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Managing lubrication to deliver rotating equipment performance

How innovative technologies
create value-adding solutions
for industrial equipment,

give competitive advantages

and contribute, at the same time, o~
to a sustainable global society. THOMASFROST

President Independent & Emerging
Businesses SKF
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WHY IS SKF INTERESTED
IN ROTATING EQUIPMENT PERFORMANCE?



The world is changing

The world around us continues to shift

Sustainability, digitalization, electrification, and regionalization
are megatrends forming the future

The landscape is more competitive than ever before. Actors
offering digitalization, connectivity and analysis are
competing with low-cost actors for customer loyalty

To stay competitive, we must focus on understanding and
driving long term customer value




La ] <1 oF

WE ARE EVERYWHERE




)

We have something unique

* Adeep understanding of almost all industrial applications
Close customer relationships
Recognized leader in application engineering and design

100+ years of hard work, innovation, and dedication, has taken
us to a position of strength, a position we now set out to
leverage!
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Bearings and units

SKF’s combined
offering — Clean
and intelligent

Condition manitoring
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How we
contribute
to a better
environment

liablerotation Reduce waste & contamination

:
Carbon neutral manufacturing Support re
‘ ' 2 W I’ _——

e -




How lubrication can contribute
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Our talks and speakers today

) - S

GUILLAUME AMIELIEN ERIKA MORICHETTO PROF. PIET LUGT PASCAL VERHOIE

Industry OfferdManager Head of Global Offer Senior Scientist Manager Sales &Business

Lubrication Management Lubrication Development, SKE RecondOil
Lubrication Management — Lubrication going digital Grease lubrication in Beyond filtering — New
The next step in machine care How digitalization helps rolling bearings approaches for oil cleanliness
Over 50% of premature bearing customers to get the right A scientific excursus Dirty oil is a drain on industrial
failures can be attributed to information about their assets productivity. For equipment that
lubrication. How efficient and how smart technologies requires higher levels of oil
lubrication management improve the usage of cleanliness, in-line filtering might
effectively organizes resources to lubrication equipment and offer not be enough to achieve the
reduce machine failures, new services to customers. necessary performance. How new
inefficiencies, injuries and technology transforms lubrication
environmental impact related to oil from a contamination problem

lubrication. to an ally in reliability.
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LUBRICATION MANAGEMENT — THE NEXT STEP IN MACHINE CARE
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f% The impact of lubrication in a typical maintenance

" /# budget can be small but...
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The importance of lubrication

| Misc. materials

‘ | 12-14%

Labour

30%

O Cost of lubricants in LUbricants }_‘
: 1-3%
the maintenance
O budget
Total
O Maintenance costs malntena nce
influenced by bUdgEt
O lubrication activities

Components
40%

Overtime labour

15%



And the importance of lubrication

i
0

—> Production losses

- Spare part and repair costs
- Intervention time

- Health and safety risks

of premature bearing failure

is caused by poor lubrication
and contamination
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The importance of lubrication

Cost of lubricants in
the maintenance

Lubrication has a direct and profound
impact on key performance indicators

budget
p
* Qutput
v Production < * Quality
Maintenance costs e LoOsses
. N
influenced by p
lubrication activities  Components
v Cost < ¢ Labor

* (Contracts

: : * Health & safety
O of premature bearing failure v’ Compliance ¢ « Environment
is caused by poor lubrication e Product
O and contamination ~ rotHe
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And in some industries...

...of lubrication points are still manually lubricated!



5KF
Sustainability and business impact

Automated lubrication Automated lubrication globally
uses 33% less grease than saves roughly 200 million kg of

manual lubrication grease per annum

Over-lubrication

=» Potential savings:

Optimum

over 300,000 tonnes CO,eq

Under-lubrication

Manual lubrication

Automatic lubrication
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How to ensure lubrication reliability?

..to the Right
lubrication point...

The Right

lubricant ..with the Right

method... ,

..in the Right amount... ..at the Right time...

é
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Correct lubrication can
already be difficult for

Right time A individual points.
’E /Rightlocation &x R’s for th
,(__.__--——nghtlubrlcant > T‘tlsbo-r t-e
2 Ti ubrication
E = “—— Rightamount J

Right method |

The challenge is to do it right
for all points.
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The lubricant life cycle to enable rotating equipment performance

Purchase
Lubricant

_ Storage
Selection

Planning and scheduling

Disposal / Reuse Transfer

Personal Procedure
development

Aoplicati
Monitoring / Inspection pplication

Correct lubrication can
already be difficult for
individual points.

The challenge is to do it right
for all points.

To effectively and
efficiently manage the

lubrication of a factory,
we will start with the
lubricant during its life
cycle.

... and have an eye on
processes, skills and
priorities
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The right lubricant

Lubrication problem for the application

» Grease is not food compatible
. Leakage causes monthly production stops
* High efforts to clean production

The right method, timing

AT e B e

and quantity

4% : . .

