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SKF service agreement

928%

Reporting rate

>10 000

Continuously
monitored assets

>3 800

Recommended Actions

100+ years

Experience with
rotating equipment

30 years

Experience of
vibration monitoring




Ovako and SKF extend
cooperation

The steel manufacturer Ovako in Hofors
is investing in expanded preventive
maintenance work and is signing a five-
year service agreement with SKF, which
involves extended online measurement
and the use of the latest wireless
technology for measuring operational
data.

"Our strategy is to reduce the
proportion of corrective maintenance
and work even more preventively,
where we see that increased online
measurement is an important part,"

Erik Wallberg
Maintenance Manager
for Ror och Ring




LKAB signs agreement
with SKF to develop
maintenance work

"A key enabler for creating the
conditions for trouble-free and safe
processes is world-class data-driven
maintenance.

The goal is to increase safety,
availability, plant speed and quality,
which will lead to a lower total cost for
LKAB,*

Maria Ryytty
Section Manager for Strategic
Maintenance




SKF enters
collaboration with

Ahlstrom-Munksjo

The engineering company SKF has
entered a three-year collaboration with
Ahlstrom-Munksjo in condition-based
maintenance with the aim of increasing
safety and improving the technical
availability of the paper machine PM13.

In our quest to increase plant availability and
reliability, this collaboration with SKF in PM13
condition monitoring is an important step in
our journey from corrective to predictive
maintenance

Robin Andrésen, Maintenance Engineer

With the remote sensing service, we also have
the opportunity to take advantage of SKF's
broad expertise in the field and develop our
own staff. We see this as a great advantage for
the future"

Peter Dahlbom, Maintenance Manager




SKF
This is how we do it

SKF DIGITAL Secure and easily accessible data storage,
PLATFORM IOT and Big Data Analytics

PREDICTIVE Utilizing remote diagnostic resources and

Including condition monitoring data, DATA
MAINTENANCE system based tools

lubrication, maintenance, process, COLLECTION
production, and spare parts

Benchmarking, understanding your

needs and opportunities for ENGINEERING
improvement, application expertise, KNOWLEDGE
ensuring performance and KPI targets

Visualization through dashboards to
ACTIONABLE support decision making and actions in
INSIGHTS real time that optimize asset performance
and KPI measurement

FIELD Full range of maintenance

Real time info on the spare parts for SUPPLY
MAINTENANCE support services

specific machinery, enabling a new and CHAIN
more efficient spare parts management
and supply chain.

REMANUFACTURING

Identifying when to perform a cost-efficient
remanufacturing process while reducing
carbon footprint and optimising the life cycle
cost of the assets



Digitalization and
Maintenance




Digitalization is a prerequisite
for us and our customers to
increase competitiveness

We believe in working based on
the customer’s needs and

goals. With common goals and
incentives, we succeed.

Our customers turn to us when
they want to secure their
investments and expertise
knowledge around rotating
shafts




DIGITAL MATURITY

"Where to start? Where to go?
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8 Silo’d datasets

C Isolated structured and

CT) unstructured data sets,

2 WOW! We have a lot some integrated

o0 of Data business processed
Basic reporting and —b'as?:-d on ERP.
analytics. Limited/no data

management

Data Insights

Analytics drivers new
insights into data at
the source, behaviors
and trends. Real-time
data deliveries visibility
and operational
efficiency.

Ol

Prescriptive &
Prognostic Analytics
Al-ML event-driven
real time situational
awareness and semi
automated response.

Adaptive & Predictive
Analytics

Data science and edge
capability drives
insights into behaviors
and trends, automated
repetitive processes,
Digital Twins create
benefits across the
asset lifecycle.

Source: AVEVA



DIGITAL MATURITY

121 responders

. I need collect Data

. WOW! We have a lot of Data
. Silo'd datasets

. Data Insights

. Adaptive & Predictive Analytics

. Prescriptive & Prognostic Analytics
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Digital Maturity

32
19
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WOW! We have Silo'd datasets Data Insights Adaptive & Prescriptive &
a lot of Data Predictive Prognostic
Analytics Analytics

Source: SKF customers visiting Solution Factory - UH Massa 2024
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SKF
Critical Pressure Points in Today’s Operation Activities

DDUB

Maintaining
asset reliability

Energy
optimization

Exposure to
security
vulnerabilities

Improving
Process safety

Reducing
maintenance
expenditures

Digital
transformation

Top Pressure Points in Operation Activities

Source: Frost & Sullivan



S5KF
Evolution of Maintenance and Condition Monitoring Applications

v

- Maintenance on failure = Planned maintenance as per - Savings of 30-40% over reactive methods

- High risk of unplanned schedule - Cost savings of 8-12% over preventive by
downtime - Savings of 12-18% over avoiding unnecessary maintenance

- High-pressure environment reactive methods - Unpredicted failures reduced by more than

in case of asset breakdown = Production cost of asset 55% over preventive maintenance

« Production cost of asset failures - Equipment availability increased by 30%
maintenance « Improves asset performance over preventive maintenance

Asset Mangement
Strategies

» Mean time between failures increased by
30% over preventive maintenance

Source: Frost & Sullivan



Asset Monitoring and Management: Changing Landscaping

The changes within the asset

monitoring landscape that are
forcing the shift to CM

Ol

Fault Detection and
Failure Analysis

. @
Reactive and '
Preventive
. . .
Limited Condition
Monitoring
Limited to ’
Critical Assets
Complex, ..
Standalone
Unavoidable ’
Expenses
® Analysns
Y Level
]
Strategles :
I
1
2016

L

L

o | Asset
ﬁ(__)'@ : e + Coverage '
@ : ' :
' Technology , ®
] ! .
X ' ' Predictive/
] ! T
. User . ® Prescriptive
. Attitude Widespread Insight for
2020 6 Coverage across Pen‘.or.mar?ce
Asset Classes Optimization
Integrated,
- Collaborati
® ollaborative

