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KEY CONCEPTS

s Wind turbines, though not without environmental
issues, provide some of the cleanest energy available.

» The logistics of designing, constructing and maintain-
ing wind turhines are a challenge—the gearbox and its
early failure rate is a central issue.

» There are two possible ways to solve the gearhox
problem—either redesign it to reduce the stress
on the bearings or eliminate it altogether with
technologies such as direct-drive generators.






Especially when winds are light, sometimes the turbine
is simultaneously operating under a medium-sized load at
low speeds and a low load at high speed. This leads to the
breakdown of the lubricating film that’s necessary for long
bearing life.

Wind turbine gearboxes have yet to achieve their original
design life goals of 20 years. Most turbines require significant
repairs and even complete overhauls in the 5-7 year range,
well before that benchmark. High repair rates of the expen-
sive gearboxes are one of the major contributors to wind tur-
bine operating cost increases and the escalating cost of wind
energy.

Most wind turbine downtime is attributed to gearbox-
related issues. Gearbox replacement and lubrication account
for 38% of the turbine’s parts cost. Taking into account the
cost of the gearbox, crane rental, labor and lost revenue, re-
placing a gearbox for a 1.5-mw turbine can run more than
$250,000.

Wind turbine gearboxes have
yet to achieve their original
design life goals of 20 years.

“There are actually many more failures in the electron-
ic components than in gearboxes, but gearboxes are much
more expensive to fix,” Lucas says. “You need to get a crane
out there—which, because there aren’t that many cranes in
the world that can handle this—can mean several weeks
of down time by itself. The difference in down time for an
electronic component failure and a gearbox failure is days or
hours vs. weeks.”

Musial agrees. “Electronics and gearboxes are both prob-
lems,” he says. “But electronics are more nuisance failures.”

CONTAMINANTS

One of the greatest sources of contamination occurs during
manufacturing. Standard filters do not necessarily remove
built-in manufacturing contaminants. As a result, damage,
including permanent debris dents, can occur during run-in.
Assembling gearboxes in a clean environment, using careful
procedures and filling them with clean lubricant, reduces the
risk. Researchers at Imperial College in London proved that
rolling element bearing life can be increased seven times sim-
ply by changing from a 40-mm filter to a 3-mm filter prior
to run-in.

During operation, internally generated contaminants in-
clude wear debris particles from micropitted bearings, gears
and other components. Micropitting, common in gearboxes,
reduces accuracy, creates noise and may lead to other issues
such as bending fatigue and macropitting. Inactive wind tur-
bines are subject to fretting corrosion on the gear teeth, bear-
ings and splines.

Wind turbines in desert environments are exposed to air-

borne dust during the hot season and moisture during the
rainy season. Offshore turbines contend with constant mois-
ture. In fact, it's nearly impossible to keep gearbox-lubricating
oil completely separate from water because of the constant
(moisture-creating) heating and cooling of the gearbox.

GEARBOX FAILURES

While gear failure used to be a primary cause of wind tur-
bine gearbox problems, the current generation of turbines
(ails most often from bearing surface fatigue. The debris pro-
duced by this failure leads to abrasion of other components
of the gearbox.

Critical failure locations include planet bearings, interme-
diate shaft-locating bearings and high-speed locating bear-
ings. Gear failure can occur independently of bearing failure
[or reasons such as wear from poor lubrication, abrasion and
surface fatigue initiated by bearing debris.

Lucas explains, “The dynamics of the system are a chal-
lenge. The loads go from very high to very low quickly—there
are vibrations and oscillations within the entire drivetrain
system—and the system needs to adjust. There will always
be a weak link in every system. The bearings appear to be
the problem right now, but 1 think they are just showing the
damage first. There is a lot of demand on the bearings, but it’s
really a system issue. The gearbox just happens to be in the
middle of the drivetrain.”
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ficiency. While most turbines in current use are in the 1.5-2
mw range, Lucas says that he is now seeing 5-mw turbines,
and manufacturers are working on 10-mw turbines.

“Future progress will focus on size and scale,” Lucas says.
“Manufacturers need to keep turbines below a certain size
because of transportation issues—when they get too big,
they won't fit under bridges.”

Kotzalas sees other areas that need more scrutiny.

“We need research that will help us understand the whole
system, how the components interplay,” he says. “Getting
down to the tribology, there are some interactions at the sur-
face that might be mechanical and might be chemical but ap-
pear to be happening at certain locations. These aren’t well
understood, and we need to figure out what's happening. For
example, we are seeing a white etch underneath the surface
of the steel that we need to explore. There are a lot of differ-
ent theories.”

The wind turbine industry, while poised for continued
growth, is hampered by gearbox issues. Hopefully, the Gear-
box Reliability Collaborative will provide answers soon.

But even with the gearbox problems, considering the size
and weight ol wind turbines and the extraordinary demands

® Wind Turbine Gearbox Technologies, by Adam Ragheb and Magdi Ragheb,
Proceedings of the Ist International Nuclear and Renewable Encrgy Confer-
ence, Amman, Jordan, March 21-24, 2010.

on their operating systems, they are magnificent machines.
They have the potential to free much of the world from its
dependence on environmentally damaging nonrenewable
energy resources and tap, on a whole-scale level, a clean,
nearly unlimited source of energy.

As Lucas puts it: “The potential for wind turbines remains
very big.”

USEFLIL LINKS

To see a moving animation of a wind turbine and appreciate
the stress on the gearbox, visit: http://www1.e€ere.energy.
gov/windandhydro/wind_animation.html.

To learn more about wind, visit: http://guidedtour.wind-
power.org/en/tour/wres/index.htm.

For a real-time meter of wind turbine energy generated, CO,
emissions reduced and number of wind turbines erected in
Europe, visit: http://www.ewea.org/index.php?id=180.

Jean Van Rensselar heads her own communica-
tions firm, Smart PR Communications, in
Naperville, Ill. You can contact her at
jean@smartprcommunications.com.
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