Optimizing wind farm
performance

with SKF WindLub automatic lubrication systems
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Poor lubrication causes
about 36% of all
premature bearing
failures

36%

OF BEARING
FAILURES

Avoid bearing damage

Studies have revealed that 36 percent
of all premature bearing damage is due
to improperlubrication.

Combinethatwiththe percentage of

bearingdamagethatresultsfromthe
use of contaminated lubricants and the
numberrises to 50 percent.

Aproperlydesignedandexecuted
lubrication programme helps prevent
lubrication-related damage and sup-
ports optimum bearing performance
and servicelife.

Rely on SKF’s experience in
the windindustry

Thousands of wind turbines around the
world operate more reliably and efi-
cientlythanks to SKF Lincolnautomatic
lubrication systems. Onshore and off-
shore, in the earth’s most extreme
environments, fromdesertstofrozen
tundra, wind farm operators beneit
from precise automaticlubrication of
critical movingcomponents.



Consistentlubrication is vital to the
life ofbearings

Impacts of improper
lubrication

Like any mechanical system, a wind
energy systemneeds properlubrication
to function optimally. Vibration, high
mechanical loads, contamination and
moisture are allthreatstobearingand
gearservice life. However, wind turbines
can be challenging and expensive to
service. They can reach more than 100
meters offthe ground and are oftenin
remote and dificult-to-accesslocations.

The right lubrication
solution for your needs

The solution is an automatic lubrication
system.Comparedtomanuallubrica-
tion, automatic lubrication systems pro-
vide lubricant supply more reliably and
precisely to moving components in the
nacelle. By delivering the smallest effec-
tive amount of lubricant reliably to all
friction points whilethe machineisrun-
ning, automatic lubrication systems
reduce friction inside bearings and help
prevent contamination. The result is
optimizedbearingservicelifeoverthe
long term, more turbine uptime and
reduced manpower costs — all combin-
ing to help make wind farms more
proitable.

Over-lubrication
Time

Under-lubrication

— Manual lubrication
— Automatic lubrication
--- Optimal lubrication

Automatic lubrication
systems pay back quickly

Automatic lubrication systems can pro-
videaquickreturnoninvestmentby
increasing turbine system availability,
extending maintenance intervals and
preventing failures of major compo-
nents. Additional savings can be
achieved through proper lubricant han-
dling andconsumption.

SKFand Lincoln automatic lubrication
systems are unmatched in their ability
to deliver these beneits and many
more.




54%

Red UCTIOnIn
MANn-HOURS TO
LUBRICATe

Improve productivity and
proitability by:

= increasing turbinereliability

= reducing unplanned downtime
= extending repairintervals

= reducing labourcosts

= improving wind farm proitability

Minimize environmental
impact by:

= eliminating over-lubrication

= reducing energy consumption

= reducing lubricant consumption
= reducing waste

Improve worker health and
safety by:

= avoidingmanuallubricationin
dificult-to-access points

= reducingrisk of slips and falls
throughpreciselubrication



Maximize turbine availability,
minimize maintenancetasksand

costs

Maximize availability

Precise automaticlubricationprovidesa
signiicant beneit for operators under
increasingpressure tomaximize energy
productionand manage operating costs.
Reliably delivering lubricantfrom a cen-
tral source to all of the connected fric-
tion points of the power generation sys-
tem, SKF and Lincoln automatic
lubrication systems help prevent bear-
ingdamageandunscheduledturbine
downtime, while optimizing manpower
resources.

Reduceoperating costs

The high quality of SKF and Lincoln
automatic lubrication systems pays off
inmanyways. Forone, youcanlower
lubrication consumption by up to 50
percent, which is particularly important
when using more expensive lubricants.
Furthermore, the systems function vir-
tually maintenance-free. Operators
havethe optiontoreceive automatic
notiication when lubrication reservoirs
require re-illing. All of this means
reduced operating costs and, ultimately,
improved wind farm proitability.
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Extend servicelife

SKF and Lincoln automatic lubrication
systems deliverthe exact quantity of the
appropriatelubricanttotherightplace
attherighttime.

In addition to helping increase reliability
and availability, the systems help to
extend service life, reduce operational
and lubricant costs and minimize envi-
ronmental impact by avoiding over-
greasing.

