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PREDICTIVE MAINTENANCE
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PREDICTIVE MAINTENANCE

» Mark Peters
* Intro use case & Ai Roadmap

» Mark Roest
« Verdieping:
»Data Analytics & Al
»Dashboarding & Appreciation

» Ronald Teijken
* Verdieping:
»Data Collection
»Digitization & Computing
»Cloud & Connectivity

» Mark Peters
» Ai Roadmap en uw bedrijf?
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» Al vanaf studie Technische Bedrijfskunde
geinteresseerd in hoe met nieuwe
technologie meer waarde te leveren

» Als Innovatieversneller Smart Industry
verantwoordelijk voor het initiéren en
versnellen van innovaties bij lJssel
Technologie
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Standardization
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Tool life extension, Improvement projects

Tool life for different roller types
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Smart sensors Artificial Intelligence

Industry 4.0
Cyber Physical Systems

Connectivity Digitization
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EXAMPLE FOR PREDICTIVE MAINTENANCE
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Inspiration Ambition Scoping Data Digitization & Cloud & Data Appreciation Elevation

e What is Ai? ®Dream e Critical assets collection computing Connectivity analytics & Ai ¢ Dashboarding * New areas

* Smart Maintenance statement e Failure modes o Predictive « Digitization «Cloud « Monitoring * Reporting o Elevated

* New Technologies * Relevant KPIs * Failure chances values « Edge/cloud platform  Anomalies e Value stating services

e Success stories * New Business e Failure effects * Existing data computing *5G/BLE/LoRa « Labeling o Follow-up * New Business

o Call for action? Models * Smart Sensors o Software *API| & o Trends o Celebrating Models
Integration « Prediction Successes
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Ambition

* Dream statement
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e New Business
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Scoping

o Critical assets

 Failure modes
Failure chances

o Failure effects
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Scoping

o Critical assets

 Failure modes
Failure chances

o Failure effects

Point P

Failure starts Ul
. tra I
Desired performance level to occur sound Vibration il
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» Standardized vibration measurements:
1. Acceleration (RMS g)

Velocity (ISO)

Magnitude

Crest factor

Kurtosis

uhwN

« Standard addable measurements:
1. RPM
Temperature
Current
Oil quality
Integration with other process data
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 Predictive values
 Existing data
* Smart Sensors
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Inspiration
~Wratis A2

Ambition Scoping

Data
collection

 Predictive values
* Existing data

Digitization &
computing

* Digitization

* Edge/cloud

* Smart Sensors computing

* Software

Desired performance level

Point P

Failure starts

Early
to occur

Signal 1

Early
Signal 2

Early
Signal 3

Audible
Noise

Detectable
with:

Infra Red

Detectable
with:
16 bit

Detectable
with:
24 bit

Uptime Works
°

Hot to Touch

(Most of) Comparable
Alternative measurement
systems

Equipment
Failure
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DATA ANALYTICS & Al

Data
analytics & Ai

* Monitoring
Anomalies

e Labeling

* Trends

e Prediction

Mark Roest
I

VORTECH

Your development partner for computing

and modelling software
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DATA ANALYTICS & Al

Data
analytics & Ai

* Monitoring
Anomalies

e Labeling

* Trends

e Prediction

Detecteren van relevante veranderingen in het functioneren van machines
Adviseren van gewenste ingrepen

|
Failure starts Early
to occur

Signal 1 Early

Signal 2
Early
Signal 3

Audible
Noise

Detectable | Detectable
with: with:
24 bit 16 bit

Detectable
with:
Infra Red

Hot to Touch

(Most of) Comparable

Alternative measurement -
systems q
Equipment
costs Failure
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DATA ANALYTICS & Al
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring
"y Anomalies
o Labeling

* Trends
® Prediction

1. Collecting Measurements

Spectrum/Trend
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring

o Labeling
* Trends
® Prediction

1. Collecting Measurements
Spectrum/Trend Spectrum/Trend =

2. Detecting Anomalies/Alarms
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DATA ANALYTICS & Al Data
analytics & Ai

Monitoring

o Labeling
* Trends
® Prediction

Manual Alarm Limits Smart Features
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Trend-based Anomaly Detection Complex Anomaly Detection
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DATA ANALYTICS & Al Data
analytics & Ai

* Monitoring
Anomalies

o Labeling

* Trends

® Prediction

Spectrum/Trend

Spectrum/Trend

1. Collecting Measurements

2. Detecting Anomalies/Alarms
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DATA ANALYTICS & Al Data
analytics & Ai

