research Center [ 0P Y ight 2005 MIMOSA

1996




Semantic data modelling

PROPERTY

» MIMOSA covers issues related to
data acquisition, condition
monitoring, diagnosis, prognosis
and management of maintenance
work orders.

» Size of a fully-MIMOSA compliant
database too complex

» Semantic data modelling by means
of domain-specific asset
management ontologies

» Employing asset management
ontologies can facilitate data
interoperability, knowledge
processing & re-use and
maintenance services delivery
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Mobile & Situated Computing
Typical Architecture

Client Device Wireless Networking Server / Services Data Tier

N\ N\ N

( ) Web-services
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Local o server(s) \j @ @
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Localization Techniques

Direct: GPS, Wi-Fi

Indirect: RFID, IrDA, Barcode, Bluetooth, Image Recognition, Usor Activated
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Adaptive Service Systems

op Floor Monitoring Infrastructure
(Industrial Plant) (Wireless Sensor Network, RFID Tags)

» A service request
context is influenced by:

- location awareness
> time of the request

- user profile / level of
authorisation

- device profile

° usage scenario

> monitored machinery
> networking conditions

A

EpeuvnTikd Kévtpo ABnvd
Athena Research Center




Wireless sensing & identification

» Wireless sensing enables flexible condition
monitoring to be implemented

» Auto-identification assigns context to service
requests (localisation, asset identification,

asset history record)

» The combination of wireless sensing and
auto-identifications facilitates wireless asset
monitoring to be implemented (enables

mobile audits too!)
N
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Wireless sensing and self-identification

Wireless Sensor Network

Reader Data Collection Web Services

. Sewerﬁew&r
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._Q‘ Instrumentation , »
V o ) Technician
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Wireless Sensor Networks
Sensor Module Hardware Architecture

Wide scope of  Singunit ) [ rocossina Unit ( RFUnt )
) — rocessing Unit |
highly capable SR /
Sensor circuits
i 3 8
< S
Up to 32 bit CPU Efficiently integrating
. RF, Bluetooth, WiFi
i — modules
/[/ Power U@ ]
Several MB of Flash
Power-saving modes memory or even
and energy Addic  external modules
harvest”’]g C|rCU|tS n Localisation ) see k Actuators J
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Wir eless Sensor Microcontroller | Memory Capacit Wireless Operating APl /
Module y L-apacity Connection System Middleware
I —
Crossbow ATmegal281 8KB SRAM (IRIS), 2.4 GHz |EEE TinyOS Based, MoteWorks /
(IRIS / MICAZ) 8-bit S12K (Ser.)FLASH, 802.15.47 Contiki (IRIS) TinyOS Nesc
128K (Prog.)FLASH, [ ZigBee compliant

MoteWorks /

Crossbow Intel PXA271 256KB SRAM, 2.4 GHz [EEE | 10003, Linuxand|  TinyOS Nesc,
(Imote2) 32-bit 32MB FLASH, 802.15.4/ SOS Microsoft .NET

32MB SDRAM ZigBee compliant ; '
Micro Framework
Sun ARM920T 512KB RAM, 2.4 GHz IEEE Java Squawk Java APIs
(SunSPOTS) 32-bit 4MB FLASH 802.15.4 g
PrismaSense MSP430 10KB RAM, ZgoGzHlZSEEE 1SOS Microsoft .NET
S i 5. S ;
(Quax MS-Pro) 16-bit 40KB FLASH ZigBee compliant Micro Framewor|
10KB RAM, 2.4 GHz IEEE -
Shimmer VS0 48 KB FLASH, 802.15.4 and TinyOS Tinyes fesc/
Micro SD Bluetooth
Crossbow Sun Prisma Shimmer-Resear ch

=

Lo~
SunSPOTs

MICAz | mote2

Quax MS-Pro SHIMMER Sensor
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WSN Middleware

» data-centric
mechanisms for data
processing and
qgquerying within the
network
- process data locally

- As many nodes as needed !

- As little processing per
node as necessary !

- As little to transmit as
possible

A
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Asset self-identification technology

» a key enabler of context-adaptive data and
services '

TrZ0n

» asset identification to tailor data and services to
it (contextualized information mediation)

-

» self-identification technology includes:
- Barcodes - Static information carriers

> Image tags - Depend on camera image recognition
capabilities
- emerged as the practical way of linking physical assets 22000006200

with enterprise information systems
without the need for line-of-sight
can store limited information locally

facilitate on-site information and data storage and ?
retrieval, particularly relevant for asset and maintenance
management. oy

A
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Linking RFIDs with WSN

» Intel’s WISP platform
(http:/ /www.seattle.intel-research.net/wisp).

