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Wind Turbine Oil Analysis

Wind power is the world's largest growing energy source thanks to advancing wind turbine technology. Wind
turbines have the potential to generate enough power to meet the growing need for electricity, and simultaneously
reduce consumption of water and emission of pollutants such as carbon dioxide. However, barriers to widespread
acceptance of wind turbines include their reliability, costs of operation and maintenance of the equipment relative
to alternative means of power generation.

As the growth in wind energy continues, the average size and capacity of wind turbine generators is also increasing.
With this increase in size comes an increase in the cost of operation, and specifically the cost of repairs, downtime,
and unscheduled maintenance.

The estimated life span of wind turbines is about 20 years, compared to conventional steam turbine generator units
that have averaged 40 years. The failure rate of wind turbines is about three times higher than that of conventional
generators. Therefore, reliability is essential to the success of wind energy systems and this requires appropriate
condition monitoring.

The wind turbine gearbox is the most critical component in terms of high failure rates and down time. These
premature gearbox failures are a leading maintenance cost driver that can substantially lower the profit margin of a
wind turbine operation as they typically result in component replacement.

Oil analysis, along with other condition monitoring tools, offers the potential to effectively manage gearbox
maintenance by detecting early damage as well as tracking the severity of the damage. It is for this reason that most
OEMs recommend routine oil analysis as part of an effective maintenance strategy.

¢ Wind turbine gearbox warranties generally
only last for two years, therefore maintenance

programmes are vital to ensure the turbine

operates for the recommended 20 years.

¢ Predictive maintenance prevents expensive

replacement costs and down-time.

¢ Oil change procedures remove only 70%
of the used oil, new oil then mixes with the
residual used oil containing contaminants

and wear metals.

¢ Analysis is recommended by OEM

manufacturers.
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Wind Turbine 0il Test Profiles

Viscosity @100°C ASTM D7279 and @40°C ASTM D7279

Viscosity is the most important physical property of a lubricant, and is defined as a fluid's resistance to flow. This in
turn determines the thickness of the oil film that prevents contact between metal surfaces. Trending of viscosity
data is important, as deviations from the norm may indicate base oil degradation, additive depletion or the use of
an incorrect lubricant.

Viscosity Index (VI) ASTM D2270
The viscosity index characterises the effect of temperature on an oil's viscosity and is of particular importance in
applications where operating temperatures vary significantly.

Karl Fisher Moisture ASTM D6304

Water contamination is detrimental to any lubricant and can shorten the service life of a gearbox by accelerating
wear. The Karl Fisher method for determining moisture content is recommended, as even small amounts (<500ppm)
of water contamination can contribute to micro-pitting whi ch is a recognised failure mod e in win d turbine
gearboxes. Water can be damaging to both the oil and the component.

Total Acid Number (TAN) ASTM D974
The total acid number is a quantitative measure of acidic compounds in the oil that are generated as a result of
oxidation, and the formation of acidic degradation by-products.

PQ (Particle Quantifier) Index OEM supplied method

The ferrous debris monitor or PQ (Particle Quantifier) gives a measure of the total ferrous content of the oil sample
and from this measurement the total amount of ferrous (iron) debris can be determined irrespective of the size of
the particles.

Oil cleanliness I1SO 4406

Wind turbine manufacturers have increasingly focused on oil cleanliness, which has a huge impact on the lifetime of
bearings and the performance of the gearbox. Particle counting involves measuring the cleanliness of the oil and can
also be used to evaluate the effectiveness of lubricant filters. The numbers of particles per milliliter of oil are
counted in a variety of size ranges starting at four micron and going up to 100 microns. The total number of particles
greater than four, six and 14 microns is assessed and given range numbers that indicate the cleanliness of the oil
according to the I1SO 4406 method.

ICP spectroscopy (wear, contaminants and additive concentrations) ASTM D5185
The spectrometer measures the concentration of wear metals s uch a s iron, oil additives like phosphorus and
contaminants such as silicon in the oil.