Strategic
Business
Function

: Adoption ' '
' ! Level , ®

Root Cause Analysis
6 and Diagnostics

Predictive and
Proactive

Source: Frost & Sullivan



SKF
A Condition Monitoring Strategy Enables

Importance of Condition
Monitoring and Business Benefits

The major benefits of CM are: 50% 55% ’ 30% 60% ’ 30%

 Maximizing asset uptime
 Enhancing yield

. Reduction in Reduction in Increase in Reduction in Reduction in
* Lowers ng costs maintenance unplanned machinery Mean time spare parts
° Mlmmlzlng unplanned downtime cost machine availability to repair cost
] ) failures
* Extending asset life
* Improving safety \
« Making more informed decisions 30% 70% 90% 25% 40%
Increase in Reductionin  Reduction when process Increase in Reduction in
plant maintenance data was combined production downtime
Condition monitoring could machinery life breakdowns with predictive
maintenance data

achieve a 50% reduction in
maintenance costs

Source: Frost & Sullivan



Effect of
collaboration




Effective replicable
methodology around
Improvements

We work together with our
customers to propose,
implement and follow up
improvements, for increased
operational reliability around
rotating machines and in this
way affect availability and
thus enable the
collaboration's goals




Our service
agreements:

 Adapted to the customer's
situation and goals

e Scalable
e Standardized methodology

e Cross-functional improvement
groups

e Cutting-edge expertise and high-
tech tools

* Continuous connectivity and
decision support
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Improvements in one of our collaboration contract

Dplanerad stopptid pga lagerskador PM2 tom 2024-09-16

~IF 1 As II_ Iu IA -
2012-2016 201 20148 2018 2040 2021 2022
B Stoppumma B Stopptitfallen

Unplanned stops related to bearing performance issue
Blue = number of hours
Orange = number of unplanned downtime

AUES

Since the SKF collaboration started in 2019,
unplanned downtime for bearing replacement
has decreased to “0”.

2 production records in 2022
O (zero) unplanned stops since Dec-22.
20% fewer planned stops

Reduced need of components



SKF
Our service agreements:

Increased production due to reduced
unplanned stops

Improved product quality
Reduced maintenance costs

Increased number of hours available for
proactive maintenance activities

Skills / knowledge developing

Improved quality of data to be used for
continuous improvement

Improved control over asset status and
operations, resulting in improved
production planning

Improved personal security

Realized savings and customer value




Working methodology for vibration monitoring

Preventive &
Predictive

Remote Feedback & .
Coll:l)eaéfion Diagnostics & ‘ Prioritization Maintenance
Reporting Meetings Deferred &

Corrective | ‘
Maintenance /°




Contract Setup and Organization

SKF & Customer
Steering
Group

il

u‘ Improvement

Defect Elimination
1 Group

Improvement Projects

Bad Actor Management

~ _

Preventive &

Predictive
bata " DiaRrewgls?tJi[ss & FERLIgRE & Haintenance
Collection gnost Prioritization Meetings —
Reporting Deferred &
Corrective

Maintenance

(T TS



Preventive maintenance
CoMo concept




SKF
Questions before. .....

1. What do you need from Condition Monitoring ?
2. Goal in implementation of concept and technology.
3. Do you have budget to implement it ?

4. Value from CoMo implementation ?



Ol

What is Condition Monitoring?

Condition Monitoring depends on the
measurement and comparison of parameters

which are indicators of the condition of key l
equipment failure modes.

\

'S
o
L=

]
o
ha

Parameter Value
~

The general procedure for data collection is
to take measurements and compare them to
historical trends or other data (e.g FFT)
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Scope of Condition Based Maintenance

Building /
Structure
Resonances,
materials,
composition, etc.

Pipework/

Ancillaries
Inlet, exhaust, water,
heat exchanges,
cooling, valves,
condensers, etc.

Lubrication
Qils, greases,
hydraulic fluids,
powders, water
lubrication, etc.

Control Systems
DCS (Distributed control
system), mechanical,
electrical, pneumatic,

hydraulic, etc.

Performance /

Normal Settings

Speed, pressure,
load, temperature,

noise, vibration, etc.

Inputs Outputs
EIz::(tmecr::EI‘Ip;:jer, Work, power,
supply/demand Machlne Drw_'er(s) Coupling Driven Component(s) |__ thrust, product,

. Turbine, fan, electric motor, c . ] etc.
hydraulic, steam, . : . Coupling Rotor, generator, turbine, ]
L reciprocating engine, i
air, wind, hydro, comn type(s) fan, pump, compressor, |
pressor, transformer, : - -
etc. ot (if applic.) motor, gearbox, etc.
\_ Environment
Mountings (if applicable) Mountings (if applicable) Weather, wind,
Personnel temperature
0=t g Structure / Foundation (if applicable) rain, altitude,
e Material, stiffness, flexibility, resonance, fatigue, thermal expansion etc prgs_s-‘. o
training, etc. ' ’ 1y, , tatigue, P humidity, etc.
. CM Techniques Data : Adjacent Protection
Location & (existing and future) CMMS (Computerised Machines Systems
Accessibility existing and tutur maintenance management i y
Visual inspection, vibration, : Vibration, Overspeed,
SR EEEE, tribol thermograph system), baselines, beats, noise current, voltage
noise, heat, etc. ogy. grapny, acceptance records, : ’ ’ g€,
acoustic, performance, etc. post installation trials, etc thermal, etc. earth, etc.