* Monitoring
Anomalies

o Labeling

* Trends

® Prediction

Spectrum/Trend Spectrum/Trend

1. Collecting Measurements - ‘

2. Detecting Anomalies/Alarms E{
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DATA ANALYTICS & Al

« Anomaly detection
e Which assets show anomalous behavior

« Factors that contribute to failure
* What are the top features that contribute to failure

* Asset life curve
* What is the probability of failure when an asset is n years old

* Probability of failure
* Which assets will fail in the coming n days

* Predicted failure date
» How many days until failure, how to increase/decrease
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DATA ANALYTICS & Al

Data
analytics & Ai

* Monitoring
Anomalies

* Trends
e Prediction

To predict, you need some form of model to describe the failure curve

Desired performance level
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|
Failure starts Early
to occur

Signal 1

Early
Signal 2

Early
Signal 3

Audible
Noise

Detectable | Detectable
with: with:
24 bit 16 bit

Detectable
with:
Infra Red

Hot to Touch

(Most of) Comparable

Alternative measurement -
systems q
Equipment
costs Failure
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring

® Prediction

Modelling approaches

|

Data driven

Rules based Physics based

Machine learning
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring
2% Anomalies

* Trends
® Prediction

Modelling approaches

|

Rules based

"

Data driven

Physics based

If P50HZ > 50 Machine learning
then early_signall
If early_signal3
then RUL =1 year
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring
2% Anomalies
o Labeling

* Trends
® Prediction

Modelling approaches

|

Rules based

Data driven

Physics based

"

p= pmax(l_xz/yz)o's S
C=p/S,=1.295 exp(0.736V) !

Calibrate p,,,, from data
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DATA ANALYTICS & Al Data
analytics & Ai

* Monitoring
=» Anomalies
o Labeling

* Trends
® Prediction

Modelling approaches

Rules based Physics based Data driven T

Machine learning
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DATA ANALYTICS & Al Data
analytics & Ai

A ° Monitoring
=» Anomalies
o Labeling

* Trends
® Prediction

Modelling approaches

l Learn failure curve
Physics based Data driven <

Machine learning

Asset Condition
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DATA ANALYTICS & Al Data
analytics & Ai

* Monitoring

® Prediction

Modelling approaches

T < Purely data driven

*  GANs
* Transfer learning
* PINNS

Machine learning
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PREDICTIVE MAINTENANCE

Data
analytics & Ai

o\ cotecion el o \onitoring
T e Sk Anomalies
’ - e Labeling
* Trends

e Prediction

» Standaard tools

» Voordeel: vaak tools die breed getest zijn op basis van veel data
« Nadeel: kosten aan verbonden, vaak ook in combinatie met consultants
* Cognos, MindSphere, Maximo APM, AVEVA, Fluke, ...

» Do It Yourself

» Voordeel: zeer laagdrempelig, geeft gevoel voor materie
» Nadeel: vergt IT-beheersing en kennis van zaken
» PowerBl, Python Notebooks

» DIY op een platform
» Voordeel: infrastructuur en security geregeld
» Nadeel: enige kosten

2 PoweRED
» IBM cloud, Azure, AWS FME ¢{ @), M groute
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»Crmeat assers coltection
s Faiure aser

Value stating

il
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< Presscrion

Channel Manager IBM Sustainability
Solution

IBM oplossingen op het gebied van
Sustainability, EAM, IoT, SCM, Al en TWC

Sales en BD via partners en continue op
zoek naar nieuwe (ESA) partners

Zelf: HBO logistieke opleiding, ervaring
in Productie, SCM en SW.
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

 Predictive values o Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

* Software Integration

New technologies yield vast
maintenance efficiency
potential for industries with
distributed fixed assets.
Companies that have digitized
and automated their
maintenance processes now
show a significant increase in
labor productivity and a 20 to
30 percent reduction in
maintenance costs.”*

,‘% POWERED
FME (O & ourcn
waz/ TECHNOLOGY
-



The =< o000 and Assets
are Changing

Sensors

. Predictive
\ failure model

_ Inspection
- Server

Real time
remote -
monitoring 2| Il U0

Digital Twin

Most asset failures are
random resulting in
unplanned downtime and
additional costs