Fourier Transform Infrared (FTIR) oxidation ASTM D7414 and nitration ASTM D7624

The FTIR produces an IR spectrum that is often referred to as the 'fingerprint' of the oil, as it contains specific
features of the chemical composition of the oil. The IR spectrum can be used to identify types of additives, trend
oxidation a nd nitration by-products that co uld fo rm as a result of high operating temperatures and thermal
degradation caused by aeration/foaming.

Microscopic Particle Examination (MPE) in-house method

An MPE is performed by filtering the oil through a five-microns membrane patch and examining any debris present
under a microscope. The membrane patch is examined for wear, contamination and colour, and a matrix describing
the concentration and size of debris is recorded.
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Contact Details

South African Offices & Laboratories
Head Office

Unit 4, The Terrace, Westway Office Park,

Westville, KwaZulu-Natal
t:+27 31700 5460
e : support@wearcheck.co.za

Bloemfontein

Unit B, 4 Milner Road
Waverley, Bloemfontein
t:+27 511010930

e : support@wearcheck.co.za

Eastern Cape

8 Van Wyk Road,

Westering

t:+27 41360 1535

e : support@wearcheck.co.za

Gauteng

30 Electron Avenue,

Isando

t:+427 11392 6322

e : support@wearcheck.co.za

Middelburg & Witbank

Unit 7a Nungu Industrial Park
13 Mandela Drive, Middelburg
t:+27 13 246 2966

e : support@wearcheck.co.za

Northern Cape

4 Peace Haven, Hendrik Van Eck Street,
Kathu

t:+27 66 474 8628

e : support@wearcheck.co.za

Rustenburg

221A Beyers Naude Street,
Rustenburg

t:+27 83938 1410

e : support@wearcheck.co.za

Steelpoort

R555 Road, Block B6,
Steelpoort Mining Park
t:427 712691332

e : support@wearcheck.co.za

Western Cape

Unit 33, Prosperity Park, 10 Computer
Road, Montague Gardens, Cape Town
t:+2721001 2100

e : support@wearcheck.co.za
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International Offices & Laboratories:
Botswana (Agent - Sound Principles)
Plot 54014, Gaborone West,
Garaone

t: +267 311 6829

e: support@wearcheck.co.za

Ghana

Adjacent PanAfrican (Zen Yard), Akyempin Road,
Tarkwa

t: +233 54 431 6512

e: supportgh@wearcheck.com.gh

India

#16 - B Kamokoti Nagar Main Road, Pallikaranai,
Chennai, 600 100, Tamilndau

t:+91 44 4557 5039

e : nissar@wearcheck.co.in

Mozambique

Bairro Chitata, VILA de Moatize,
Tete

t:+258 84 697 7006

e : supportmz@wearcheck.co.mz

Namibia

Unit 14, Lafrenz Industrial Park — Erf R/E 26 W,
Rendsburger Street, Windhoek

t: +264 81 229 6926

e: support@wearcheck.co.za

Pakistan (Agent - Feasible Solutions)

A-3/6 Phase I, Regency Apartments near Musken
Chowrangi, Gulshan-elgbal, Karachi

t: +971 6 740 1700

e: support@wearcheck.co.za

UAE — Dubai

Plot 271, Sector 18

Al Jaraf Area, Ajman

t:+4971 674 01700

e : operations@wearcheckpm.com

Uganda (Agent - API Technical Services Limited)
Plot 8, Luthuli Drive

Bugolobi

t:+256 78 529 6994

e : support@wearcheck.co.za

Zambia

Plot 3717, Prescott Road
Light Industrial Area, Kitwe
t:+260212 210161

e : support@wearcheck.co.za

Zimbabwe

23 Amby Drive, Amby, Harare
t:+263 24 244 6369

e : evanm@wearcheck.co.zw

- Page 3 -





