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a t of n Franci co Bay, near I ha e pitch diameters of 4- to 6-feet and
the town of Rio Vi ta, 81 white' quality level of QI0-12 u ing GMA
towers tand 255 feet tall on: tandard 2000-A88.
rolling hill of dry gras har- j Working with pitch diameters of more

ve ling a year-round crop: wind. I than 5 feet, manufa turer of wind tur-
IOn each tower, blade 124 feet long l bine gears tart to "bump up against"

rotate in the wind, tran ferring its en rgy their machin limits, ay Ed Hahlbeck,
to the gearbox in ide the turbine na elle. pr ident of Powertrain Engineer, a
Sun and planet gears rotate around an c n ultancy b ed in Pewaukee, Wi-
internal ring gear, transmitting the ener- con in. Hahlbeck' company pe ialize
gy to the nacelle generator, creating elec- in large wind turbine , and Hahlbeck

,
tricity. Lntotal, the turbine generate 145 him elf erve on the AGMA Wind
megawatts. Turbine Gear Committee.

In tailed this year, the wind farm I The challenge of the internal
repre ents an opportunity for the gear !.i. everyday, th ugh, because turbines in
indu try. 1.5-2.2 range are commonpla e at utili-

Wind energy i a growing interna- 1".1 ty- cale wind farms.
tional indu try. The European Union "With ny new in tallation, you're
added 4,493 mega att of new capacity I going to be working in that ize range,
in '0 I, then added another 5,871 in '02. !,., with 1.5 a the lower limit," ay Frank
The nited tate in taIled 1,696 C. Uherek, engineering man ger for
megawatt of new capacity in '01 and I Flender orp. and Winergy Drive
410 more in '02. j Y tern of Elgin, 11linoi. "That'

A leading U.. wind energy devel p- j where the market i itting."
er, FPL Energy alone i chedul d to I The new wind farm near Rio Vista i
in tall another 800 megawatts thi year. I an example. Each of it 81 wind turbine
Brent Reardon, the developer' technical I generate 1.8 m gawatts.

manager for wind, ay th company' .1""",. But the market won't be sitting in that
goal i to in tall 750-1 000 megawatt range forever. Reardon expect the aver-
each year for th fore eeable future. age wind turbine to be in the 1.5-3.0

More wind turbine mean more wind ,:,1,,::, range in the next two to three year ,
turbine gears. Be id new manufacture, meaning gear' ize would be orne
wind energy' growth mean more "tremend u ly bigger."
chance for work repairing th gears and i,i Roland Ramberg, pre ident of The
overhauling them. Gear Work e timate gear in 3.0 tur-

But wind en rgy i also a challenge to I bine would have to be about 30 percent
the gear industry. ! larger than th y are in 1.5 turbines.

Th challenge tart with turbine in; Ba ed in Seattle. W hington, Ram-
the 1.5-2.2 megawatt range. n that i, berg' gear j b hop pecialize in high- Joseph L Hazelton
range and higher, wind turbine u e plan- accuracy indu trial gears. In the wind is associate editor of

etary gear drive. Their un and planet ::.1",,:,,:. en rgy indu try, Th Gear Work mainly Gear Techo logy.
gears aren't diffi ult to manufacture, but pro ide repair-and-repla ernent service Trained in journalism, he

has been a staff editor for
their internal ring gears are. to u er of wind turbine . Through bid- the magazine ilia

In that range, the internal ring gear ding, though, it al 0 manufacture gears November 2(}()().
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Wind .n.rgy·s m•••• ' in dI. United States is llrowillll.
so wind turbin.s represent an opportunity for die II r
industry.

for n w wind turbin I primarily the
internal ring gear for turbine gen rat-
ing up t 1.5 megawatt .

Hi company w uldn't have any trou-
ble making the external gea for the 3.0
turbin ,but it would have to buy the
machinery for th larger internal ring
gear.