Source: THE BRITISH INSTITUTE OF NON-DE STRUCTIVE TESTING

Factors influencing
condition based
maintenance and
diagnostics

Ol
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Condition Monitoring as part of Maintenance Strategy

Run-to-failure

Large inventories, machines that cost more to maintain than replace
Preventive

Oil changes, scheduled activities

Condition-based

Trending, determine the current condition of machinery as it runs, in order to schedule necessary repairs on a
timely basis

Proactive

Eliminate or reduce the sources of failures through craftsmanship and the use of the highest quality components
and parts, root cause correction, continuous improvement



More to define in Condition Monitoring

N NS

©® N o o M D

Condition Monitoring Programme
Equipment/ Asset Audit

Reliability & Criticality Audit

Range of Condition Monitoring Techniques

Condition Monitoring Techniques
1.

Human Senses
Performance Monitoring
Corrosion Monitoring
Motor Current Monitoring
Thermal Monitoring
Tribology Monitoring
Acoustic Emission
Vibration Monitoring

6. Measurement Intervals

Ol



SKF
Condition Monitoring decisions

ZaR 4

What machinery do | What measurements do | How often do | perform What type of PdM
monitor? perform on the selected the selected equipment do | monitor
machinery? measurements? with?



What machinery do | monitor?

Assesment

Criticality Level

Medium Risk

Ol

Aspects and Consequences to be Assessed

SHE /HSE

H2
Failure involves risks
and results in
reportable events with
improvement actions

Quality

Q2
Failure results in a
product with
specifications deviation
but in acceptance
ranks

Occupation Rate

02
The equipment is
operated by shifts and
has a replacement
equipment

Production
Opportunity

P2
A failure in the
equipment results in a
partial stoppage or
production speed
reduction

Frequency of
Failure

F2
The equipment has
occasional failures with
programming of
corrective measures

Related Costs

C2
The failure results in
high/moderate repairing
times and
high/moderate related
costs
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What measurements do | perform on the
selected machinery?

Vibration or nothing more ?

Goal of measurements

e Information about level or understanding problem

|s it applicable or not ?
 Access

« Time

« Cost/Value

Nothing more ?
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How often do | perform the selected
measurements?

Resistance to Failure

Point where

fault occurs | [ Changes in vibration

P-F interval 1-9 months

Wear Debris in Qil
P-F interval 1-6 months

P = Points of Fault Detectability by Technique Pm

F = Failure

IR Thermography

P-F interval 3-12 weeks

Quantitative PM
P-F interval 5-8 weeks

Audible Noise
P-F interval 1-4 weeks

Heat by Touch
P-F interval 1-5 days

Key: Resistance to Failure

Reduced I:l

Acceptable I:I

Time —

Low / Poor l:l

Lead time to failure (LTTF)

o LEIE
60 < '
s |
S 40 / \
3 1
R £ 2 :
Fo I anh
S i g S0 Gy G S G ¢
0
Time —
Monitoring Frequency
e Quarterly Month 2 Weeks 1 Week Daily On Line
Failure
> 1 year v v v v v v
> 6 month v v v v v
> 2 month v v v v
> 1 month v v v
> 1 week v v
> 1 day v

Source: THE BRITISH INSTITUTE OF NON-DE STRUCTIVE TESTING



Wireless technology
ISO standard



Why FFT or not only total trend value

Sensor

OK

=

RAW data
transfer path

-

Converter/process
of data

Ol

Report

Grafical Analyze
presentation
Not OK
MMfs oyt
_—7—f_4__
{ | D_————‘__d_ -




S5KF
Why FFT or not only total trend value

Sensor RAW data Converter/process Grafical Analyze Report
transfer path of data presentation

Unbalace Loosenes Misalignment Excessive Clearance
| S a " Fault
| muaDE pass Freq

szszsz
)

20 X RPM - SYNCHRONOUS HARMONICS

I | | | | | mmis ove

0 100 200 300 400 500 600



|ISO standard. 10Hz — 1kH (600 rpm — 600 000 rpm)

Spectra - Horizontal
2ZMAB\ZMAB\Zinkg \Anrikning
2020-12-11 00:00:31; Speed: 774,5 cpm (Motoraxel: 774,5 cpm)

mm/s rms

Spectra

Sensor

m

\06KVO1

— Motor DSH Vel 2,85 mm/s rms

RAW data
transfer path

mp

\06KV01 Motor M1\Motor DSH Vel\

Converter/process
of data

A

- Axial

120 140 160 180

200 220 240 260 280
Hz

ZMAB\ZMAB\Zinkgruvan\Anrikning\Kvarnhall\06KV01 Stenkvarn\06KV01 TrillaM1\Trilla DSA Vel\
2020-12-11 00:01:10; Speed: 775,4 cpm (Axel Trilla: 112 cpm)

mm/s rms

0,50

300 320 340

360

380

0,45 ]
0,404
0,354
0,304
0,25

0,204
0,154

0,10

-
I

0,054

0,00

0 5

D

Grafical
presentation

El. Motor 1500 rpm (25Hz)

Pinion 120 rpm (2Hz)

m

Ol

Analyze

Report

Spectra - Vertical
ZMAB\ZMAB\Zinkgruvan\Anrikning\Kvarnhall\06KV01 Stenkvarn\06KV01 Kvarnlager UTM\Kvarnlager UTMV Vel\

2020-12-11 00:07:48; Speed: 10,52 cpm (Axel Kvarnmantel: 10,52 cpm)

Pinion

(=_Kvarniager UTM V Vel 0,656 mm/s rms)

0,50

0,45

04048

0,354

| I Horizontal mill 18 rpm (0,3 Hz)

El. Motor

0,25

mm/s rms

0,20
il

0,15

0,10

0,05 | [

0,00 4=




Handheld - Offline Wireless - Online Wired- Online
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Selecting the right tools for

Tlmef::ur\:::hme e Machine Protection Systems t h e j O b

>1s

Select the right condition monitoring
System Solution solutions based on the asset criticality and
failure mode detection horizon

