NIN Bearings for Wind Turbines
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Wind Power - Our Energy

Solutions for the next generation of wind turbines

Wind turbine technology continues to demand increased efficiency,
reliability and longer service life of equipment. Innovative bearing designs
from NTN are instrumental in these improvements and in spreading the
use of wind technology for electrical power generation. Our products are
built with three concepts in mind: harmony with the natural environment,
improved energy conservation and contribution to international society.
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— Rotor Mainshaft Bearings — Gearbox Bearings
Meeting demanding requirements with a Life-extending technologies to handle even the most
proven track record and reliability severe application conditions
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Generator Bearings

Insulated bearings that prevent the passage
of electrical current through the bearings
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Condition Monitoring System
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Rotor Mainshaft Bearings I#i%

Meeting demanding requirements with a proven EELERBLEDIKERME TSR
track record and reliability —— XK

Various types of bearings are used for the rotor mainshaft.

NTN provides bearings with high reliability and long service lives based on the application conditions.
Additionally NTN is capable of providing large-bore bearings for offshore wind turbines with capacities greater
than 5 MW.
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Spherical roller bearings Cylindrical roller bearings Double-row tapered roller bearings
B0 D= M 28% BRI\ 2852

Typical Mainshaft bearing arrangements F7x &5

Rotor O—% Rotor O—% Rotor O—%
S S S
Turbine Layout T T T
G 1 G r G
= Bearings #% Bearings #s
Spherical roller bearings
Rotor side bearings |  f BERELCoME Spherical roller bearings
O—5fl#= Cylindrical roller bearings BEEFALC DT
AREC 28z Double-row tapered roller bearings
Spherical roller bearings BRIV S
Generator side bearings | | BIRELCoHE (Cylindrical roller bearings)
FEBHAEZ Double-row tapered roller bearings (AT 585)
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Representative rotor shaft bearing analysis F#h=Za#74l

Using structural analysis of the bearings, housing, frame, and other components of the turbine, NTN can design highly reliable
bearing internal geometry, which accounts for component deformation.
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Rotor side
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Generator side
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Cylindrical roller bearings Deformation within the cylindrical roller bearing
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Double-row tapered roller bearings
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Representative rotor shaft bearing analysis
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Gearbox Bearings

Life-extending technologies to handle even
the most severe application conditions

Required bearing attributes differ depending
on their position within the gearbox.
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Special surface treatment
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By using a special surface treatment on the inner and outer
raceways, and rolling elements, oil film formation is improved
and surface damage (i.e. smearing) is prevented. As shown in
the graph below, anti-smearing performance is improved
compared to that of a conventional part.
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Conventional part With special
(no surface treatment) ~ surface treatment
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Anti-smearing performance
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Special roller crowning
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Increased lifespan is sought by using a special crowing profile on
the rolling elements to reduce edge stresses in the application.
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B Normal crowning F#57>5->7
B Special crowning ¥#I>0=>7
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Contact stress
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Representative analysis of a bearing, including gearbox components
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By analyzing the structure around the bearings (carriers, gears, etc.) NTN is able to optimize the internal design of the bearing to produce high

reliability in cases where deformation is present.
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Pinion shaft
A

Input torque
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Carrier
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Planet gear

Fr (radial load)
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F't (tangential load)
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Generator Bearings HEAIHS

Insulated bearings for preventing the passage BZAEND@EEZHNH T HiEREHsZ
of electrical current through the bearings

® A ceramic coating on the outer surface of the bearing creates an insulating layer and prevents electrical
corrosion. (Insulating value when 500 V DC: 100 MQ or more; electrical breakdown power: 3 kV or more)

® Bearing dimensions and tolerances are identical to standard product (without insulation), allowing for easy
substitution.

% Standard products are also available upon request.
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Condition Monitoring System for Wind Turbines " Wind Doctor™"
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Wind Doctor™, an NTN condition monitoring system (CMS) for wind turbines, enables remote monitoring of the in-situ bearing
status for early failure detection of the bearings. Utilizing diagnosis reports from NTN by signing the monitoring service contract,
it will contribute to reduction of the maintenance cost as well as improving the availability factor of the turbines, through preventing
secondary damage, advance preparation of the parts, and avoiding unexpected maintenance work.
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Sensors
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-’/ : 1" Generator
//" Data acquisition
Mainshaft module , S
E;EH sha F—IINERE LAN, Mobile telephone line etc.
Gearbox LAN. #HEEEOIREE
BRI
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¢ Vibration sensor * FFT analysis
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* Rotation sensor * Various types of signal processing
ClE > including envelope processing
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* Vibration and trend graph
display
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