» supports energy efficiency (self-powering
technologies/energy harvesting)

» In _the_: future: print your own tags (like inkjet
| printing)
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ICT and OT

» Operational Technology (OT) rapidly
converges with ICT

» OT comprises:

> Sensors, measurement devices and setups,
activators, as well as other devices and software
employed for monitoring engineering assets and
production systems

A
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e-Business

e-Commerce Service Chain Supply Chain
Management Management

-
e

R R B -

e-Maintenance ¢ \ ( 3

Remote Health
Processes Asset Management Management

" o . o

[ Spare Parts ] Simulation & Decision Making

TseesssSsSsEESSESS --'

Management Optimization & Planning
. . . r
seemececescsccnccaacnoaaa. E ......................... .
L] - r - ]
+ e-Maintenance _ ] _ '
' Operations Fault Diagnosis Prognostics '
: " o e > :
: , e \
i . Planning 4
1 [ ]
| Fault Detection Execution ;
] L y J [ ]
\ H

Machine Sensors Controllers Activators
Layer
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IT & OT convergence

» Where does ICT end ? Where does OT start ?
» Dare you ask the CIO and the CTO ?




Outline

Engineering Asset Lifecycle Management

Enabling Technologies

Advanced e-Maintenance Services
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Advanced Engineering Asset
Management Services

Maintenance Documentation

Predictive Health Management —-> Planning

Performance Assessment

Training & Knowledge Management




Asset Documentation

» Important part of asset management

» It involves the management of
o procurement
> Installation
- operational phase information
> technical documents

» What information ?
> technical data
o operation manuals
> maintenance manuals
o part lists
o asset register
- work orders
> history records
> scheduling information
- work, inspection and repair instructions
> contracts.

» ubiquitous availability of maintenance documentation

A

!
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Asset Documentation

- e i » augmented reality support with head-
== ssitanee? mounted displays.
kX =z~ » multi-modal & natural interfaces

» users are mobile actors, provided by
contextually-relevant documentation.

% » information retrieved by central
" repository or embedded in an RFID-

TASK: Replace i\t- tar Motor
aja s al i In »-:aI

c._-l

TﬁRT'ER
MOUNT
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Maintenance Management

Ref: EN 13306:2001

Fallure Time between failures Failure
Before a detected fault Maintenance After a detected fault
|
v v
Preventive Maintenance Corrective Maintenance

Condition
Based

Predetermined

\EEElles

Maintenance l l

Scheduled

i Scheduled,
. continuous or
i on request

Deferred Immediate




Predictive Health Management
Steps

Sensing

- Monitoring
entities

- Monitored
parameters

-Sensor
Definition
-Commissioning
-Set up

-DAQ

Data
processing

-Conditioning
- Feature
extraction

- Feature
selection
-Data
management
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Detection

-Novelty
detection
-Modelling
normal
behaviour

- Deviation from
normal
behaviour

- History data
processing

Diagnosis

- History data

processing

-ldentification of

faults and their
causes

- Fault modeling
-Association of

data / state to
known
conditions

- Confidence

levels

Prognosis

- History data
- Future

machinery
usage
estimation

-Estimation of

future fault
progression

-Residual life

modeling

-Estimation of

remaining life to
failure

-Confidengg

level

Results

-Post mortems

-Maintenance
planning aid
-Feedback for BOL
(Machinery usage
recommendations,
maintenance
recommendations,
machinery design
recommendations)




Predictive Health Monitoring

Physical Networking IT/OT Maintenance Computational
Assets Knowledge Model

ub-system ,

, ) ub-system class ub-system-leve
SFCS, Novelty Detection
Desktop/Server Diagnostics
Prognostics

P , P g
PAN/WPAN Actuators, Fault modes Novelty Detection
Controllers, DAQ, Fault mechanisms Diagnostics
RFID, PDA Fault severity Fault modelling
Fault criticality Prognostics

Asset relations
Fault symptoms
Fault features

. Measurement characteristics

l

.
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Anomaly Detection

» What is anomaly detection (novelty detection, fault
detection) ?

Wikipedia:

» An anomaly is any occurrence or object that is strange,
unusual, or unique. It can also mean a discrepancy or
deviation from an established rule or trend.

» In computer science, anomaly detection refers to the
process of detecting anomalies from the relevant data.

» In Asset Lifecycle Management, Anomaly detection is the
first level of Predictive Health Monitoring

A

EpeuvnTikO Kévtpo ABnvad
Athena Research Center




Diagnosis

» Assignment of current condition to one or more
known conditions, on the basis of

(0]

evidence (e.g. sensor readings, trending)
history record (e.g. maintenance record, fault history)

coded knowledge (e.g. Asset Category, Fault Tree,
FMEA, etc)

human expert knowledge (expert decision)

o

(0]

o

» In Asset Lifecycle Management, Diagnosis is the
second level of Predictive Health Monitoring
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Prognosis

» Estimation / prediction of how the asset
condition will evolve over time, given

current condition estimate

candidate future ‘loading’ conditions
candidate future operating condition
candidate future maintenance actions

(0]

o

(0]

o

» In Asset Lifecycle Management, Prognosis is
the third level of Predictive Health Monitoring

A
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Challenges for Prognostics

Dissimilar components suffer from diverse kinds of failures with
different patterns of fault progression

Unfortunately in the case of rotating machinery having tribological
contacts between surfaces, often separated or partially separated by a
lubricant, the situation is much more complex: the wear of surfaces
usually follows an exponentially increasing model.