‘w* Lossof production due to contamination
1 | Grease and condition
N —— . e Bl Lot g L 3 " | e
L L | RN e Ao monitoring for reliability

Customer value

v' F&B compliance

v No more contamination of the product

v No production stops and cleaning efforts
% v Highequipmentreliability

Sealing to protect against
contamination ingress

New bearing and

installation service

—
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Automotive Paint Shop

CUSTOMER

- — 4 A :
SS¥he 'k 16.000 |ubrication points

) 4 chains

a Z2 2 pendulum conveyors

15years .

chain life =

BENEFITS

~ A

@®, 2000 kg/yr to 750 kg/yr
’

$¢ Cost reduced by > 30.000 €/yr

—

— Reliability.

G’, Longer chain inspection interval f

f9 Increased chain life

Q Higher reliability & quality

/},J—,—,- T e
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LUBRICATION GOING DIGITAL



DIGITALIZATION

CONNECTIVITY
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Just doing it right is not enough...

..with the Right
lubrication connection...
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What is the right steps to enable digitalization?

The right lubrication

Lubrication overview

Remote monitoring & control

.0. Insights and optimization
L
Fact based decision making
..with the Right

lubrication connection... . .
Better environmental impact

Easy and efficient lubrication

Cost reduction

Eﬂﬂtaﬂﬂn



i, i‘,’.

Client needs analysis

Design the lubrication charts
Automatic lubrication system
Connected single point lubr.

Integrated lubrication
management software

More efficient
lubrication

BASED

Service life increase ‘ ’

Lubricant consumption

reduction

4

\?\
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Lubricant
Selection

ﬁ»z

Disposal /Reuse

Monitoring /Inspection

Purchase

~iPace Digitalization helps us to ...
* achieve the right lubrication
make lubrication easy & efficient
LY reduce environmental impact
reduce costs

é - enable a new way of doing

Application
< s BN business
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GREASE LUBRICATION IN ROLLING BEARINGS
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How to ensure lubrication reliability?

..to the Right
lubrication point...

The Right
lubricant ..with the Right

method... - ,

..in the Rightamount... ..at the Righttime...

T~ —

Lubricant selection Grease life/relubrication intervals

Y



Main task of a grease is to provide a thick enough lubricant film: seE

Elasto-Hydrodynamic Lubrication




Film thickness is smaller than “oil film thickness”: starvation

== PU/E-5balls
4B PU/E-10balls
& Li/M-5balls
=144 Li/M-10balls
g LiC/PAO-5balls
o 12 LiC/PAO-10balls
3 .. ] PU/E-10balls-PC
£ Li/M-10balls-PC
E agd LiC/PAO-10balls-PC
:9_, . Power fit (y=8.294*10"*x ")
N 06 R? accuracy=0.905
0] 4
€ 04- o JAN - -
- | '
024 —————rTT———T7- O & .
O'O""l‘"“l""l""l""l
0.0 2.0x10* 4.0x10* 6.0x10™ 8.0x10™ 1.0x10°

Speed (m/s)*Viscosity(Pa.s)*Half-contact width(m)

H. Cen and P.M. Lugt. Replenishment of the EHL contacts in a grease lubricated ball bearing. Tribology International, 2019.
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Low Speeds

Thickener material travelling
through the contact.
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The mass-balance determining film thickness

Bleeding
due to shear,
centrifugal force,
capillary forces

Source

Roller adhered oil Feed mechanisms

Passes

through Raceway
EHD between

contact
two rollers

e

Oxidation
Polymerisation
Surface spreading
Evaporation (not recyclable)

Loss mechanisms

V. Wikstrom and B. Jacobson. Loss of lubricant from oil lubricated near-starved spherical roller bearings.
Proceedings of the Institution of Mechanical Engineers. Part J: Journal of Engineering Tribology, 21(1):51-55, 1997.
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Feed-mechanisms: grease bleed

Grease = porous medium
filled with oil

70
60}
50} ]
=
= 40! 120 °C }
§ ~1 + 120°C
= 30t | -—-100°CH
o) o 100 °C |
207 g ——- 80°C |
*+  60°C
FOHY o wageed®™ = e 40 °C H
< 40°C
% 5 10 15 20 25

P. Baart, B. Van der Vorst, P.M. Lugt, and R.A.J. Ostayen. Qil bleeding model for lubricating grease based on
viscous flow through a porous microstructure. Tribology Transactions, 53(3):340-348, 2010.

Q. Zhang, F. Mugele, P. M. Lugt, and D. van den Ende. Characterizing the fluid—matrix affinity in an organogel
from the growth dynamics of oil stains on blotting paper. Soft Matter, 16(17):4200-4209, 2020.



