The “electri
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The phrase “electrify everything” refers to the move-
ment to replace our fossil-fuel economy with wind,
solar, hydro, electric vehicles, heat pumps, and a
robust electric grid that allows a two-way transfer of
energy. Where wind energy is concerned, the drive-
train is the powerhouse of a turbine containing the
generator and gearbox which converts torque into
electricity. The design of a wind turbine gearbox is chal-
lenging due to the loading and environmental conditions
in which the gearbox must operate. Torque from the rotor
generates power, but the turbine rotor also applies large
moments and forces to the wind-turbine drivetrain. It is
important to ensure that the drivetrain effectively isolates
the gearbox, or ensures the gearbox is designed to support
these loads, otherwise internal gearbox components can
become severely misaligned. This can lead to stress concen-
trations and failures.

Most wind turbine drivetrains currently use generators
that are connected to gearboxes, which speed up the rota-
tion from the relatively slow speed of the turbine’s blades
(typically 5-15 rpm for a modern machine) to the high
speeds (1,000-1,800 rpm) needed to generate electricity
using a high-speed induction generator. Having all of those
moving parts makes the gearbox one of the highest-mainte-
nance parts of a wind turbine.

Wind-turbine drivetrains undergo severe transient load-
ing during start-ups, shut-downs, emergency stops, and
during grid connections. Load cases that result in torque
reversals may be particularly damaging to bearings, as roll-
ers may be skidding during the sudden relocation of the
loaded zone. Seals and lubrication systems must work reli-
ably over a wide temperature variation to prevent the ingress
of dirt and moisture and perform effectively at all rotational
speeds in the gearbox. Many wind-turbine gearboxes have
also suffered from fundamental design issues such as inef-
fective interference fits that result in unintended motion
and wear, ineffectiveness of internal lubrication paths and
problems with sealing. Improving the resistance of future
gearbox designs to all these issues is a key to the future cost
of energy generated by wind turbines.

Purdue University engineers—Jun Chen, a professor in
the School of Mechanical Engineering, and Lizhi Shang,
an assistant professor in the Department of Agricultural
and Biological Engineering and School of Mechanical
Engineering—have developed a transmission system that

80 Power Transmission Engineeringg[ 2022

fy everything” movement
continues to drive innovation

uses an adaptive transmission ratio, allowing for the optimi-
zation of the speed and torque going into the generator. This
approach improves system efficiency, while also allowing
for individual control of turbines and generators across an
array, leading to the potential for networks of systems that
work cohesively for maximum efficiency.

Additionally, this powertrain allows for the detach-
ment of the generator from the turbine, which reduces the
weight of the turbine nacelle and allows the transmission
to be placed in an area that is more convenient for mainte-
nance. This technology is also capable of using water as a
working fluid, which minimizes the environmental impact
of leakages.

“There have been some attempts to use hydrostatic trans-
missions in wind-turbine applications,” Shang said. “The
main obstacles are maintenance and environmental con-
cerns. They demonstrate low efficiency, frequently required
maintenance, and oil leakage” Chen and Shang’s pow-
ertrain design transmits the power from the low-speed,
high-torque turbine to the high-speed, low-torque genera-
tor while maintaining constant generator speed. Chen said
the design allows for the detachment of the generator from
the turbine. “The generator can be placed at the ground level
of wind turbines or the water surface level for marine hydro-
kinetic turbines,” he said. “This reduces the nacelle weight
of the turbine and simplifies maintenance.” Shang said the
design also allows for smart, collective energy harvesting
using an array of individual turbines and one or more cen-
tralized generators.

“The energy losses for regulating electric power frequency
can be eliminated,” Chen said. “Compared to an existing
hydrostatic wind-turbine powertrain, our technology is
more efficient, up to 90 percent. Water is a better working
fluid for long-distance hydraulic power transmission, which
enables collective energy harvesting. It is easy to refill, and
leakage causes less environmental damage than conven-
tional mineral-based hydraulic oil”

The next step in developing the new powertrain is to test
the prototype in a towing tank at Purdue. Data will be col-
lected, measured, and analyzed, which will lead to further
improvements in the design.

Chen and Shang disclosed the powertrain design to
the Purdue Research Foundation Office of Technology
Commercialization (OTC) which applied for a patent to pro-
tect the intellectual property earlier this year. PTE
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