- Wear introduces changes to surfaces that can increase the loading, make
surfaces weaker introducing particles between the surfaces which then cause
accelerated wear.
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Results: Asset Management Planning

On the basis of the current and projected asset
condition, more informed choices can be made

for Asset Management Planning, taking also into
consideration:

- Suppliers - Customers
- Market data (e.g. parts / products prices, etc)

- Own strategy (e.g. Setting availability / dependability
targets, adjusting production, operation & maintenanace)

- Technical, health & safety, leagal and normative constratnts

A
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Performance Assessment

Overall

Equipment
Effectiveness » e-Maintenance
empowers personnel
to engage in a Total
Productive
Maintenance (TPM)
strategy, facilitating

Ass.e.t ' Alealin data collection, upon
SO Safety which to base
performance
assessment
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Where can Computational
Intelligence Help?

Numerical processing and sensor data

Associating symptoms with machine condition via fuzzy IF-THEN rules -

Height (crm)

-integration of numerical data and expert knowledge
-modelling uncertainty

Efficient searches in large spaces via simulated natural evolution

-Searches in model spaces (constructive algorithms: defining model complexity and
topology)
-Searches in parameter spaces (optimisation)

-Searches in large feature spaces for best feature subsets

A
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Computational Intelligence in
Condition Monitoring

Neural networks & statistical learning

- data-driven diagnostic modelling
- time series models (NARMAX)

- associations between signal features and machine or component condition
- perform fuzzy classification

- apart from cases of catastrophic failure, the occurrence of a fault is a gradual
process

- integrate heuristic or expert rules with data-derived rules

Fuzzy inference: flexible processing of knowledge contained in the rule bases
& tuning of rule base based on data (fusion of knowledge + data)
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Computational Intelligence in
Condition Monitoring

> Evolutionary algorithms can have exploratory role :

- among a large number of features , which are potential
indicators of faults, find the most representative ones

- search for adequate neural network topologies
- aid the fuzzy system construction procedure

- Use Hybrid techniques to take advantage of
individual merits of different signal processing and
computational intelligence approaches

A
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Would this
worl ?

I
®
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Condition Monitoring

» How to associate the readings from monitored
machinery with the operating condition ?

- Different techniques are appropriate for assessing the
operating state of diverse engineering assets.

- The combination of monitoring techniques may provide
additional insight into the asset condition.

» But:

- Different conditi_on_s manif_est themselves in dissimilar
ways, even for similar equipment

» Linking measurements to the machinery
condition requires tailoring the detection,
diagnosis and prognosis to each individual case




The learning steps

Initial data acquisition to capture a basic normal operating state.

Any deviation can be flagged out by a novelty detection mechanism

Readings from unknown states are assigned to known conditions

Conditions identified by the Failure Mode and Effects Analysis (FMEA)

New readings included in the empirical diagnostic model

the model expands its applicability to  Any detection/diagnosis technique can
previously unknown states be employed in this context
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Bearings

Belts

Blowers/Fans

Boilers/Heat Exchangers

Vibration Analysis

Noise Analysis

Acoustic Emission

On-line Debris Monitoring

Debris Analysis

On-line Oil Cond.

Monitoring

Oil Condition Analysis

Water in Oil Detection

Electric Motor
Insulation/Winding

Monitoring

Brazing/Welding Equipment

Casting/Forging Machines

Compressors/Pneumatic Drives

Couplings

Guillotines/Cutting Machines

Earthmoving/Excavating Plant

Electric Motors/Generators

Elevators/Hoppers/Conveyers

Escalators

Filters/Separators/Valves

Gearboxes

Vacuum Equipment

Incinerators/Furnaces/Autoclaves

Internal Combustion Engine

Loader/Stackers

Machine Tools Mechanical

Machine Tools Hydraulic

Pressure Vessels/Accumulators

Pumps

Structures/Rigging

Optical Detection Systems

Optical Alignment Systems

On-line Pressure Monitoring

On-line Temperature

Monitoring

Thermal Imaging

Stress/Strain Analysis

Erosion/Corrosion

Monitoring

Performance Monitoring

Orifice Restriction

Monitoring

Transformers

Turbines/Aero Engines

Wire/Cable Making

Winding/Lifting Machinery
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What do you make of it ?
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Feature Selection

Congratulations,\ ¢
it an!_., took you |
65299 seconds
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Evolutionary Multi-Objective
Feature Selection for Diagnosis

Initialise Parent Population; uniform distribution
for all features and for the subset cardinalities

Y

v
‘ Produce Offspring Population with SSOCF crossover and mutation ‘

Evaluate Offspring Population; Update Archive Set; Create empty Mating
Pool; Extract Elite Set and Copy it to Mating Pool; Update population size.