Failure in months to years Failure in days to weeks Failure in hours to days
Numerous assets Constant loads and speeds Variable loads and speeds
Periodic measurements Periodic measurements Continuous measurements
Weekly or monthly data Daily or weekly data Seconds to minutes data
Operator inspections Export to DCS Import/export to/from DCS

Low-criticality assets Semi-critical assets Critical assets



<

Technology to
cover needs




Periodic or Continues Condition Monitoring

DATA
ACQUISITION

DATA ANALYSIS
AND VISUALISATION

[eorehe

< Wl R

SKF Enlight Centre
b et 5 DL

Sk

SKF @ptitude
Observer software

REPORTING THE
ANALYSIS RESULTS

CORRECTIVE ACTION
AND FEEDBACK

.
[O-8\
v Al

C=¥

Ol



Simplified machine health monitoring

DATA
ACQUISITION

DATA ANALYSIS
AND VISUALISATION

...............

REPORTING THE
ANALYSIS RESULTS

AO

CORRECTIVE ACTION
AND FEEDBACK

-
B~
e al
o
3,

=E(O)=

SakF
SKF @ptitude
Observer software

v

Ol



S5KF
Portables: SKF Enlight ProCollect

T —

4
-
v

e _

Periodic data-collection
— Rugged Quickcollect hand-held wireless sensor.

e

Condition indicators
— Machine vibration, bearing condition, temperature
— Trends, time-waveform, spectrum

Operator inspection rounds
— Replace paper log-sheets and enhance with condition
indicators

Mobile tablet/phone operation
— App connected to cloud-based software



Portables: SKF Enlight ProCollect

Data

15:10 + 08%

Live reading Settings
VELOCITY

& 4.406 (mm/s)

I 4.

0 4.5 71 9

Pl

ACCELERATION ENVELOPE

@ 2357
\ 3788 11.33 15

TEMPERATURE
& 2505°C
— —

0 T2 82 103

Collect measurement

1 Sensors

Detection

wil EE = 15:10

{ Livereading  Snottings

MACHINE ID
Fan-2V
THRESHOLDS
Velocity (mmy/s) >
o Danger 71
Alert 4.5
Enveloped acceleration (gE) >
o Danger 11.33
Alert 3.788
Temperature (°C) >

Cancel

Machine size: Large
Machine type: Rigid

Temperature: 29.65 °C

Measurement time: 02 Jul 2019 15.54.51
Sensor used: 1811005

Unit: Metric

Serial number: 1811005

Bgm113 Revision: 36210

mk24 Revision: 51001

Bearing designation: Skf 123-456

E

Fan-2V_St...ood_gE.csv

E

Fan-2V_Sta...Velocity.csv

Inform

t: SKF ProColledt Status: Good
(Machine-ID: Ran-2V)

SKF ProCollect Status: Good
(Machine-ID: Fan-2V)

Machine ID: Fan-2V

ISO (Vel): 2.66
Bearing (gE): 0.19

Bearing bore size (mm): 50.00
Rotational speed (rpm): 3000.00
Machine size: Medium

Machine type: Flexible

Temperature: 30.79 °C

Measurement time: 02 Jul 2019 15.11.01
Sensor used: 1811005

\

Diagnosis

Ol
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Portables: SKF Microlog Analyzer dBX

Periodic data-collection
— Rugged wired sensors and Microlog vibration analyser.

Condition indicators
— Machine vibration, bearing condition, speed, phase
angle, temperature.

Analysis data
—  Multi-channel, trend, time-waveform, spectrum,
waterfall, cascade, bode, orbit.

Condition monitoring specialist tool
— On-site analysis and trouble-shooting on all asset
classes
— Software support on-premises or cloud.

Large screen.
Fast measurements. |
Easy to use. |




Portables: SKF Microlog Analyzer dBX

3 Trend
Pier 4 \NW A EN3
Pier 4 \ NW AA EN3, Amp: 0.03879, Speed: 6499, Date/Tume: 4252006 4:52:31 PM
N —T

Periodic data

Py
P £ N A NS, 572008 1.25.48 AN Tromd Oveeslt £1368 55

73
=l
65 | #

Z s
55
s
45
4
0s

|
|
|

5 04 ||

|
1
1
1t
0
4192006

6/182006 8/17/2006

Anomaly detection

Feedback

Ol

Diagnosis



Wireless: SKF Axios

Simple, wireless,
and scalable end-to-end
predictive maintenance

Hourly data-collection
— Rugged adhesive mounted wireless sensor.

Condition indicators
— Machine vibration, temperature
— Trends

Anomaly detection
— Low criticality assets
— Historically unmonitored assets

Mobile tablet/phone operation
— Supervised machine learning and/or ISO velocity
thresholds
— Cloud-based software

powered by aws

La ] <1 o



SKF
Wireless: SKF Axios

Anomaly detection Oil pump

Vibration RMS Velocity (inch/s)
0.500

Hydraulic pump

No failurefletected

Vibration RMS Velocity (inch/s)
0.500

@ Atter Jll choose Subenit, SKF Axios stops sending sterts

tasedfih 150 thresholds

0.400

Mar 23 Mar 25 Mar 27 Mar 28 Mar 31 Apr 2 Aprd
12:00 AM  12:00 12:00AM  12:00AM 12:00AM 12:00 AM 12:00 AM 12:00 AM 12:00 AM

Alarms based on ISOffthresholds are stopped. Learn more [4

0.300

0.200

0.100

0.000
Mar 29 Mar 29 Mar 30 Mar 30 Mar 31 Mar 31 Apr 1 Apr1 Apr 2 Apr2 Apr 3
12:00 AM 12:00PM 12:00 AM 12:00PM 12:00 AM 12:00PM 12:00 AM 12:00PM 12:00 AM 12:00 PM 12:00 AM

Alarms based on 1SO thresholds are stopped. Learn more [4

Hourly data

Feedback



Wireless: SKF Enlight Collect IMx-1
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Hourly & periodic data-collection
— Rugged stud-mounted wireless sensor.