Growing backlog of
Preventative Maintenance
activities

Maintenance Costs too high
Limited capital budget with
no insight into how to
prioritize based on asset
condition

FME BYDUTCH



The People and the Role of
Technicians are Changing

Remote Expert 7 Al-Based
Assistance » 4 : Assistance New insights from

your assets

Mobile - P Asset Operating
Workspace T History AI anomaly or alert

Visual inspection

WEETE LI ES)
Diagnostic Y Biometrics
Interfaces = A% Asset health score
%—0 |
| \ Safety ; ;
Asset & Digital 'y : M Predicted failure
Twin Info E
An aging workforce Tech savvy candidates
resulting in loss of expect connected FM E TE(IIDI!IJ;((:DII-.IOGY

knowledge workplaces




PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

Frissiinssd  Predictive values o Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &
* Software Integration

Optimize maintenance with

repair/replacement decisions it (O - WE.IE +
Reduce unplanned downtime 1 E”Egﬂ?ﬁgﬁ R

Shorten planned downtime/outages ==

Extend asset life ASS ET

Assist with transitioning workforce &E&!&gg%ﬁgﬁ%
Reduce time investigating false positives
.‘ﬁ gg NCREASED EQUIPMENT MAINTENANCE ®
Increase asset availability e | _bsglﬂ'ME ggggs,ggycnc?gg
Reduce time to make strategic replacement mmmgég i o
N “L@ﬁi; | G}
decisions :
Reduce overall operational risk by focusing
on the right assets p.- \ POWERED
FME ( SO b puTcH
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity
 Predictive values * Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa

* Smart Sensors computing *API &
 Software Integration

Connecting the Enterprise
O * O Dpata integration from multiple sources of
o Oo data about operating state.

Operate at Scale
Ability to scale and visualize operations

across enterprise through single dashboard.

AI-Powered Anomaly Detection
Advanced analytics and Al that can quickly detect
issues and leverage data from operating history.

Root Cause Analytics
N AN Alert notifications and drilldown capabilities for

resolution teams.

© ) Journe i
y to Predict
O Monitor is the foundation for predictive ;"% POWERED
C)@ maintenance and asset health. FM E “‘\\ I“ 'IIB'EC?HJ(O:ILIOGY
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity
 Predictive values o Digitization ¢Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa

e Smart Sensors computing *API &
* Software Integration

« Connect devices in minutes with

pre-configured connectors
* Leverage data unification to use

data from different sources in the
same application

_ « OT complexity reduced, benefitting

the IT department

BY DUTCH
TECHNOLOGY
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

 Predictive values o Digitization ¢Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

* Software Integration

Corporate Level

ISA95-Levels 4,5 %% Customers Your company Suppliers
E ) B _. - P : . )
= |

Wide Area Network

Plant Level
ISA95-Level 3

3
D T L L T e e T T T P P

B B

Shopfoor Level 1 Bundle data together from IoT, middleware,

ISA95-Levels 0,1,2 Local Area Network

| cybersecurity, networking, modern plant
________ l I applications and edge analytics

Process
Control
Network

Production Equipment
Automation / Sensors / Actuators
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

 Predictive values o Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

* Software Integration

Enterprise/Central level

Enterprise IT (Internal Cloud)
Gl v . 1OT

Exiemnalthirdparty g g m - '))) ’)))

vendor support Smart sensor  Smart sensor

loT ™=~

Integration layer

) ) -

Smarl sensor  Smart sensor

oT

Plant1 Plant 2

= b — (e

Remote access service




PREDICTIVE MAINTENANCE

Data
collection

Cloud &
Connectivity

*Cloud platform
*5G/BLE/LoRa
*API &
Integration

Digitization &
computing

o Predictive values
* Existing data

* Smart Sensors

* Digitization

* Edge/cloud
computing

 Software

Hybrid Multi Cloud

Allows applications to be built once
and deployed anywhere. Delivers
cost-effective innovation quickly

Al & Analytics

Supports staff to make decisions.
Identifies business-critical
operational improvements

Software-defined Networks

Ability to control network resources
as compute needs scales

Blockchain

Improves identity management and
distribution. Enables transformational
business model innovations

Edge Computing

Enables data to be processed at point
of action and data be transferred with
minimum latency

Cybersecurity

Embeds safeguards into systems.
Surfaces threats

Internet of Things

Extracts digital data from physical
assets. Optimizes existing operational
processes

Mobile

Connects engineers, technicians and
planners with insights where they
are. Enables on-going collaboration
and decisions

Robotics & Process Automation

Enhances productivity by working

autonomously or in conjunction with POWERED
I BY DUTCH
staff. Increases worker safety TECHNOLOGY



Private

Edge devices Edge clusters and gateways Network edge Central clouds

A distributed computing paradigm which
brings computation and data storage closer to the location

where it is needed, to improve response times and save
bandwidth.