Parents
v
(fol1]rfofof1[1[1]olof1]1] [*[*[1[*[o[*[*[*[*]o]o[1]"]
Form Tour and Domii Tour ing Sampling Groups (TG, DTSG)
Randomly select g ':'o:;rrf-rzer:)t ?rgu1p g
[T [A]e[o[[o[o[o[o[0[]0] = [T TAAIAALTITA | | Someroeen, o’ e
1013...310011‘ form a Aol $-ClAlo Al
o[t 59 [o[1]o[1]o Tournament
Aol e e, Group
PR . f Dominance Tournament
Randomly select Sampling Group
individuals to -9 [oJo]o[1]1]
form a -+§ [0[1] _g
. Dominance P f
OffS p rin g Tournament . .
Sampling Group
Chromosome ¢ o2

Chromosome ¢ o1

[1Jo[1]1]01Jo1]1]0]0]1]1] [o[1]1]o]0]o]1]o]o]00[1]0]
the TG is not- N the TG are Yes»! individual with

dominated by the dominated by the the smallest

niche count

DTSG

Yes DTSG .
to the Mating

Pool

W £N

Among the non-dominated individuals, copy the one with the
smallest niche count to the Mating Pool

Copy the non -
dominated v
individual to the >0«
Mating Pool A 4
Mating Pool (Parent

Population) Full?

; Yes
Termination No Update
Mutation Rate

Criterion
Fulfilled

Yes

STOP
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Diagnostic Tools

Material Class

%>>>>>MHL“L

2

N

Type of Cut

B8
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Tool Life
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Other examples of Intelligence in

Asset Lifecycle Management

» BOL

- Exploit History, Lifecycle and Knowledge data for
- Intelligent retrieval (e.g. for design components)
- Multi-criteria intelligent design optimisation (e.g. to support

sustainability)

- Improve / correct design
- Modelling of Lifecycle performance to come up with

- different design options
- service chain alternatives
- warranty policy recommendations

- Mining for data and knowledge in distributed repositories

(knowledge extraction, transfer, exploitation, synthesis)

- Deliver adaptive on-site knowledge support and training

A

@
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Analytical Hierarchy Process

Evaluation

Evolutionay multiobjective
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Other examples of Intelligence in
Asset Lifecycle Management

» MOL

- Embed asset identification & history keeping capabilities
- Intelligent and adaptive monitoring and control of assets
- Exploit History, Lifecycle and Knowledge data for building
- Anomaly detection capabilities 1
- Self diagnostics and prognostics @ Iﬁf-*": ﬁ
- System level diagnostics and prognostics i
- Remaining life management
- Intelligent Asset Care optimisation, planning and scheduling
 Production planning decision support

- Deliver adaptive on-site knowledge support and training
-

EpeuvnTikO Kévtpo ABnvad
Athena Research Center




Other examples of Intelligence in

Asset Lifecycle Management

» EOL
- Embed asset identification & history keeping
capabilities
> Intelligent support for EOL decision making
- Smart components separation

o Environmental hazard detection and decision
support

- Feedback to the BOL and MOL stages EOL data and
knowledge, to improve EALM

- Adaptively incorporate new guidelines and
constraints (which may have not been in place at
design time) in decision aid tools

- Adaptive pricing support
> Deliver adaptive on-site knowledge support and
training

A
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Wireless Condition Monitoring
Applications and Adoption Motivation

» Structural Health Monitoring
> Infrastructure - Tunnels, Bridges, Railways
- Cost of deploying and maintaining wired sensing
- Need for 24/7 on-line structural integrity assessment

» Monitoring Industrial Machinery and Manufacturing
Processes
- Dedicated sensor subnets for each machinery unit
> Flexibility to choose points of measurement
- Portable installations easily refitted
> (Smart) Sensor-embedded modeling and pre-processing

A
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Example: WelCOM Project - Wireless Sensor Networks
for Engineering Assets Lifecycle Optimal Management

Central Infrasiructure
e Sempr Menoni

elCOM {éi

Ya gy 1P L i (ptent Sty
EpeuvnTikd Kévrpo ABnvad
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A—— N
N —

WebCMMS/Data Warehouse & Analytics/Asset Ontology/eTraining

Central Infrastructure

Asset Registry/Prognosics/Planning/Decision Support/Spare Parts
Mobile Devices . ' ' Mobile Devices
Mobile ALM Components | ™~ e
Docs and Learning Delivery | - ! — N

Mobile Views

&

ATLANTIS

Asset Data Management

=

CHIMS Interfacing Smart Interfaces

Asset Ontology Access | Asset Registry Management
Mondonng Infrasfruci‘ure

Data c:nllec:tn:un (wired/wireless)

Local & intelligent data analysis

Prisma
‘h Electronics SA

Design for reliable monitaring

Fault Detection / [dentification / Diagnosis

. welColti—plrojece.cell.gi
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WSN Infrastructure / welcom-project.ceti.gr

Interfaces—

~Pn5ma
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Sensor Embedded Intelligence
Learning Methods