Loss mechanisms: oxidation and evaporation

-

Grease
Reservoir

__Vvolume

Free

Narrow gap

\

4

3000 rpm T
#6200 T &
T : Seizure L }
100+ — 50
T
L X
5
E B
= 125°C 100 °C
:% - —
g 50t ¢ 100 °C
= 125°C
<
B R _
i .
%
- . —]
_ _ _ Y — A _:\ M
0 N el VIR s < RS 0
10 50 100 500 1000 5000 10000
Time [h]

H. Ito, M. Tomaru, and T. Suzuki. Physical and chemical aspects of grease deterioration in sealed ball bearings. Lubrication Engineering, 44(10):872-879, 1988.

L.A. Smook, S. Chatra K R., and P. M. Lugt. Evaluating the oxidation properties of lubricants via non-isothermal thermogravimetric analysis: estimating induction times and oxidation stability. Tribology

International, 171:107569, 2022.

P. Shetty, R.J. Meijer, and P. M. Lugt. An evaporation model for base oil from grease lubricated rolling bearings including breathing. Tribology Transactions,64(5):891-902, 2021.

TAN, mg KOH/g
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Mechanical degradation: evolution of consistency

Y. Zhou and P. M. Lugt. On the application of the mechanical aging master curve for lubricating greases to rolling bearings.

International, 141:105918, 2019

Ty [Pa,] at 25°C

60

=
=
T

20 F

10 +

P {9 HEH [ L]

MasterCurve

Laboratory Aging Data

: }

Condition I seal outboard
Condition I seal inboard
Condition 1I seal inboard
Condition 11 seal outhoard

Railway wheel
bearings

10!

I ]I_GI:I

10
E,, [J/mm’]

10°

Tribology

1{:]:{
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Mechanical degradation: evolution of bleed

Lin

Test Temperature, C

—- s S s 100

e 120

—8— Blead Master Curve

® \Validation Data
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- .
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E 2x10
o 5 s
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Adjusted Friction Energy Density (/mm?

A. Akchurin, D. Van den Ende, and P.M. Lugt. Modeling impact of grease mechanical ageing on bleed and permeability in rolling bearings. Tribology International.



Theory and practice comes together in the traffic light concept

and grease life models

Thickener type

Lithium soap
Lithium soap
Lithium complex
Lithium complex
Calcium complex
Alurminium complex

Polyurea

/'

—_ %

&

]

o

P

o

b

% LTL LTPL HTPL HTL

g Bearing temperature el

2

= =
Starvation process Degradation process
Temperature, °C
) =50 0 50 100 150 200 250

Base oil } } } t ! 1 i
Minera | . —
Diester i I J—
Mineral - E— 1
PAO [ I L |
Minera — S n
Mineral . __ 1
Minera — A 1

Ok
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Grease life testing: ROF+ test methodology

99
95
20
30
70
60
50
40
30 ®
20
10
@
2
1
T T T T T
0 2 3 4 2 3 4 2 3 2 3 4 4 2 3
10 1 ufm [Hours] 1 10
1 e

P. M. Lugt, A. Van den Kommer, H. Lindgren, and C. Roth. The ROF+ methodology for grease life testing. ELGI EuroGrease, pages 31-40, December 2011.



Science helps us to deliver customer value

Testing

1
I\ \ |
o - '
=1 e
. - =g | &
e - ‘,‘ g o
- e
)

Extrapolation from

&

testing alone cannot
deliver resilient
predictions for all
situations.

Models

/\

Physics

T

Scientific understanding of bearing

lubrication allows us to create models.

La ] <1 oF

Value

Understanding of the
lubrication process and
validation by testing
allows for the best
possible prediction and
optimisation of
lubrication. For
example, where testing
is not possible or cost-
effective.



La ] <1 oF

/]

Relubrication “correction factors’

* \ertical shaft: double intervals

* Vibrations: reduce relubrication intervals
e Quter ring rotation: use cage speed
 Contamination: reduce intervals;

* Very heavy loads: reduce intervals

e Large bearings: shorter initial relubrication intervals

SKF Rolling Bearings Catalogue; 2013



Grease selection: LubeSelect

You can benefit from our

expertise for free |

E K F | SKF Lube Select For SKF Greases

# ABOUT | HELP | APPLICATION PROFILES | LIMKS

Application conditions

Start

Application conditions
Resuls

Detzils

) Feedback

Fieldz marked with * are
mandatory

Help on conditions
Other languages

Select on application conditions

Dimensions:

Bearing designation ” Eh

or
Bearing type
[ T
Inner diameter d l:l-n-n*
Outer diameter D I:l P
Bearing width/height I:l mm

Bearing Series (Only soherical reller bearings)
Load ratio Fa [ Frl = e [Only spherical roller bearings)
No  Yes

Bearing Arrangement (Only cylindrical roller bearings)