L FME
— Wikipedia
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity
o Predictive values * Digitization *Cloud platform
o Existing data  Edge/cloud *5G/BLE/LoRa

* Smart Sensors computing *API &
 Software Integration

Real-time visualization, simulation and analysis
of machine and worker data

Automate production line and perform
analytics at the edge to improve product
quality

Inspect, optimize  Detect and Improve worker
and “self-heal” correct at and inventory
production line the point management

in real-time of installation
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PREDICTIVE MAINTENANCE

o A Data Digitization & Cloud &

collection computing Connectivity
o Predictive values * Digitization *Cloud platform

. o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

L  Software Integration
L
$ »
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PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

 Predictive values o Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

* Software Integration

§
! Mobile Notification Dashboard | ... | Services ;
™ ‘ Framework HWW | ‘ Sarvicae \ ‘ Visualization H Pt i Client
; Cloud
i\ Common Components
> DatalIngestion Data|Store DataIAnalytics NewIAppIications
2 p— — 3 -
> S Management | Maintenance
Operations Center % Navigation -
& Energy Production
pe =5 Off-line Data | |« Optiimization Optimization
By o | R | - ool
3 e ol - — -
" Fitered | £ Distribution Cognitive
B 1 3 Optimization Advisory
( Edge =
Aiatyoad Processing c b v
- % ‘ Data I~ "{|_Dota streaming [+ 8 . n
ant = i
pooes | ey | (o || BT T ) |
= ' Xy 4 Data Integration Application Integration
|| >N i Services Services
e Data
— . ! ,
[ scapa. apc. PLC.DCS | - _J Connectivity and Security Gateway L
1 I ETL/EN ESB =
| .st | I I Client
" Historian ] I Through-Process Energy Maintenance and Setup Production Data Center
\_os_J | I I Optimization Management Enterprise System Management Gy
Bate ot Through-Process || Knowledg S I Expert ” Asset ” Logistics
7 (e.g. Weather, Maps. | | Quality Control Management | HSE | [CRM| |systems| | Management| | Management
Business Partner, elc.




PREDICTIVE MAINTENANCE

Gateways

Topology Definition

Data

collection

o Predictive values
* Existing data
* Smart Sensors

Digitization &

computing

* Digitization

* Edge/cloud
computing

 Software

Protocol Definition
Data Format Definition
Frequency Definition

Devices

Sensors ldentification
protocols Identification
instrumentation

Tests Connectivity
Development AP| Socket

=
.

Edge Computing

Rules Definition
Early Alert
Notification
Monitoring
Stream data

Faster insights
Streaming analytics
Management
Controlled data
Real-time edge storage
Fog processing

Cloud &
Connectivity

*Cloud platform
*5G/BLE/LoRa

*API &
Integration

Cognitive Solutions

Define Cognitive Model
Explain / Predict / Join
Social media / Refine /
Trend

(6 )
b

Analytics

Define statistical models

Manage - Integrate
Analyse - Reduce

Real-Time Analytics
for Edge

f——|

Clouds

Public / Private / Hybrid

Networks

Transport Definition
Security Definition
Compression Definition

PaaS / Saa$S / laaS

Security

Monitoring

Governance




PREDICTIVE MAINTENANCE

Data Digitization & Cloud &
collection computing Connectivity

 Predictive values o Digitization *Cloud platform
o Existing data * Edge/cloud *5G/BLE/LoRa
e Smart Sensors computing *API &

* Software Integration
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Digitization & Cloud &
computing Connectivity

 Digitization *Cloud platform
* Edge/cloud *5G/BLE/LoRa
computing APl &

* Software Integration

>
Additional sensoring and é

On-line & route based condition monitoring

process data l

Lubrication
management

Oil analysis

Expert Root Cause Advise and
Analysis  Analysis Prediction

Mobile visual inspections and infra red

ThermaCAM™
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Appreciation
¢ Dashboarding
® Reporting