(Industrial Plant)

|

i
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Monitoring Infrastructure
[Wireless Sensor Network, RFID Tags,

Collect
Condition Data

Aodeling Normal Behaviour
(Knowledge Building Process)

Model Building

Model and Learn
from data Locally




Sensor Embedded Intelligence
Learning Methods

Detection of Change in Diagnostics Results
Normal Behaviour Behaviour Pattern (Distributed Processing ) (reports, alarms,
{Online Condition Monitoring) (Model Sync) Stage A Stage B schedule maint.)
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WelCOM Architecture

bdd [block] WelCOM [Welcom Structure and lnterfaces])

- uSystems
CMMStoWG WelCOM
Subsyste L
wSubsystemy
CMMSPort WeoH
WCtoCMMS WCDBServ O =
ul WCDBServ
WCDBServ
WelCOMAdmIn AdminPortallll ——
eSServ aSubsystemn»
- ap— eTrainingUl
L | m.\(\ i W—o)—8 wctp
o—a
lAdmin  {
AdminMobileUl |— WCDBServ i
aSubsystem» aSubsystem» WelCOMUser
WCIMA m;:o b WCKM
v

UserPortalll —— i

— IUser {!“ IUser

o—n

IUser
WSNServ
WelCOMUser — M B—C

UserMobileUl |——»

WCDBServ

«Subsystem»
SENSE-MI

WSNet
WSNet

MachPort

«Hardwares
SENSOR

. sHardware»
; WOS OpticalSensor
' sHardware»

._Q‘ OtherSensor
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Detection and Diagnosis
Reference Architecture

Epetl
Athe

Report Services

Monitoring Process ]

g

Data Acquisition &
Cond. Monitoring

Warning No

?

Yes
Send Report to
System Server

ﬂ g

.......

Initialization Services Setup Services Swarm Al
i r %
Initial Setup i i | Database i DBSynchronization A
< 5> Management 2 -
o Collective Learning :
Initial Qata 1| Data Labeling };D e {
~ : Dishibﬂtﬁdﬁl_ﬁoﬁﬁ‘lma:f :
Setup Refinement |i 4 On-Line ‘ : -
= = Diagnosis
ki

i

ND Database
s ==

Configuration Data
h‘ — H

Operating System

Definition Data

Hardware

(Sensing Elements)




Novelty Detection Subsystem
Example Diagram

Sensor Collective Mode

Sensor Single Mode

IR DR

Gateway / User

: Real-time monitoring, data acquisition and processing GKQ : Initial setup / refined setup

‘ : Collective ND functionality v: Novel Data Detected and Reported & : Administrative actions

A

l
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Outline

Engineering Asset Lifecycle Management

Enabling Technologies

Advanced e-Maintenance Services
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Maintenance Management Skills

» Maintenance Management increasingly recognized as important
function supporting sustainability
4x114

30 O o)

IR v

» engineering, IT, finance, operations, business management and
human resources management & development.

» Necessary body of knowledge in a single course?
higher education ?
postgraduate & vocational training courses
often target specialized aspects of Maintenance skills

» Most learners have already entered their working life

A
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Personalised and role-directed
training & competence assessment

T

FOR A FAIR SELECTION
EVERYBODY HAS TO TAKE
THE SAME EXAM: PLEASE

CLIMB THAT TREE

EpeuvnTikO Kévtpo ABnvad
Athena Research Center



Asset Management Roles
& Skills Requirements

Policy
Development

Asset
Knowledge
Management

Strategy
Development

Optimize the

delivery and
Risk performance of Asset

Management & physical assets Management
Performance

Planning
Improvement

Asset Asset
Management Management
Capability Plan

Source:

. Development Implementation BSI PASS5, IAM, UK
l
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How about the wider context ?

Typical priorities & concerns /
r

/ Corporatel
Organizational Strategic Goals A Organization ™,
4 Management i

———————————————— -lr"————————————.‘\;———-———-———

Capital investment optimizati \\ il * PAS 85 Agsget |
St g ' Managament
and sustainability planning s Manage Asset Portfolio % gwam

hlﬂihﬁdpﬂl‘fﬂl‘l‘nlm:-'} Vi
cost & risk optimization s i

.
Dptimize \\
life eyela ;
activities o Create

» PAS55 Framework for Asset Management,
Institute of Asset Management, UK
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www.ilearn2main.eu
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Curriculum Design

1 Performed activities on the assets (Asset Care)

- 1.1 Maintenance involvement in design, procurement and operation of assets
- 1.2 Preventive and inspection activities

- 1.3 Repair techniques and methods

- 1.4 Goal, strategies, results

2 Asset Performance Evaluation

- 2.1 Analysis of the technical performance of the assets
- 2.2 Remote control

- 2.3 Condition monitoring

- 2.4 Measurements

. 2.5 Information systems

3 Management/Economy of Assets

- 3.1 Maintenance concepts (Dependability / Availability Performance)
- 3.2 Analysis of the economical results
- 3.3 Documentation
- 3.4 Laws and regulations
‘3.5 Determination of human & material resources
i

EpeuvnTikd Kévtpo ABnvd
Athena Research Center




The iLearn2Main LMS

Press 0 o course summary-

_,‘
Lt

i‘f System presentation (PDF)
% System Demo (Animation)

\"";? User Guide (PDF)

|Disclaimer =

“This project has been carried out with the
support of the European Community, under the
Agreement UKIO7/LLP- LdV/TOI-004.