Condition indicators
— Machine vibration, bearing condition, temperature
— Trend, time-waveform, spectrum, waterfall.

Automation of manual routes
— Vibration analysis routes
— Inaccessible locations

Condition monitoring specialist tool
— Anomaly detection and diagnostics on semi-critical
assets such as large fans
—  Software support on-premises or cloud



Wireless: SKF Enlight Collect IMx-1

Aree

G — Gverst Li0i wrs v Seeevn o
04 CHIB-T 20 € M OTIISE PE I Com

Velocity RMS alarm

Detect|0n thresholds

AN

Trend (7.3.2022 13:08:37 )

(v — Overall 0,554 gE [v|¢ S)\ctra v/ ® Notes v v/® System log )

6,0 \ Data after mainttence

5,0 4

gE

: ok TIYINL b
9 Iy v Ny am

1,0 4 : o= e / L Tad /4*'\ —

0] Lubrication Maintenance

- T - - - T - - v T - - T - - - T
23.7.2021 0:00:00 21.5.2021 0:00:00 20.11.2021 0:00:00 19.1.2022 0:00:00 20.3.2022 0:00:00

Spectra - Horizantal

27.11.2021 13:08:20; Speed: 1388 cpm (1X: 1388 cpm)

1.0 3
ossd =

oesd =
asd =

ESEEEEse=sT

‘WJ‘!MLM A2 NW&MJHM“L@WNMMM

XA
e
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Wired: SKF Multilog IMx-8/16
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Advanced parallel data acquisition
— Continuous measurements
— Adapt for variable speeds and loads

Condition indicators
— Machine vibration, bearing condition, speed, phase
angle, temperature.

Analysis
— Multi-channel synchronous measurements
— Trend, time-waveform, spectrum, waterfall, cascade,
bode, orbit

Challengmg applications
Wind turbines, rolling mills, marine thrusters, conveyor
drives, paper machines
— Advanced fault detection and diagnostics
— On-premises or cloud
— Connection to DCS



Wired: SKF Multilog IMx-8/16

Auto-detection Feedback

Details Company 1%Wind Park 1%Section 1%WT 2\H55/IMS ENV3 (high class)\

Date/Time Machine/Sub machine Meas. pairt

2014-10-10 04:01:39 WT 2
[ 2014-03-26 17:01:05 WT2
@ 20131241313:2534 WT2
E3201309-22 13:41:04 WT2
B 201301-29 03.00.09 WT 2

Ol
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SkKF

000000—+
000e-0

9—-000+
\

Inform

10 — |
A A A | A
0 ;
o 4% indication
10
d; . . -
3" indication \ Bearing replaced
e (2014-08-30) "
1% T s = B i .
o 2" indication _ 00+
.
iow NA®
€ : >
£ 10
% 2 g : :
fw 1stindication — |
» {2013-01-29) \ L . ‘
N ¢
@0 —- —
. | ve
> — A R
2 « »
10
.
1
Title Value % Status Reason Acknowledge date  Signature
HS5/IMS ENV3 fhigh class) Bearing IMSgs2 62,965  MN/A  Protean alam
HSS/IMS ENV3 thigh class) Bearing IMSgs2 130,186 MN/A  Protean alam
HS5/IMS ENV3 thigh class) Bearing IMS gs2 125266 MN/A  Protean alam
HS5/IMS ENV3 fhigh class) Bearing IMSgs2 84672  N/A  Protean alam
HS55/IMS ENV3 thigh class) Bearing IMS gs2 54,415 M/A  Protean alam U—J— ,&IJUV_L Lﬁl" U UJ—U-U—UV
> T 7 [ ll i \J
“
=
-
[
> |
!
o 2012-02-11 00:00:00 2012-08-11 00:00:00 2013-02-09 00:00:%0 2013-08-10 00:00:00 2014-02-08 00:00:00 2014-08-09 00:0\ Nl71-07 00:00:00 2015-08-08 20:00:00 2016-02-06 00:00:00 2016-08-06 00-00:00 2017:02-04 00:00:00
Oate/Tieme

\Y

Data

Auto-diagnosis



Wired: SKF Multilog IMx-M

89-MMC-02
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API-670 machinery protection
— High channel density racks
— Reduced cabinet footprint

Condition monitoring
— Advanced multi-channel parallel data acquisition
— Variable speeds and loads

Condition indicators
— Radial vibration, axial position, speed, phase angle,
temperature

Analysis
— Multi-channel, synchronous measurements, trend,
time-waveform, spectrum, waterfall, cascade, bode,
orbit

Complex projects
— Greenfield contractors deploying across all classes of
equipment from pump systems to turbo-machinery



SKF
Wired: SKF industrial sensors

 Garbage in = garbage out
* Vibration: acceleration, velocity, displacement

 Temperature: dual vibration + temperature, PT 1000
thermocouple

* Application optimised: complex specification selected
with SKF experience from reliable suppliers

* Piezo-electric technology: industry-proven sensing
solution over wide range of frequencies and
environments. MEMS technology still in infancy.