''Th internal would r quire a maj r
inve tment,' Ramberg ay . "II would be

http://www.powfl,tr,nsm;ss;on.com.
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Int,rn I ring gllrs lor wind turbines generating
1 U g'watts of electricity h,v, 4- 10 i-foot
pilch di.1IIIt rs ud AGMAquality levels of Q1~12.

milli n "
pgrading to manufa ture 3.0 gears,

a company might have to buy a larg r
machining cent r for turning,

milling and drillin; a larger gear-cutting
m hin -two if th company wanted to

ugh- and finish-cut parat Iy; and a
larger gar-grinding rna hin .

"Th would be th thr major pur-
ch ," Ramberg ay .

u h large rna hine c uld be bou ht
fr m maj r rna hin tool manufa turers
but th y'd be built to ord r.

"y, u're n t g ing to go to the how-
m and buy one off the howr m

fl r,' Ramberg ay. 0 indicate c st,
h estimate the g ar grinder alon
w uld approach 2 milli n.

Equipping 10 manufacture I rger
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future, though. G ar manufacturers
till dealing with a problem from th
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f cturer fae an th r hallen : high r
v lum of produ tion. To be m re pro-
ductive. th y may have t repla e their
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New Wind Turbine Standard Is Ready for Growing Industry
The American Gear Manufacturers Association is prepar-

ing a 9O-page standard on wind turbine gearboxes for its
final reviews before publication.

After nine years of work, the AGMA Wind Turbine Gear
Committee adopted the omnibus standard July 23. It will be
the AGMA's first standard on wind turbine gearboxes.

The work started in January '94, with the committee's first
official meeting. The original members were clear on the
reason for organizing as a group.

MWewere all seeing widespread failures in wind turbine
gearboxes," says Jane Muller, an original member and the
committee's vice chairwoman.

She's also a mechanical engineer with a gear consultan-
cy, GEARTECH,located in Townsend, Montana.

"Wind turbines are a very demanding application for
gears," says Brent Reardon, the committee's chairman.
"They have to transmit very high and dynamic loads."

The committee started by creating an information sheet in
conjunction with the American Wind Energy Association.
The sheet, AGMA/AWEA 921-A97, provided recommenda-
tions for manufacturing wind turbine gearboxes and took
effect in October '97. Since then, the committee has been
expanding on the sheet to create a regular standard.

The standard is arriving at an opportune time. Mainly
inactive for years, wind energy's U.S. market became more
active in '98 and had a record year in '01, when 1,696
megawatts of new capacity were installed.

"It's a growing, fluid industry," Muller says.
As an example, she refers to the late '70s and early 'SOs.

Back then, utility-scale wind farms used wind turbines that
might generate 120 kilowatts. Today, new utility-scale wind
farms commonly use turbines generating 1.5 megawatts.
And more powerful turbines are commercially available.

"Just the basic design of the gearbox is changing quite
rapidly," Reardon says.

As design and manufacture guidelines, the standard is
the work of a committee that has expanded since it created
its information sheet

"We're up to 50 members attending every meeting. There
are over 10 countries involved in this committee," Muller
says. "It represents everyone involved in wind energy.M

As a cross section, the committee includes several indus-
try heavyweights. Reardon, its chairman, is from FPl Energy,
a leading U.S. wind energy developer. Its members are from
NEG Micon, Flender, MAAG Gear, Timken, SKF Industrial,
Castrollndustrial, and Exxon Mobil.

Other members come from the U.S. National Renewable
Energy lab and Institut fOr Maschinenelemente Technische,
connected to the Gear Research Centre at the Technical
University of Munich, Germany.

In total, members' companies manufacture, purchase,
operate and service wind turbines; manufacture the gears,
bearings, lubricants and lubricant components used in them;
provide monitoring equipment for them; and consult on their
gears.

Many committee members are from companies in Europe,
where wind energy is a larger industry than it is in America.

TIlt ASMA is il1III fi•• l••••••CIf...,.,.. •••••• ~ ill finI.-...rwJ •
wiallilmll •••••••.

According to Muller, they had commercial and general inter-
ests in contributing to the standard. American wind farms
often use European wind turbines. Muller says the
Europeans also contributed to do "the right thing" for the
wind energy industry. She adds the standard benefited from
the Europeans.