The content of this prmer.t does not
necessarily reflect the position of the European
Community, nor does it involve any
responsibility on the part of the European
Community™.

"COPYRIGHT Hotice: All Rights Reserved. No
part of this training content may be reproduced
or transmitted in any fnrm nrl:q any m
lectronic or
rararding. or by anv information storana and

.
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%? ILearn2Main Courses

%? 1. Performed activities on the assets (Asset Care)

1.1 Maintenance involvement in design, procurement and operation of asseis
1.2 Preventive and inspection activities

1.3 Repair Technigues and Methods

1.4 Goals, Strategies, Resulis

1.5 Work execution

2. Asset Performance Evaluation

2.1 Auditing and Benchmarking Techniques

2.3 Condition Monitoring

2.4 Measurements

2.5 Computerized Maintenance Management Systems

3. Management/Economy of Assets

3.1 Maintenance concepts (Dependability / Availability Performance)
3.2 Analysis of the economic results

3.3 Documentation

3.4 Laws and Regulations

3 5 Determination of human & material resources

i ]
o
i
i ]
i ]




e-Assessment of Competences

ou are logged in as Makis Papathanasiou (Logot

ministration |:|| Topic outline
Grades
Profile |

Disclaimer =]

Final Assessment Test

“This project has been carried out
with the support of the European

Community, under the Agreement

UKOTILLP-LdWITOI-004.

1;”:;7; mﬁxﬁ& [£] 1-1 Maintenance involvement in design, procurement and operation of assels Assessment Test
European Community, nor does it
involve any responsibility on the part - - - -
of the European Community”. [1 1.2 Preventive and inspection activities

"COPYRIGHT Motice: All Rights.
Reserved. No part of this training ; ;

e T e [£1 1.3 Repair Techniques and Methods
transmitted in any form or by any
meal lectr mechal |
natuting comying, resording. or by any | [7] 1-4 Goals, Strategies, Results Assessment Test
information storage and retrieval
system, without ion in writing ;
from the iLeam2Nain consortium. The i [] 1.5 Work execution
contents of each one of the courses
are the sole ibility of the
authors, who have undertaken the iti i
e [1 2 1 Auditing and Benchmarking Techniques
the rights to make these courses
available to the iLearn2Main system . - -
and no responsibility rests with the [A1 2.2 Condition Monitoring
developer and host of this e-Learning
System™.

[¥] 2.4 Measurements

B' 2.5 Computerized Maintenance Management Systems

@ 3.1 Maintenance concepts (Dependability / Availability Performance)

[£1 3.2 Analysis of the economic resulis

@ 3.3 Maintenance Documentation

[¥] 3.4 Laws and Regulations

(|
(|
EI
O
O
O
O
|
|
|
|
|
(|
O
O

@ 3.5 Determination of human & material resources
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nvucd (el)
English (en)
Latviesu (Iv)

Roména (ro

Svenska (sv

| Galvena izvélne

ILearn2Main Workspace
ILearn2Main Evalualion

ILeam2Main Glossary %° ILearn2Main Courses
— 4 %7 1. Uz aktiviem balstitas aktivitates
Prass ] for course summary, " 1.1 lekartu tehmiskas apkopes vadiba akifvu projekt@sand, iegadé un ekspluatacija
. 1.2 Profilaktiskie un kontroles pasakumi
? System presentation (PDF) = 1.3 Remontu tehnikas un metodes
A 1.4 Merki, stratédijas, rezulati

E System Demo (Animation) 1.5 Darbu izpiide

? User Guide (PDF) # 2. Aktivu darbibas novértésana
. 2.1 Auditésanas un salfdzinasanas metodes
2.3 lekariu lehniska stavokla balsia apkope
2.4 Martjumi
2.5 Datoriz&ta tehniskas apkopes vadibas sistéma

* 3. Lidzeklu vadiba/ekonomija
3.1 lekartu tehniskas apkopes koncepti (Drosums / Pieejamiba)
3.2 Ekonomisko rezultatu analize
3.3 lekartu tehniskas apkopes dokumentaciia
3.4 Likumi un regulas
3.5 Civekuidmatenalo resursu noteksana

i ]
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L
i
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ILearn2Main » I2ZM2.3 & Lessons » Theoretical Ba

Theoretical Background - Vibration Monitoring

Condition Menitoring
| 3. Theoretical Background — Vibration Monitoring

3.1. Why Vibration Monitoring?

Mechanical systems or machines aocunnt for the majority of plant equipment even in the more, technologically, sophisticated industries. Most typical machinery
malfumction probl cauge h ts vibrations. The pattem of the observed vibration changes for different typas of malfunction. This fact clearly
renders \ibration monitoring as the key componant of most condition monitoring programs of processes.