* Eddy Current Probe technology for machine protection
systems




SKF
Software solutions

On cloud

Software application and database installed locally Software application and database installed on
internet-based host: e.g. Amazon Web Services

Capability - and need - to manage installation, No customer capability - or desire - to manage
upgrades, and database maintenance on-site installation, upgrades, and database maintenance.
Data secured and shared across the internal network. Data secured and shared across the internet. Enable

No internet connection permitted or possible benefits from economy of scale
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Software: SKF @ptitude Observer

* Expert diagnostics and analysis
— Used with IMx-1, IMx-8/16, Microlog

e Detectissues
— Auto-detection & machine learning
— Manual alarm & event log.

e Diagnose issues
— Automated rule-based Al methods
— Manually with multiple complex vibration analysis plots
and trends.

e Share data and results
— Plant data historians (OPC-UA)
— External corporate dashboards
— Maintenance management systems




S5KF
Software: SKF Enlight Centre

* Non-expert cloud-based visualisation
— Used with QuickCollect and ProCollect

e Detect issues
— Auto-detection
— Manual alarm & event log

 Diagnose
— Manually with vibration analysis plots and trends

e Share data and results
—  Cloud-to-cloud
— Maintenance management
— Corporate dashboards




Connection to external dashboarding

Refine By
4 Types
APIs
Products
 Categories

All

Partner

m o

API| Developer Portal - Development Environment

Discover, consume and monitor APIs from SKF APIs

kspace  Test Console

| Enlight Hierarchy]

x Q|

1 Result

o@ Enlight Hierarchy
Description: Enlight-Hierarchy
Enlight application. The data is
customer in the AP| request. B
Systems Functional Locations

Found In: Pricing and quotation

dx USers

using Maﬁy" ;

service

evelopers.

change

Best l \ I
need
Informatior

code

practice

w time

Web

standards

one
others

akF

Q API References

Icompany
Retrieve Company details from Enlight Hierarchy

Isites
Retrieve Site details from Enlight Hierarchy

Iplants
Retrieve Plant details from Enlight Hierarchy

Isystems
Retrieve System details from Enlight Hierarchy

IfunctionalLocations
Retrieve Functional Location details from Enlight Hierarchy

lassets
Retrieve Asset details from Enlight Hierarchy

Details

Try out

Try out

Try out

Try out

Try out

Try out

Code Snippet

Code Snippet

Code Snippet

Code Snippet

Code Snippet

Code Snippet

3 ||||||||
QO

X,

3
o@"ll

Ol
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gE PtP

1,5

4,5
4,0
3,5 1
3,0
2,5 ]

2,0 ]

1,0
0,5

0,0

JJU‘,\‘LL.II\“«LwlL s

“wwm ST J,Jrl.lﬁl'll_»f

il
I . thl,]
‘II "f'{‘.l rﬁmklp'ur]\r“ﬂ

odlﬁo |

T T T T
2020-08-01 00:00:00 2021-01-30 00:00:00 2021-07-31 00:00:00 2022-01-29 00:00:00

G

D

:::::

eeeeeeee

Datamangd per dygn for en pappersmaskin

Trendvarde

- Fyraolika trenden per givare
- Trendvarde var 15:e minut

- 72 000 trendvarden per dygn

Spektrum
- Fyra olika spektrum per givare och

dygn
- Totalt 3000 per dygn

Tidssignal
- Fyra olika spektrum per givare och

dygn
- Totalt 3000 per dygn

Ol
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Protean

* Oxford languages: "Able to
change frequently or easily”

« Automatisk, sjalv-justerande
diagnos som foljer specifika -
frekvenser

N M\Ww/

20 ..4\]\»../‘/\,4/1‘ B e Y U U UV SV NUET e S U SO VY Sy GO | 0 Sgy o) /

, i [l [ \ ]
2020-11-25 00:00:00 2020-12-25 00:00: 21-01-24 00:00:00 2021-02-23 00:00:00 2021-03-25 00:00:00 21-05-24 00:00:00 2021-06-23 00

2021-04-24 00:00:00
Datum/Tid

5
R
w
@
°
g
2
g
8
N
=
&
3
™
i

Lager protean Vaxel protean

L -0 1“
e0- @#

Obalans- och uppriktnings—protean Anpassad-protean antal
hlad




Example: Bearing defect in a wind turbine gearbox

Progrestion Index

8 (2013-01-29)

A

4t indication

A

3 indication e e
2" indication \ ‘

- 1stindication

} A A

|
|
|
!

Bearing replaced
[ (2014-08-30)

i

. Details Company 1%\Wind Park 1%.Section 1"WT 2\HS5/IMS ENV3 (high class)\

il s ,

Ol

Reason  Acknowledge date  Signature

. Date/Time Machine/Sub machine Meas. point Title Walue A Status
74 | 2014-10-10 04:01:39 WT 2 HSS/IMS ENV3 (high class) Bearing IMSgs2 62,963  N/A  Protean alam
6 | E 2014-03-26 17:01:05 WT 2 HSS5/IMS ENV3 fhigh class) Bearing IMSgs2 130,186 N/A  Protean alam
5 | B 201312113 13:25:34 WT 2 HSS/IMS ENV3 (high class) Bearing IMS gs2 125266  N/A  Protean alam
¥ B 20130922 13:41:04 WT 2 HS55/IMS ENV3 fhigh class) Bearing IMS gs2 84,672  N/A  Protean alam
= . | B 2013-01-25 03:00:09 WT 2 HS55/IMS ENV3 fhigh class) Bearing IMS5 gs2 54,419 N/A  Protean alam
0 —l 2
\ 1 ===l [ | |
I 1 [TTLLL (RIEE. i W LT 1 '
r N f 1

2 u .r | = | L

l 1| '] |

-4 R "

-

3
7
-8 T

2012-02-11 00:00:00 2012-08-11 00:00:00

2013-02-09 00:00:00

2013-08-10 00:00:00

2014-02-08 00:00:00 2014-08-0% 00:00:00

Oate/Tene

2015-02-07 00:00:00 2015-08-08 00:00:00

2016-02-06 00:00:00 2016-08-06 00:00:00

2017-02-04 00:00:00
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The importance of the right input



The importance of the right input

=

March 2021 —T
. I rd“w

oo _‘Ju'uit.'.wmuuh *"“"

gE PtP

st

T T T T r r T T T T v T T
2020-08-01 00:00:00 2021-01-30 00:00:00 2021-07-31 00:00:00 2022-01-25 00:00:00

With the not right bearing designation, the bearing
defect was detected in March 2021.