Quter ring temperaturs:

Typical temperature

Minimum temperature (start-up} l:'-'c
Maximium temperature [peak) I:I-'C

Raotaticnzl speed

Opticnal conditions:

Vertica| shaft i No
Oscillating movements @ No
Outer ring rotation ) Mo
not
relevant relzvant
Central lubrication zystzm ]
High rust protection -
\Water rezistance (]
Low noise (]
Frequent startup/shutdewn+ -
Heavily vibrating installation (]
Very low friction [
Very long grezse life ]
Food grade ]
Biodegradability [}

Radiation resistance W

Filling Type

SKF Lube Select For SKF Greases
concerns SKF gresses only,

Load (C/P)*
0 Low (=>15)
) Medium (8-15)
) High [4-8)
O Wery high{=4]

Shock load®

W N Ciyes

ambient Temperature®

() Less than -10°C
) Between -10 and 33°C

) More than 35°C

Fields marked with = are used for grease/oil advice

(athers for grease anly)

very
impartant impartant
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Details can be found in:

Grease

}’ﬁﬁJmfﬁ(m | Lubrication

AR in Rolling
A R Bearings

GREASE LUBRICATION IN ROLLING BEARINGS

[FZ] BB M A &%
(EzHRRERERR) @FE ¥

-
: * .
o —’
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BEYOND FILTERING — NEW APPROACHES FOR OIL CLEANLINESS
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Vg ‘\ ¥ | ) .
d waste... ...to a circular use of oil
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Res u Its Ai ra Sca ( H B U ) , SKF Autmotive factory — Airasca, Italy

Gravimetric control cleanliness level [mg/I]

DST fully operational

Dirty tank =—=—Clean tank

Less scrap

Improved N&V results lead to
less bearings being scrapped
and a general tighter
tolerance for our products —
a business benefit!

Average Ra*
Down
20% 38%
Roundness

—> impacting Increase

bearing life,

friction etc.

*Ra = Surface Roughness *N&V = Noise & Vibration
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Hydraulic seals: Heavy duty test programme

Hydraulic oil in heavy-duty seal e st o clen st
test for leakage, friction and wear

780km

N\
(39days)

s Test2 - -
New & E 560km '
Hydraulic : 260KmM : (26days) Qil degradation
Qil = (13days) : state, which
— —

Test 5
DS ]
DST %7 1300km
- cleaned 1040km (65days)
Hydraulic oil (52days)
was sent to
- ; ~ Test 4 Test 6
Test 1 Test 3 RecondOQil D 511 (DST) 1560km
v \/ l (78days)

Additional
Test 4 not
cleaned with

- DST process

The degradation state after test 4 with 1040km (52days) test
duration is too high. This oil state cannot be regenerated!

and 60km @110°C with pressures > 200 bar

3000 T T T
15 Commercial 2700 CYCIEI Cycle2 {8 Commercial
“  hydraulic oil _ | — “  hydraulic oil
f baseli & 2400 -+ = Commercial hydraulic oil . § baseli
rom baseline 5 — DST cleaned hydraulic oil rom baseline
test — hefore o 2100 test— after
=
test #4 ="T4s00 test #4
P = -
- w | 1500 —
2
2 | 1200 -
.+ DST cleaned = ’ .« DST cleaned
- hydraulic oil — .g 900 = hydraulic oil —
= L]
firn
[oh]
oo
o©
i)
=
I

. before tes
4 test cycles each including 200km @80°C I e

after test #4
600
300
S ——

0 20 40 60 &0 100120 140 160 180 200 220 240 260
Distance [km]
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A circular use of oil reduces CO, emissions by more than 96%

kg CO,-eq. per m? industrial oil

4000

3800

3500
3000
2500
2000
1500
1000

500

B Conventional oil 154

Conventional oil RecondOil solution

B DST systems 0
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Why we change oil

Oil performance Contamination

New oil New oil Oxidation

Additive consumption
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How DST works

The booster is mixed The booster attracts The lumps coalesce into The lumps are now easy to
with the oil particles of all kinds and larger lumps separate from the oil via
all sizes to lumps sedimentation and filtering.
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The booster attracts all kinds of particles, of all sizes

Soluble varnish Dust and hard particles

~\ /

Nano particles

Insoluble varnish \Consumed additives
Y 4
I _ Water

Wear particles




-
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Integrated DST system
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Double-Separation Technology (DST)

Soluble varnish Q Dust and hard
particles

HQ Consumed

additives

Q - Booster ™~ Q

Insoluble varnish T

O

Wear particles




Ok

alkGF

RecondQil

One system

Nanofiltration
Three functions Varnish removal

Water removal
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An image is worth a thousand words...

=1 I

}f

Nor N W

Virgin 500 km 1000 km 1300 km 500 km 1000 km

e, [

Baseline without RO-BOX With RO-BOX