mrammmmmaﬂmmﬂmmumwwmwmwfwmmmmmmm,ae.w
results and information can be d by g and wtilizing ofher include thermography, oil analysis,

sound, acoustic emisaion, wMwaNl‘amg of temperature, power, pressure, mm arldoﬂm““-’

Commercial microprecessor-based systems are available for vibration menitering. In such systems the vibration analysis algeorithms are integrated on the memery of
the microprocessor-based systems and they are executed when the sensor is detecting vibration. Their use and practice exhibits significant advantages:

* simplified data acquisition,

s automated data manager

. ﬂﬂlrl'lﬂl handling of the collected wbial.lon data

-

-

-

i need for wibrati axpansta pret data

led and fi d inf n reports
powerful diagnostic tools constantly updated (software, sensors)

in % Makis Papathanasicu (L i)
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Glossary-integrated content

Whole bod rvibration s an oscillation, that is, a motion of a machine, or machine part, back and forth from ts position of rest. The general defniti in of Vibration efers to
mechanica: vsvmaununs about an equilibrium point. A force causes the "=~ ~~~mant and forces susiain the continued motion. Whenewver a whole boc ¢ vibration occL s, there

are actually four forces involved that detarmine the characleristics of th 2 vibration. These forces are [2]:

+= The exciting force, suctk as unbalance or misalignment;
# The mass of the vibrating system;

= The slifiness of the vibrating system;

+ The damping characteristics of the vibratirg system;

The exciting force causes th : wbration, whereas the stifness, mass and damping forces oppose the exciting force to confrol or minimize the vibration.

Vibration

Whole body vitvation is cefined as an oscilletion, that is, a moton of a machine, or machine part, back and forth from its position of rest. In case of Pressure Waves vibvalion, the

machine's center of gramty is more or less stationary. Pressure waves onginate at a contact point and radiate outward from there.
» Condtion Monitoring Glossary

[

e LT Ry Anp

EpeuvnTikd Kévtpo ABnvd
Athena Research Center




Linked Bibliography

Whole body vibwation is an oscillation, that is, 2 motion of a machine, or machine part, tack and forth from its positon of rest. The general definition of Vibraiion refers to
mechanical oscillations about an equilibrium point. A force causes the initial movement and force: ... tain the continued motion. Whenever a whole body wibration sccurs, there
are actually four forces involved that determine the charactenistics of the vibration. These forces an [2]:

Condition Monitoring
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Assisted Learning &
Comprehension Tests

Condition Moritoring

Vibration analysis can significantly support predictive maintenance through early identification of progressing faults.

Condition Monitoring

What is the origin/reason for the presence of harmonics in the spectrum of loose machanical parts:

il low masa.

rong Answer.
laase wread saction 5.2 %
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Assessment Tests

1.4 Goals, Strategies, Results Assessment Test

Review of attempt 1

pling of lubricant products Close this window

1.4 Goals, Strategies, Results Assessment Test - Attempt 2

ge to vital P Started on | Tuesday, 19 January 2010, 01:13 AM
Completed on | Tuesday. 19 January 2010, 01:26 AM
Time taken | 7 mins 16 secs
Marks | 9/18
Grade | 5 out of a maximum of 10 (50%)
Feedback
Unfortunately you failed the test.

ibration analysis is a CBM technique.

Correct Answer!

orrect .
e prime objective of RCM is: iMarks for this submission: 1/1.

7y A To provide reliable diagnosis of machinery condition

BT el prockestiog machinery 1o dpeating wiiot Preventive maintenance is carried out after a detected failure.
© faults

7y C. To preserve system function True x

@ False

Correct Answe::
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WelCOM e-training

E-Training Server [

PRl S E—

Shop Floor
& Mobile
Trammg E- Tramlng PCs

e
e
T

— &

- fﬁ'ﬁ' = ff X

| T Vel
i ] = I

Maintenance Staff

EpeuvnTikd Kévtpo ABnvd
Athena Research Center




The future of Asset Management Training

Personalised Learning

Groupware Learning
Skills development methodologies and tools

- ‘Creative’ approaches in place of On the Job Training (OJT)

-E-Learning & ‘Learning 2.0’

AR - Virtual Worlds

-Virtual Learning & Personalised Learning Environment
-Games & Simulation

-Learning Labs

A

i
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Outline

Engineering Asset Lifecycle Management

Enabling Technologies

Advanced e-Maintenance Services
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EFNMS Maintenance Management Concept

EFNMS Maintenance Concept

Maintenance within Asset Management

v v v v

Maintenance Maintenance Maintenance Safety, Health
Management || Technologies Assessment || & Environment

Education & training in maintenance Certification of maintenance personnel

- Source: www.efnms.org — The European Asset Management Committee of EFNMS

l
.
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> UMMETOXN 0€ OPpYXVIOUOULC -
Working Groups kot ALKTUX