With the correct bearing designation, the
development could have been detected in June
2020, i.e. approx. 10 months earlier.

Ol

ate !!!!!

rogression Index )

il

21-03-25 00:00:00
Date/Time

2022-03-20 00:00:00
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Report process

Step 2.1 Confirm receipt

Exempelpapper AB / Gothenburg / PM 1
/ 3/7/2023 | 3653

/ Drying groups / TG1 /

. iz = sz i
b = =1 =1 et bt

=

- e v g
[, sTmmARam Sawdrmess TrE—_"

ey Sevdl numier
C S sem

= =
anprg groupe

[P ————

e

= =
ca e o
e Pwelbomecwesnts Semer

i egia

L
B ITITTERIRTM Pk Kemeows: G meieme o Selioeism

a1 3w

Step 2.1 Confirm receipt

Exempelpapper AB / Gothenburg / PM 1 / Drying groups / TG1 / Motor / Bearing Defect

/ 3/7/2023 / 3653

Steg 1.1 Steg 12 Steg 2.1 Steg 22 Steg 2.3 Steg 3
Skapa/uppdatera Granska Bekrafta Besluta om Dokumentera Verifiera
arende atgard utford dtgard atgard

Steg20
[ Invanta Steg 4
atgardsforsiag

4. Hide overview

¥ View previous messages

Fritext 3/7/2023 2:1420PM  Piotr Korzunowicz Step 1.2 Review case

Cre al
Piotr Korzunowicz 3653

2021-04-15/ 2445

con
Free text (only hire)

h spektral png

88}

Exempelpapper AB v 3/7/2023

Gothenburg PM 1

S -

Piotr Korzunow

Drying groups
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Exem|

E-pos|

Free t| e

n spektral png




Rotating Equipment
Performance

<
e

Condition
Monitoring &
& digiltation

'& Ol

Unacceptable Assets Satisfactory, Unsatisfactory & Unacceptable Assets Impelmentation Ratio

83 337

Asset Health Statuses
® 0K

252 ., 3 ® Undetermined 50%
120 (2%) —(f}%) (O%) @ Satisfactory

@ Unsatisfactory
® Unacceptable

Breakdown
0%

@ Open @Closed @ Implemenation Level

Deviations by Criticality

Not Defined
High
Medium |
" 5908 (92%) 0 50 100
(O ——————————— )
@ Undetermined @ Satisfactory satisfactory @ Unacceptable © Breakdown
Reg. Date  Plant Functional Location Asset Criticality Asset Health Fault Status Date for Work order ~ Statusld
N correction Select all
2.0
Malmhamn 01TROO1 Transportér 01TROO01 Bryttrumma 1 (#76) Undetermined Blocked access to 2.2
C d t M t . objects 2.1
ondition Monitoring . : ‘ M 22
A . Malmhamn 01TRO01 Transport6r 01TRO01 Bryttrumma 2 (#77) Undetermined Blocked access to 22 23
objects .

& digitization M 50

Malmhamn 01TROO1 Transportér 01TRO01 Drivtrumma Undetermined Blocked access to 22
objects 40

09/03/23 Malmhamn 01TR0O01 Transportdr 01TR001 Spanntrumma Undetermined Blocked access to 22
objects

01/02/23 Malmhamn 03TR0O02 Transportér 03TR002 Andtrumma Undetermined Blocked access to 22
objects




Rotating Equipment
Performance

)

Condition
Monitoring &
& digiltation

Condition Monitoring
& digitization

Effect and Priority

Actual Status

Open - 98 cases

Fault Correction Effect

100

Closed

brrection Effect

Closed YTD All Events

Events Severity Distribution

M I
. | [F—

387 cases

Events Severity Distribution

Events Priority Distribution sorrection time

10

. -III
o 5

Events Priarity Distribution

100

Correction time

400

akF
Asset Health Statuses
80K
@ _NotOK

60—,

®_Inves

Asset Criticality

Asset Criticality




Rotating Equipment
Performance

Condition
Monitoring &
& digiltation

Fault Distribution and Action Management akF

Closed - 365 cases Total

actual  closed Al : Fault Typa Fault Type
Status Yo Events

Open - 89 cases

Unaccepta ble
Agsats

Under
Imeesticat ion

Specific Bearing Fault

| I S — — —
. BRFO BFFI

BPFD BPFI/ BFFO EPFO / BPFI FTF

Undetermined

Satisfactory
Unzatisfactor,

B rea kdowen

Recommended actions Recommended actions

200

e = EC] Inspect &

I 3
zensor  czble  beari

Planned actions

Condition Monitoring
& digitization

2020




Rotating Equipment
Performance

Condition
Monitoring &
& digiltation

. Uppdaterad senast
Rapporterade avvikelser s 08 31 El K F

Filter Totalt antal drenden Antal Bppna drenden Antal obs drenden | Antal stingda drenden | Antal 6ppna systemfel Antal skapade AO Antal AO per drende

f\nléiggning, Maskin, Asset 107 24 9 8 3 1 88 90 %

Antal arenden dver tid och anlaggning Fault Type

Plant.namn @FM4

Instrumentation Sensor P.
Ar, Manad, Dag Im;::::;_: ring S
: (Blank)
2019
2020 Antal avvikelser dver status
2021
2022 Step 40
2093 Step 2.3

Fault type

Bearing Defect
Condition Monitoring System Pr...

rack
Priority Detaljer

Registered date Plant FLOC.namn Asset.name Located on Fault type Recommended actions.name Work order
object
position

30/08/23 Ledvals 744-630 112 (VT4270) (504mm 23224) Rotafing Looseness

CO N d 1t1 on |V| oni to rnn g status 20/04/23 Ledvals 744-631 115 (VT4317) (504mm 23224 Bearing Defect
& d s epc . Step 2.0.Wait for action propos... 10/03/23 Ledvals 744-2005 103 (VT4527) (610mm y Bearing Defect ari SB 714896
1g]tlzat10n Step 2.2.Decide on action

10/03/23 Ledvals 744-2205 108 (VT4211) (504mm ) 2 Bearing Defect Remedial action not required yet

23/02/23 Ledvals 744-622 000 (WT4323) (504mm 23224) 0 Instrumentation Sensor  Check cable 5415348
Step 4.Archive Problem

Step 2.3.Document action perf...

