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GEAR TECHNOLOGY

performance. The type of fluid and its application
are very important for the success of a grinding
wheel’s performance. Most production operations
use some type of grinding fluid in order to
increase the grinding wheel life and improve the
quality of the ground part. These fluids contain a
blend of ingredients which inhibit corrosion and
extend fluid life despite very adverse conditions.
Some of the grinding fluid functions are to

* Lubricate the grinding zone;

 Reduce the frictional heat;

* Cool the grinding wheel and workpiece to
eliminate the danger of a grinding burn;

* Remove the chips from the grinding zone;

 Clean the grinding wheel surface to allow
higher material removal rates.

CBN grinding wheels provide the most out-
standing performance when used with waterless
lubricating fluids. Such fluids reduce the chemi-
cal decomposition associated with CBN and high
temperature steam. The formation of an oxide
(B,0,) on the surface of a CBN particle creates a
protective layer to deter further oxidation.
However, this oxide layer is soluble in high tem-
perature water and can allow further oxidation of
the CBN particles. These reactions can cause
accelerated breakdown of the CBN abrasive par-
ticles and shorten the grinding wheel life. The use
of oil-based grinding fluids minimizes this effect.

Generation of Residual Stresses

While the grinding grains are applying pres-
sure on the surface of the workpiece during its
movement, tensile stresses are introduced under
the surface. Chips are literally pulled away from
the surface of the gear. When the tensile stress
reaches the yielding point, plastic deformation
will develop, reducing the level of tensile stress.

After rapid unloading, plastic deformation turns ;

into compressive stress in the direction of grind-
ing and also perpendicular to it. The surface
“snaps back.” Simultaneously with this mechani-
cal generation of stress, a thermal generation
takes place that produces tensile stress. Whenever
residual stresses are discussed, the term includes
the sum of the two generating mechanisms and
their impact on the ground surface. In order to
improve the properties of the gear, these stresses
should be of a compressive nature.

CBN as a cutting material produces higher
residual stresses at the surface than aluminum
oxide. The reason for this phenomenon is the
thermal conductivity of CBN, which is approxi-
mately 40 times higher than that of aluminum
oxide. This reduces the thermal load of the
ground zone because a bigger portion of heat can
be transferred out through the wheel body and

particles of removed material. An additional
effect arises from the greater protrusion of elec-
troplated grain particles, which supports the free
cutting ability of CBN and allows more coolant to
be transported through the contact zone. The
result of grinding wheel wear of both CBN and
aluminum oxide is the loss of sharpness or cutting
ability of the individual grain particles. There-
fore, a greater amount of heat is generated in the
process. However, the electroplated CBN wheels
at the end of their useful lives still produce high-
er compressive residual stresses than a newly
dressed aluminum oxide wheel. The CBN wheel
can be economically replated many times, pro-
viding consistent and repeatable form.
Conclusion

Current trends and future demands for grind-
ing technology are to produce power transmis-
sions that have

* Improved energy efficiency,

e Higher power capacity,

* Lower weight and volume,

* Lower noise levels generated by gear mesh,

e Lower cost,

» Extended life.

Such goals can be achieved only through the
higher overall system accuracy and improved
quality of material. Research and development of
grinding technology have to address these
demands. CBN electroplated grinding tools have
the best potential to reach these demands.

Gear designers are developing sophisticated
and complex modifications of profile and lead in
order to eliminate the vibrations and noise gener-
ated by the gear train. In addition to the geomet-
rical requirements, it is necessary to develop the
shortest possible grinding times for economic
reasons. Close coorperation between gear design-
ers and grinding process designers is therefore
essential to the successful production of CBN-
ground gears. {3}

*Coroning® is a registered trademark of Kapp
GmbH  Werkzeugmachinenfabrik,
Germany.
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TECHNICAL FOCUS

New Guidelines For
ind Turbine Gearboxes

Introduction

The wind turbine industry has been
plagued with gearbox failures, which
cause repair costs, legal expenses, lost
energy production and environmental
pollution.

A wind turbine gearbox has failed if it:

* Jams and stops rotating;

* Breaks and allows the rotor to turn
without turning the generator;

* Exceeds allowable sound level or
vibration limits;

» Has excessive oil leakage;

* Requires excessive maintenance.

Failed gears, shafts, keys, bearings
and housings have caused jamming or
breaking. Bending fatigue is usually the
ultimate failure mode when gearboxes
jam or break. However, bending fatigue
is often a secondary failure mode initiat-
ed by other failure modes such as macro-
pitting or scuffing. Some wind turbines
have been destroyed when gearboxes
broke and allowed rotors to overspeed.

Strict sound regulations in the
United States and Europe require shut-
down of noisy turbines because failed
gears or bearings cause excessive sound
or vibration.

Failed shafts, seals and housings
cause excessive oil leakage and, in some
cases, loss of lubricant and gearbox fail-
ure. Less severe leakage increases main-
tenance and costs. Soil contamination
requires costly cleanup.

Three years ago, a group of individu-
als dedicated to wind power recognized
that many gearbox failures were due to a
lack of understanding of the severity of
the wind turbine operating environment.
They sought to define this environment

Robert Errichello & Brian McNiff

i and improve communication between
i gear and wind turbine manufacturers so
© reliable gearboxes could be obtained.
Therefore, the American Gear Manu-
: facturers Association (AGMA) and the :
American Wind Energy Association
: (AWEA) formed a committee of wind :
turbine manufacturers and operators, :
researchers, consultants and gear and
lubricant manufacturers.
. The committee developed AGMA/ :
AWEA 921-A97, “Recommended Prac-
i tices for Design and Specification of
© Gearboxes for Wind Turbine Generator :
Systems.” The document reflects the lat-
¢ est knowledge about wind loads and fail- : : - —
ures, plus the insights of gear and wind Turbine at the National Wind Technology Center,
: turbine manufacturers and operators. It
describes wind turbine configurations,
! operating conditions and environmental
factors that affect gearbox life. It offers
: guidelines for defining wind loads and
specifying gears, bearings, operation and
{ maintenance. All of these guidelines
© focus on one goal: ensuring reliable wind
turbine gearboxes.

Wind Turbine Configuration
and Operation

Two wind turbines with the same gen- :
erator can experience extremely different :

. Robert Errichello

i is the principal of GEARTECH, a
i gear consulting firm in Townsend,
: MT. He is a member of AGMA,

i ASME and a licensed professional

i gearbox loads. A good control system
maximizes energy capture and minimizes
: structural loads. AGMA/AWEA 921
describes common wind turbines and the

. significance of their architecture and
: : He is also one of Gear

¢ Technology's technical editors.
: Rotors can be horizontal, as in a :

: HAWT (horizontal-axis wind turbine); or : Brian McNiff
: : - : I : L sident of McNiff Light

i vertical, as in a vertical-axis wind turbine : *P"" ;

: . : Industry of Blue Hill, ME, a com-
i (VAWT). Some HAWTs are integrated :

i pany providing wind turbine testing

: operation on gearbox loads.

¢ systems where the gearbox supports the

Boulder, CO.

¢ rotor and, in some cases, the generator and
other components such as yaw drives.
{ With this configuration, the gearbox hous-
ing must transmit rotor loads to the sup-
porting tower without incurring excessive
© stresses or deflections. Integrated systems
require detailed communication between
the wind turbine designer and gear manu-
facturer to properly design interfaces.

engineer in the State of California.

i and analysis services.
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