SKFalsocanassistyouinoptimizing
lubrication settings and intervals, and in
developing a customized lubrication
programme. Aglobal network of service
partners supports you in optimizing
your farmperformance.

GLRenewablescertiicationfor SKFWindLub

lubrication systems

Insomeinstances, wind turbine technology requires approval by a certi-
ication body. Foroff-shore wind farms, in particular, speciic require-
mentsforturbinetechnology aretestedand certiied. SKF lubrication
systems were the irst to receive this certiication.



Realize the true potential of
lubrication for your application

Pitch bearings

Pitch bearings require a constant
re-supplyoflubricant. The lubrication
unitresponsible forthisis mountedin
therotorand continually turns withthe
rotor, adjusting to the resulting vibration
and centrifugal force. SKF and Lincoln
grease pumps, itted witha grease fol-
lowerplate, help ensure thatgreaseisin
the area of the pump elements, ena-
bling suction evenwithrotation. From
there,the grease arrives atthe meter-
ing devices through a progressive or
single-line lubricationsystem.

Formore information, see
1+ www.skf.com/windlub

Pitch open gears

Rotorblades can be electrically adjusted
in wind turbine generators. Lubrication
forthe pitch open gearis supplied via
SKF andLincoln pumpsfortherotary
application. For rotating operation in
wind turbines, the reservoiris equipped
with a follower plate and stirring paddle.
SKF and Lincoln lubrication pinions
apply grease precisely to the area of
contactonthedrive pinionorthe pitch
open gear and evenly lubricate the
entire cogwidth.

Yaw bearings and yaw open gears

Anelectricalgrease pumpintroduces
lubricantinto the yaw bearing via pro-
gressiveorsingle-line meteringdevices.
Use of an automatic lubrication system
helps to achieve a suficiently thick
lubricantilm to prevent excessive wear
and the “stick-slip” effectuponturning
thenacelle. Theautomaticlubrication
pinion meshes precisely onto the gear-
ing, distributing the lubricantin the area
of contact precisely and uniformly
acrosstheentire cogwidth. Used grease
issystematicallyremovedbythelubri-
cantcollectorand caughtin acollection
tank to preventitfrom drippingonthe
nacelle loor. This helps improve worker
safety.



http://www.skf.com/windlub

SKEF offers lubrication system solutions tailored to every turbine application. Single-line and progressive
automaticlubrication systems are available for pitch bearings, pitch open gears, main bearings, yaw bear-
ings, yaw open gears and generators, while circulating oil systems are available forgearboxes. SKF also
offers lubrication pinions for gear drives and suction elements that remove used grease from bearings.

Main bearings

The main bearings of a wind turbine are
subject to severe forces and usually
require large quantities of lubricant.
Thisiswhere the complete series of SKF
andLincolnstandard pumps forwind
turbine generators comes into play. For
stationary operation, a stirring and ixed
paddle inthe pump’s reservoiris sufi-
cient. The automaticlubrication system
continually supplies grease to the main
bearings even while in motion.

Gearboxes

Oil serves severaltasksinthe gearbox.
[tlubricates and cools the lubrication
points. Filters then remove contami-
nants from the oil cycle. electric heaters
canbeusedtoenableoptimalstart-up
temperatureinthelubricationcyclein
caseof cold externaltemperatures.
Flow limiters maintain the prescribed oil
volume low independent of pressure
and temperature changes and provide
feedback onthe currentlow rates on
request.

Generators

Hightemperaturesandspeedsinside
thegeneratorrequire speciallyformu-
lated lubricants and an eficient auto-
matic lubrication system. In addition,
greases can become stiff atlow temper-
atures. SKF and Lincoln pump units help
toensurethatthelubricationpointsare
supplied with lubricant even in the most
extreme conditions.

Control and monitoring

Automaticlubricationsystems canbe
started and monitored by the wind
energy systemcontrol. Alternatively,
lubrication systems can also be
equipped with integrated controls, to
work independently from the wind
energy system.