Reflecting the members' expertise, the standard includes
a range of fields related to wind energy. It covers specifying,
selecting, designing, manufacturing, procuring, operating
and maintaining of wind turbine gearboxes. It also covers
bearings, lubrication and condition monitoring of the boxes.

The standard has nine annexes, as well. They include
wind turbine architecture, environmental considerations,
wind turbine load description, quality assurance, operation
and maintenance, minimum purchaser and gearbox manu-
facturer ordering data, lubrication selection and condition
monitoring.

On Feb. 12, the committee approved the standard for a
general ballot The standard was then distributed to AGMA
members for review and suggested changes.

like other AGMA standards, this new standard will be
voluntary. Its title is "Standard for Design and Specification
of Gearboxes for Wind Turbines" and is designated
AGMA/AWEA 6006-AXX. When published, the "XX" will be
replaced by the publication year.

On July 23, the committee met in Big Sky, Montana,
decided which suggested changes to include, and voted to
submit the standard to the AGMA Technical Division
Executive Committee.

The standard still has a ways to go before publication,
though. After TDEC, the standard will be reviewed by the
AGMA board of directors and then the standards council for
the American National Standards Institute. After all three
groups approve the standard, then the AGMA will publish it
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Mlnuflcluren of wind turbine geln mlY hlyelo plJ1h the limits o'iheir mlchinery 10 crelle the internll ring
geln needed by wind nergy's II'ller turbines. Anotb r mlnuflCluring challenge is the gene rei shift from spur
leetllio helicil ones.

thou and dollars, but the vitrified
wouJd co t onJy a few hundred.

Howe er, Hahlbeck add gear manu-
facturers tend to ell their wind turbine
gearboxe to projects where the number
of gears can be in th hundreds. In tho e
ca es, BN wheel could be a C I

advantage through higher productivity
and greater con j tency.

Uh rek ays erial produ tion i key
to CB u. e: "If y u're going to make 40
of ornething, CB pay' ify u're going
to make one of omething-forget it."

erial production al 0 take advan-
tage of CB ' longer life compared with
vitrified, making the price difference
more bearable.

Gi en the e manufacturing chal-
lenge • it i n't urprising that Bernard
Vuko i ' of MAAG Gear u e "e pen-
ie' when de cribing gear manufa tur-

ers' involvement in the wind energy
indu try. Vukovic i a gear engineer in
the wind turbine gearbo divi ion 0

MAAG based in Winterthur. witzer-
land.

Be id th high co t of the machine
for manufacturing large wind turbin •
gear and gearboxe he mention the
expense of the crane for remo ing mal-
functioning gear xe from erected. tur-

bine and the co t that can result from
hipping the gear xe ba k to manufac-

turing plant f r repair.
o he advises gear manufacturer

curiou. about entering th wind en rgy
indu try:" nle you have realJy, really
big pocket, then don't."

He also caution companie interest-
ed in upplying ju t the un planet and
parallel-axi gears, not the internal ring
gears. He ay an important que tion i :
Who' re pon ibl for what parts? That
que tion become important when gear-
bo e malfunction and companie have
to decide wh re pon ible f r po ibly
e pen ive repairs.

"They can make or break omebody,'
Vu ovic ay.O

Photos courtesy of AEP Wind Energy. the
American Wind Energy Association, FPL
Energy and The Gear Works.
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Process Gear has been a
leader in the custom gear
industry since 1942. Process
Gear is capable of producing
parts up to AGMA Class 12
with the documentation and
process control that comes
with M&M Precision Gear
analysis. Customer appli-
cations range from power
transmissions, construction
equipment, HVAC, hydraulic
pumps and printing trade
equipment.

Bengal IndustrIes Is a
precision custom Injection
molder specializing in gears
and engineeredplastic parts.
Bengal serves a wide variety
of markets inclUding auto-
motive, medical, industrial,
HVAC and children's prod-
ucts.

Process Gear
J86/H orth Rrver Road
Schiller Part. Il60176
[847) 671·1631m (847) 61H840
nwproceSSlJUrCOm

Ber1gallndusliies
11346 53nl Streel No
C1eaIwaler, Fl 33160
(727) 512-4249
~ax (727) 573·2428
nw.bengalindustnes com

contact: jhertl@processgear.com
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