¢ Value stating

e Follow-up
e Celebrating
Successes

46)

b
Additional sensoring and ‘ 1. Trend and Alarm reporting
process data
2. Expert analysis & advise
Repair
Modify
Maint. Concept

Lubrication

management 3. Dashboarding

Oil analysis

Expert Root Cause Advise and
Analysis  Analysis Prediction

4.Value reporting
Mobile visual inspections and infra red
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Elevation

* New Areas
o Elevated services

* New Business
Models

Regiewerk Projecten Procesverantwoordelijk
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Elevation

* New Areas
o Elevated services

* New Business
Models

S0

SAFETY SUSTAINABILITY

KPI's (OEE):
Beschikbaarheid x Snelheid x Kwaliteit
(Koudband en TSP)

FLEXIBILITY

On-line meting van:

- Conditie: trilling, toerental en temperatuur op rollagering en aandrijving

- Slip: productsnelheid versus rol-snelheid (TSP) -§\“ POWERED
4

)
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OVERALL EQUIMENT EFFECTIVENESS

Data Integration

Maintenance Production
Machine Condition Data Process Condition Data

Machine sensors Process measurements

(oVE1[14Y]
Product Condition data
Product inspections

Elevation

* New Areas
o Elevated services

* New Business
Models

Dashboard
Visualization of
Performance data

Big Data Analytics
Alarms, Algorithms & A.l.
Monitoring & Correction
Prediction & Prescription




Ambition

® Dream
statement

Inspiration

e What is Ai?

¢ Smart Maintenance
¢ New Technologies
® Success stories

o Call for action? Models

Bedrijfskunde

® Relevant KPIs
¢ New Business

PREDICTIVE MAINTENANCE

Scoping

o Critical assets
e Failure modes
e Failure chances
e Failure effects

Vakmanschap

Data

collection

e Predictive
values

e Existing data

* Smart Sensors

Digitization &

computing

* Digitization

* Edge/cloud
computing

 Software

Data engineering

Cloud &

Connectivity
*Cloud
platform
*5G/BLE/LoRa

*API &
Integration

Data
analytics & Ai

Appreciation Elevation

* New areas
o Elevated
services

* New Business
Models

¢ Dashboarding

* Reporting

* Value stating

o Follow-up

o Celebrating
Successes

* Monitoring
* Anomalies
e Labeling

* Trends
 Prediction

Data Analytics/
ML expert

Vakmanschap Bedrijfskunde

o

FME

T
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Inspiration

* What is Ai?

¢ Smart Maintenance
* New Technologies
® Success stories

o Call for action?

Ambition

e Dream
statement

* Relevant KPIs

* New Business
Models

Scoping

o Critical assets

e Failure modes
e Failure chances
o Failure effects

Data

collection

o Predictive
values

e Existing data

* Smart Sensors

Digitization &

computing

e Digitization

¢ Edge/cloud
computing

e Software

Cloud &
Connectivity

*Cloud
platform
*5G/BLE/LoRa
APl &
Integration

Data
analytics & Ai

* Monitoring
¢ Anomalies
e Labeling

¢ Trends

e Prediction

Appreciation

¢ Dashboarding
® Reporting

¢ VValue stating
¢ Follow-up

e Celebrating
Successes
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Inspiration

* What is Ai?

¢ Smart Maintenance
* New Technologies
® Success stories

o Call for action?

Ambition

e Dream
statement

* Relevant KPIs

* New Business
Models

Scoping

o Critical assets

e Failure modes
e Failure chances
o Failure effects

Data

collection

o Predictive
values

e Existing data

* Smart Sensors

Digitization &

computing

e Digitization

¢ Edge/cloud
computing

e Software

Cloud &
Connectivity

*Cloud
platform
*5G/BLE/LoRa
APl &
Integration

Data
analytics & Ai

* Monitoring
¢ Anomalies
e Labeling

¢ Trends

e Prediction

Appreciation

¢ Dashboarding
® Reporting

¢ VValue stating
¢ Follow-up

e Celebrating
Successes
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Elevation

e New areas
e Elevated
services

¢ New Business
Models
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PREDICTIVE MAINTENANCE

Volg van het FME Platform Al for Industry ook een Al Deep Dive sessie over
Predictive Maintenance

Meer informatie:

» 1Jssel Technologie — Mark Peters: Mark.Peters@ijssel.com
* IBM —Ronald Teijken: rteijkenl@nl.ibm.com

* VORtech — Mark Roest: mark.roest@vortech.nl
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