The SKF WindCon Lubrication Interface
links SKFWindConand SKFWindlub,
which features SKF and Lincoln lubrica-
tionsystems. Itallowsthe operatorto
monitorlubricationsystemhealthand
the amount of grease applied to the
bearing, aswell as offers the ability to
remotelytriggeralubrication cycle.



Improve reliability with scalable,
single-line lubricationsystems

Insingle-line lubrication systems, apump feeds Advantages:
the lubricantviathe mainline tothe lubricant - Scalable system planning thanks tomodular
metering devices, where itis metered andfed to design

thelubricationpoints. Theindividuallubricant

requirements for each lubrication pointcan be

adjusted. = System continues to work if a lubrication point
clogs

< Suitable for almost all lubricants

= Support for integrated control unit

For more information, see
1 www.skf.com/single-line


http://www.skf.com/single-line

Complete range of products

The SKF portfolio consists of both SKF MonoFlex and Lincoln
Centro-Matic system components, including pumps, metering
devices, controland monitoringdevices, and suctionele-
ments. Allcomponents are suitable for standard greases up to
nLGI Grade 2 and foruse in low working temperatures.

Theprecise pumpsforyourapplication

Various criteria, such as environmental conditions, required
delivery rateand maintenanceintervals, determine the choice
of lubricant pump. SKF offers a comprehensive range of elec-
tricallydriven pump units, delivered with orwithoutaninte-
grated controlunit:

= Reservoir capacity: 2—20 litres (0.5-5.3 gallons)
= Pressures from 200-300 bar (2900-4 350 psi)
» delivery volumes from 4-25 cm3/min

The P603S/653S and the KFG pumps are available in station-
aryandrotarydesignstobeusedinpitchbearingsandpitch
opengears, as wellasinmainand yaw bearings. All KFG and
P603/653 pump variants are available in saltwater-resistant
versions. Individualcomponentsarecoatedforprotection
againstcorrosion (corrosion class C5-M) and combined with
stainless steelcomponents.

The P603/653 pumps incorporate an internal connection of

the lubricant quantity from one to three pump elements. The
pump’sinnovative design packages the pump, controller, vent
valve and pressure switch ortransducerin one compact unit.
KFGpumps offeratop-illoption. This helps mixthe grease
directlyunderthefollowerpistontopreventoldgreasefrom
remaining in the system.

=/

Exact metering for each component

SKF and Lincoln single-line lubricant metering devices are
high-precision components, available in special materials for
various climates. VR devices feature high-pressure resistance
(315bar (4568 psi))and a highrelief pressure (30 or 70 bar
(435 0r 1015 psi)). every lubrication pointcan be visually
monitoredusingindicatorpins. The metal-to-metalitofthe
QSL devices makes them suitable for high pressure as well.
each meteringdevice’s outputcan beindividually set. Though
metering device function is usually visually monitored,
optional electrical monitoring ora GSM-controlled systemis
available.




Continuous lubrication with
customized progressive systems

In progressive automatic lubrication
systems, a piston pump supplies a
deinedamountoflubricantthroughthe
main line to the metering device that
serves eachoutlet.

Advantages:

= Continuous delivery of lubricant
during pump running time

= easy systemmonitoring

= Supportforintegrated control unit

each SKF ProFlexandLincoln Quicklub
systemis designed for a speciic applica-
tionand can be coniguredto meetthe
unique lubrication requirements of
every lubrication point on the machine.

For more information, see

1 www.skf.com/progressive
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Comprehensive range of
lubrication pumps

The SKFlineincludes the KFG and the P203, P301 and P401
pumps, the standard choices for progressive systems.
designed with integrated controls, the pumps that power the
system are programmed to activate atregular, pre-deter-
mined intervals whilethe equipmentisrunning. The pump
housings are weather resistant, saltwater-resistant versions
areavailable. The pumps are suitable forstandard greases up
toandincludingnL Gl Grade 2 and foruse in lowworking
temperatures.

= Reservoircapacity: 2—20 litres (0.5-5.3 gallons)
= number of pump elements: 3

 delivery volumes: 0,8-5 cm3/min

Complete, compact systems - ready
to install

SKF cansupply acomplete, compactgrease lubri-
cation system thatincludes all necessary monitor-
ing and control functions. The integrated, all-in-one
Lincoln QLS 401 system reduces installation time
and costs withabuilt-ininternal metering device.
Up to 18 lubrication points can be supplied and
monitored directly from the pump.