3/02/23 Ledvals 744-622 000 (VT4323) (504mm 23224} 0 Instrumentation Sensor  Check sensor condition 6415948
Problem

3/02/23 Ledvals 744-622 000 (WT4323) (504mm 23224} 0 Instrumentation Sensor : a 5415548




Rotating Equipment
Performance

Condition
Monitoring &
& digiltation

Condition Monitoring
& digitization

Filter

Ar, Manad, Dag

e {Blank)
2019
2020
2021
2022
2023

Fault type

Bearing Defect
Bearing Defect BRFO

Condition Monitoring System Pr...

Crack
Gear Backlash

Priarity

o a8

O———O

status
Arkiv
Step 2.0.Wait for action propos..
Step 2.1Confirm receipt
Step 2.2 Decide on action
Step 2.3.Document action perf...
Step 3 Verify action
Step 4.Archive

Rapporterade avvikelser

Anliggning
Fettsmdrjsystem KVARMHUSET

Antal Arenden >1

M2

PM3
Fettsmdrjsystzm

KVARNHUSET

Count of id by Section

DRYING GROUF 1-5*

DRYING GROUPS

PRESS PARTY

VIRAPARTI

\RNAR

Uppdaterad senast
2023-08-31

Fault type

Totalt antal drenden by Maskin and Typ av avvikelse
Typ aw awvikelse

Defect

Defect BPFO

dition Manitoring Systam._..

i Gear Backlash

@ Imbalznce
@ Instrumentation S=nzor P
[ ] lubrication pressure (52...
Mechanical Load Abnormal
Calibration
ting Loossnsss
@ Undstermined

20

- Totzlt ntal Sranden

Top 5 Rapporterade feltyper

Rotating Loosensss

Bearing

Instrumenta

Vibration Abnormal

Low lubrication pressure (52...

Imbalance




Rotating Equipment
Performance

. Uppdaterad senast

Timeline of Top 10 Assets with "Defekt lager" Cases (2020-2023), Highlighted < 60 Days Response

755-019 Nosvals bottenvira (990 mm, 23234CC) e o eces
755-083 TC 13 (1830 mm, 23048CC)
755-1459 TC 15 (1830 mm, 23048CC)
755-087 TC 40 (1830 mm, 23048CC)
755-084 TC 19 (1830 mm, 23048CC)
755-033 Brostvals (990 mm 23234CC)
755-1829 TC 9 (1830mm, 23048CC)

755-085 TC 25 (1830 mm, 23048CC)

Condition Monitoring
& digitization

755-084 TC 16 (1830 mm, 23048CC)
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ADD Power Bl dashboard —

Steq 2.0. Bevaka Steg 2.1 Bekrafta Steg 2.2. Besluta Dokl entora Steg 3. Verifiera S

@ S s
. . mottagande om atgard utford atgard atgérd

T T A B B graphic overview of all
ADD-Avvikelser Eve ntS

8/2/2023 B  9/25/2024 B

 Reported Case Overview on
machine

PM8 PMB

@Online @Lager @Vals @Tacho @Lagerhus @Axel 1 @Vaxel
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ADD Power Bl dashboard —

8/2/2023 B 92512004 B Steg 2.1 Bekrafta Steg 2.2. Besluta 1l Steg 3. Verifiera

9
. ‘ Steg 2.0. Bevaka mottagande om atgard liolfx:‘;néen era

of © T T T T T } graphic overview of all
ADD-Avvikelser | Events

atgard Steg 4. Arkiv

 [nformation about the
reported event is displayed

T when you click on the
&1 g gl colored asset

. 7
e

Azset TCS
Subcategory Vals
Rekommenterad atgard Byt ut skadade komponenter / Kontrollera

@Online @Lager @Vals @Tacho @Lagerhus @Axel 1 @Vixel

W lagrens tillstand / Dra at fastelement / Dra
at losa bultar
Status  Steg 2.2
Besluta om atgard
Var pa asset? DS




BEEE
| Maskin || System |
o5 |e 7 |

vvvvv
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ADD Power Bl dashboard —

PM8 Pagaende arenden o mEGE e al RIEISE
| ‘ « | Events

Active Case Overview on
machine
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ADD Power Bl dashboard —
graphic overview of active
Events

Information about the
reported event is displayed
when you click on the
colored asset

Asset  Motor 834
Subcategory Lager
Rekommenterad atgard Kontrollera lagrens tillstand
Status Steg 2.3.
Dokumentera utférd atgard
Typ av avvikelse Defekt lager
Var pa asset? DS
Inskickad datum 5/21,/2024
Planerat datum fér dtgérdande  5/30/2024
ADD Arendenummer 4907
APM AD 32173218
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Contract Setup and Organization

SKF & Customer
Steering
Group

il

u‘ Improvement

Defect Elimination
1 Group

Improvement Projects

Bad Actor Management

~ _

Preventive &

Predictive
bata " DiaRrewgls?tJi[ss & FERLIgRE & Haintenance
Collection gnost Prioritization Meetings —
Reporting Deferred &
Corrective

Maintenance

(T TS
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Questions?
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