» IMS M4SM (Maintenance for Sustainable Manufacturing)
Manufacturing Technology Platform (iLearn2Main
participation) -

» International Society of Engineering Asset Management -

» European Federation of National Maintenance Societies -

» Hellenic Maintenance Society -
» IFACTC 5.1 - Working Group
» IFIP Working Group 5.7
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Atopycvwon 4t World Congress on
Engineering Asset Manhagement oTnv

Ath

HMS-HEWS

To oriyua Tng EAnvikig 8ong omv kai-
VOTOMIA KAl TIG KAALS TPAKTIKEG GTO XWPO
rou EAM &Bwoav emiong pe KevTpiMég
opkieg Toug o k. TTavag Zaxapiadng, Tex-
VIKOG AAeuewrng ™me Mlunhc Bulk C:u-rl—

World Congress on
Engineering Asset Management

N\

wia Bepara Condition Monitoring, Trans-
port, Building & Structural Asset Man-
agement, TTponypéves Irpamnyikég Tuv-
Tpnong kA EidikoTepo svdiagpov eixe
n uw:&wa yia Tig avayreg Exmaidevong

ers Ltd ka1 o k. yimng TT

Texvikog AwvBuvric Tig Migupa AE, n
oToia £xel TNV euBivn Tng Siaxeipiong K
ouvTipnong Thg yepupac Piou - Avrippiou.

Kai priong ot Zuvrripnen, kaBug kai
To SiadpacTiké workshop on xprion epva-

Aekwv e-Learning yia To oxomo autd, Tou
opyaibnuev amé To Evpumaind épyo

SpaomproToieital oTo xwpo Tou EAM. To
zmopzvo WEEAM Ba &i1efaxBzi oo Bris-
bane ¢ Auctpakiag, 25-27 Oxrwppiou
2010 Kai mepicadTepeg MAnpo@OpiEs yia
auTé tivan BlaBEoiueg oTO Www.weeam.com.

H HMS ouvexifer evepyd Tv TpowBnan
WV 95wrwv kar efenifewy gTo yipo,

™m i Tou emé-
uevou Maintenance Forum otnv ABrva To

Tou 2010 K ouppETEXOVTAg OTO

“iLearn2Main”. EfmpeTike 1pLp

cixe emiong T w11k workshop ot BEuara
O Co-Chair Tou guvedpiou Ap. Xpgtog “O. wa Trag
Eppavounaidng, pirog Tou AT Tig HMS  mou avedeiEe Tv ™g avamTu-
wal Kopiog E| oTo Ef 6 Kév-  £n¢ wai vioBE Sie vy U yia
Tpo "ABNVE’, iaos To TP Tou TV i me iag K Twv

ouveBpiou To oTGio MEPIEAGPE TEPIGEITE-
peg amd 120 eionynocic Kal emoripave 4Tl
giTog opyaviBnkav sidikég ouvedpicg yia

utmpeaiw ot guoTipara EAM.

Stategic Engi g Asset M

amé v EFNMS kai To Siktuo EUREN-
SEAM, yia TpakTikég mou oupBdouv o
Puisorpn avdmrugn amé Ty TexvoAovikh
Tiaredoua ‘Mai for inabl

H oripa iwv WEE AM Eexiviioe oy
Augtpaiia To 2006 amo Tov Kabnynmr
Joseph Mathew, CEO tou Cooperative
Research Centre of Engineering Asset

i (CIEAM) k@ Co-Chair Tou
Manuh:cruring (M4SM)  Tou ditﬂvon'n; @eTIvol ouvedpiou, UE OTOXO va EPTI KOV-
poypdpparog Intelligent f TA THY EpEUVATIKG, Snudikg Kal Piopn-

Systems ln|erna?\onul (IMS), aArd ka

WCEAM

XAVIKI KOVGTNTA AM6 6A0 TWV KOGUO, TOU

2009

Tou Ba SizfaxBei 12-14
Mdrou 2010 on Bepova tng Iraniag. Te-
pisooTepeEg MANpogopies tival SiaBEoines
70 i hms-gr.eu.
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World Congress on
Engineering Asset Management
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Advances in Production
Management Systems

» International Federation of Information
Processing - WG 5.7

» Annual Conference
» APMS 2012 - Athens, 24-26 September 2012
» www.apms-conference.org




M4SM Integration

: Human Factors,
Data & Metrics

Knowledge, Training

Use Context

Enabling

: Models & Decisions
Technologies
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“ASSET LIFECYCLE MANAGEMENT: ENABLING
TECHNOLOGIES, SYSTEMS AND SERVICES»

Dr. Christos EMMANOUILIDIS

Senior Researcher

CompSys/CETI, ATHENA Research & Innovation Centre, Greece
www.ceti.gr/compsys

www.cetl.gr

www.athena-innovation.gr

CERTH-IT! Research Seminar
9 Nov 2011
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