=

=1

——

Reliable progressive lubricant metering
devices

Availablein block construction oras sectional feeders, SKF
and Lincoln metering devices are sturdy and easy to install.
Lubricantis distributed accurately, even with high back pres-
sure atlubrication points due toitted pistons and check
valvesinstalled at the outlets. System operation can be veri-
ied easily through electronic or visual monitoring of a single
piston.

Individual components are coated for protection against cor-
rosion (corrosion class C5-M)and combined with stainless
steel components.

11



Lubrication pinions and lubricant
collection systems

SKF and Lincoln lubrication pinions do all the work when it comes to automatic lubrication of open gear
rims in wind turbines. They provide optimum lubricant distribution to the tooth lanks across the entire

cog width. Suction elements and lubricant collectors gather excess grease directly on the system'’s
lubricating gears to prevent it from exiting into the environment or contaminating the system when the

gearing engages.

Lubrication pinions for eficient lubricant
application

SKF and Lincoln lubrication pinions are optimal solutions for
supplyinglubricanttogearrims,onetoothatatime.Lubrica-
tion is applied only where itis needed.

SKF’s standard in lubrication pinions, the LP2 is manufac-

tured from a sturdy, wear-resistant, polyurethane material.
These pinions are availablein seven differentmodule sizes
withvariouswidthsandinletittings,aswellasincorrosion
classes C3-L or C5-M-L.

For more information, see
+ www.skf.com/LP2
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Suction elements and grease collectors

external suction elements, which were speciically developed
for single-line lubrication systems, are an alternative to large
pans or collecting scoops. These suction elements cleanly
remove usedgreasefromabearingforcollectioninaused
greasecontainer.Recyclingtheusedgreasereducesenviron-
mental impact and keeps the area around the bearing cleaner
and safer.



http://www.skf.com/LP2

Circulating oil systems for

gearboxes

In contrastto total loss lubrication systems, the oil in circulating oil systems is fed back through the
returnlineintotheoilreservoirforreuseafteritpassesthroughthelubricationpoint.Inadditionto
lubricating, circulating oil lubrication stabilizes lubrication points to the proper temperature, cools
gearboxes, removes and ilters out wear particles from friction points, prevents corrosion damage

and removes water condensation.

SKF CircOil

SKF CircOil systems include awide range of tailor-made and
turnkey solutions forlow rates from 0,1t0 200 I/min. The
systems provide eficientcoolingandlubrication of gearboxes,
as wellas waterand air separation. SKF CircQil also features
integrated condition monitoring and demand-based distribu-
g “tion of lubricant, which can
bemonitored. Simpletoser-
vice, SKF CircQil systems fea-
ture a modular design that
canbe expanded easily.

Flow dividers

AFIow dividers used in SKF
CircOil lubrication systems separate the volumetric low of the
mainline into parallelindividual volumetric lows and limit
these according to demand. Sensor or gear-type low indica-
torsareusedtomonitorthe volumetriclow. Theyprovidean
almost constant low rate due to pressure-compensated tech-
nology,regardlessofoil viscosityand pressure changes.

For more information, see
1 www.skf.com/circoil

@ﬁ@ o
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System monitoring

Monitoring and control are essential to the eficient operation of modern wind turbines. Intelligent
monitoring devices allow operators to oversee automatic lubrication system health.

SKFWindCon online condition monitoring
system

Byenablingoperators tomonitorandtrack deteriorating
component conditions in real time, SKF WindCon enables
maintenance decisions tobe based on actual machine condi-
tions, rather than arbitrary maintenance schedules. Along
with the possibility that maintenance intervals can be
extended, the system provides a powerful tool formanaging
day-to-day maintenance routines and consolidating risky,
costly maintenance activities. data can be uploaded to SKF
remote monitoring centres, operating globally 24—7, for
expert analysis and reporting.

SKF WindCon Lubrication Interface

Withthe SKFWindCon Lubrication Interfaceinplace, the SKF
WindCon system can communicate with the SKF or Lincoln
lubrication pump.

This solution enables the SKFWindCon system to automati-
cally monitor the system, including pump status and grease
levels. Iffailures such as empty or blocked pumps ortorn feed
lines are detected, operators are notiied immediately.

SKFWindCon Lubrication Interface helps operators optimize
bearing life, plan repairs and prevent cascading bearing fail-
ures, thereby extending maintenance intervals. Forwind tur-
bine operators, this added lubrication functionality keeps
maintenance crews ontheground, eliminatingthe needto
traveltoremote locationstomanuallylubricate bearings. It
alsohelpsreducelife cycle energy costs, since poorly function-
ingbearings canincrease energy use. Fororiginal equipment
manufacturers, this system can help increase equipmentreli-
ability and product value.

14



Lubrication Remote Monitor LRM2

SKF’s LRM2 lubrication remote monitoris designed foruse
with lubrication systems that cannot be checked daily due to
the nature or position of the speciic application. Compatible
with oil orgrease, the monitorcan be used onsingle-line,
dual-lineand progressivelubrication systems. The LRM2 can
communicatewithapumporgroup of pumpsonthesame
type of lubrication system.

LRMutilizesaSIMcardsimilartothosefoundincellphones
andtabletstosendandreceive textmessagesviaiOSor
android mobile devices or via e-mail to a computer. The mon-
itoring system can transmit alert messages to a random
number of e-mail or mobile phone contacts. These contacts

can be grouped based on the message type.

Piston detector for progressive systems

The seal-free, attached piston detectoron the progressive
feeders monitors the function of the feeders and provides a
feedbacksignaltothedownstream monitoringsystem.

Pressure switch for single-line systems

If pressure losses of greater than 10 bar are expected in a sin-
gle-line system (example: due to viscosity of lubricant
dependingonambienttemperature), a pressure switchcanbe
mounted atthe end ofthe mainline. The pressure switch
monitors whethertherequired pressure build-upoccursin
the system during the lubrication cycle.

Gear-type low indicator for circulating
oil systems

Gear-typelowindicatorsandsensorsareusedasa
monitoring system inlow limiters.While the sensor
transfers function monitoring via an analog signal, this
information is transferred via a digital signal in the case
of gearwheel-type low indicators (hnAMUR).

15
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Turbines require large volumes
of grease to be dispensed
during each lubrication mainte-
nance session. even though
SKFWindLublubricationsys-
temsrequire minimal mainte-
nance, lubricant must be reilled
from time to time. Tower
heights and tight working
spaces create unique chal-
lenges for maintenance
workers.

SKF offersintelligent solutions for convenientmaintenance in
the nacelle, including a wide range of electrically drivenilling
pumps and grease tools that provide long run times.

Electrical grease illing pumps

Universal ElectricGreaseFeedingPump (EFFP):

equipped with large wheels that roll safely over both rough
and smooth ground, the eFFP also has two handlesand a
bracketthatattachestoahoisttosimplifytransportupto
the nacelle. In wind turbines without an automatic _
lubrication system, its long hose line allows manual,"
lubrication of all points without having to move the I
pump. ltalso can be equipped with a grease gun,
either with or without volumetric meter.

16

.5 ﬂSimplifymaintenancetasks

Electric grease transfer pumps (GTP or GTP-C):

Transferpumps provide anideal solutionforilling reser-
voir-type pumps. Theseelectricpumpshandlearange of
capacities, outputs and pressures, and are suitable foreither
mobile or stationary drums as large as 200 kg.

Electric FlowMaster:

The high-performance FlowMaster productline is compact
and versatile. Its unique rotary drive and modular gear set let
you adjustthe speed ofthe pump’s motortoexactly it your
application. Because ofitsrotary drive, the motorcanbe
placed directly on the pump. As aresult, the pump is so com-
pactitits almost anywhere.

TheLincolnmechanicaloverlowpreventionsystemforthe
FlowMaster pumo improves worker safety by helping to pre-
vent hazards associated with reservoir overilling. It also mini-
mizesenvironmentalconcerns causedbythistype of spill.




SKEF offers a range of tools and equipment for safely and eficiently reilling

automatic lubrication systems. By reducing time spent climbing the tower,
these solutions help protect your people —and your proits.

Electric hand-hold greasing tools

Electric PowerLuber:

With the electric PowerlLuber, a variable-speed trigger allows
the operator to choose medium pressure for high-volume dis-
persementorhighpressureforstandard-volumedisperse-
ment. These UL-approvedtoolsfeature apressure-reliefvalve
for added safety.

Battery-operated illing pumps and lubers:

Inadditiontothe electric PowerLuber,the PowerLuberis
availablein 12-voltor20-voltLi-lon battery-powered ver-
sions. These PowerlLubers feature a two-speed switch for
high-pressure orhigh-volume delivery and a cycle indicator
pin to monitor grease output.

They alsocome withaquick charging system, which delivers
reliable power for illing operation.

Fast illing with manual grease iller pumps

In addition to electric solutions, SKF offers quick-illing, man-
ualgreaseillerpumpswith a special pump adapter. Filling
pumpreservoirs takes afraction of the time thatnormally
would be required using conventional manual grease tools.

Formore information, see

t www.powerluber.com
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Wind turbinegreases

When it comes to lubricating bearings in a wind turbine, lubricants must have a wide
temperature range and anti-corrosion and anti-false brinelling properties.

That'swhy SKF developedhighqualitygreasesLGeP 2,
LGWM 1 and LGWM 2 for the proper lubrication of main shaft
bearings. Underarduous testconditions, the patented SKF
LGBB 2 grease outperformed other commercial greases in
pitch and yaw bearing applications.

SKF LGHP 2is a premium quality mineral oil based grease,
using a modern Polyurea (di-urea) thickener. Itis suitable for
electric motors and generators.

18

Advantages:

excellentfalse brinelling protection

excellent performance under high loads

excellent performance atlow temperature starting torque
Good pumpability down to low temperatures

excellent waterresistance

excellent corrosion protection

High thermal and mechanical stability

For more information, see
1 www.skf.com/lubrication


http://www.skf.com/lubrication

Globalexperience, global support

Morethan200years of combined SKF
and Lincolnexperience

SKF has beeninvolvedin the wind industry since its inception
and offers deep knowledge of the complicated mechanical
interrelationships inherentin wind energy technology. Com-
bining the worldwide experience, portfolios and distribution
networks of both the SKF and Lincoln brands, SKF offers the
industry’s most complete range of lubrication management
solutions anywhere on the planet.

Whateverthe size ordesignofyourturbines, SKFhasthe
products and resources to help you increase bearing life, tur-
bine uptime and nacelle safety, while minimizing manpower
hours, maintenance costs and environmental impact.

A network of experienced partners

SKFLincolnlubrication products, systems and services are
availablethroughaglobalnetwork ofdistributor partners,
supportedbyoneuniied sales organizationcommitted to
your success. Systems house distributors around the world
offerturnkey solutions and extensive aftermarket support. In
additiontomaintainingalocalinventoryofsystem compo-
nents and spare parts, these factory-trained lubrication spe-
cialists canprovide:

= Customized lubrication system design
= System installation and start up Here for you, wherever you are

= Service andrepair With lubrication application centres located on every conti-

= Lubrication analysis and testing nentand a worldwide distributor network, SKF has the peo-
- Lubrication managementtraining ple, products and support you need to optimize your lubrica-

tion managementprogramme.
« Warranty support g prog

For more information, contact your SKF representative or visit

= System maintenance contracts + skf.com/lubrication.

= Wind farm surveys and recommendations

= Return-on-investment (ROIl)analysis

= Guidance on safety and environmental issues

= Pre-assembled lubrication kits for easy retroitting available

19



Scan the QR code to download related brochures directly on your device.

—zzd SKF WindLub Upgrade Program

Sl antpge Peater This 4-page brochure introduces service solutions for the wind
F aftermarket.
: _ J : PUB LS/P2 15459 en
-1

Retroit wind energy systems

Readthis2-pagebrochureaboutpre-assembledupgradekitsinOeM

qualityforeverytype ofwind turbine toind detailed information foryour
application (main, pitch or yaw bearing, pitch oryaw open gear and gen-
erator). The brochure gives partnumbers for easy ordering.

PUB LS/P2 13187 en
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skf.com | skf.com/windlub
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