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SPECIALIZED T, QER MFG,, LLC

All New Design Featured At
MID-AMERICA TRUCK SHOW
March 25-27 » Louisville, KY
North Wing Booth #16052

3+3 Dollies &
Jeeps Available

International Specialized Trailer Mfg., LLC (IST) is an Innovative Design Trailer Manufacturer,
dedicated to the fabrication, and promotion of top quality trailers for the Wind Energy and
Heavy Haul Transportation Industry.

The IST 53BT 2009 Model Blade trailer requires No Forklift, No Crane or Equipment to Extend or Collapse!! This IST blade

trailer is one of the most proven blade trailers in the field today. Once again our updates are on the cutting edge of design
with the customer in mind!

“ADVANCED LOAD HEIGHT ADJUSTMENT TRAILER NECK SYSTEM”

NEW NECK WILL RETROFIT ANY 247-60” Load Bunk ‘He|ght
BRAND BLADE TRAILER! -— -
37° TURNING RADIUS
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You speak, we listen, and together we develop solutions
to your complex manufacturing challenges. With years of
experience in designing and manufacturing gears, CGC
also understands the importance of project management
and logistics, ensuring on-time delivery of high-quality
products made to meet AGMA, 1SO, and DIN standards.
So give us a call, and we'll give you a listen.

Carolina Gear
. & Components Ltd.

P.O. Box 20100 | 1615 Bishop Street North

CAPABILITIES | CURRENT| FUTURE
Gear Cutting 8m 10m
Gear Gashing 5m 10m
Gear Grinding 1.5m 2.8m
Machine Turning 2m 4.5m
Cambridge, Ontario | NIR 8C8

P:519-623-8806 | F:519-623-4886 | E: sales@cgc-group.net

| W: cgc-group.net



http://cgc-group.net
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COMPANYPROFILE
CAROLINA GEAR & COMPONENTS

BY RUSS WILLCUTT

Are you in the market for high-quality large gearing and
components? Here's a resource you'll definitely want to take
advantage of.

TRIBOLOGICAL CHALLENGES
TO THE SYSTEM

BY ELON J. TERRELL, PH.D., WILLIAM M. NEEDELMAN,

AND JONATHAN P. KYLE

As wind turbines increase in size, and their operating
conditions become more extreme, a number of current and
future tribological challenges exist.

REMOTE SITE
CONSTRUCTION

BY MANEL ROMEU BELLES

With the global expansion of the wind industry, the
placement of towers and farms will grow more remote. Vestas
is clearly up to the challenge.

A DIRECT DRIVE TO SUSTAINABLE
WIND ENERGY

BY ANDREW TAN

The success—or failure—of producing the most cost-effective
turbines will have a direct impact on the future shape of the
wind industry. Here's an overview.

NEW SYSTEMS FOR SLEEKER
TURBINE PRODUCTION

BY RICH CURLESS

A new blade fabrication system from MAG doubles output
while multi-tasking machine tools complete parts in a single
setup, streamlining your production process.

OPTICAL ICE SENSORS FOR
WIND TURBINE NACELLES

BY RICHARD L. HACKMEISTER

New optical technology borrowed from the communications
industry promises lower cost and more practical ice detectors
than earlier techniques.

AN AUTOMATED APPROACH TO
BLADE MANUFACTURING

BY MARK HANDELSMAN AND ROBERTA ZALD

Increased throughput, quality, and efficiency are just a few of
the benefits to be realized when taking a robotic approach to
manufacturing blades for wind turbines.
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WIND TURBINES

from TOP to BOTTOM

Republic Lagun has your solutions. Versatility is key in an emerging industry.
With the demand for a wide variety of complex parts, suppliers need machines
that can handle different tasks. Republic Lagun offers a variety of machines Wind Turbine Rotor Shaft
perfectly suited for the wind industry. Get the versatility you need with machines - s )
from Republic Lagun and you too can stand tall.

Wind Turbine Rotor Hub

Bermag 5-Axis
Machining Center | l
Win rhine Blades - =
T
- L
- x

Zayer
Travelling Column
Machining Center

\Repubkc
4 B o LACUN
s@RM Vortical Mills  Hortzontal Mills h | SOl RO Machine Tool Co.

CALL USTODAY AT: (800) 421 - 2105

View all of our product lines at www.lagun.com
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NEWS

Developments in technologies, manufacturing processes, equipment
design, wind-farm projects, and legislation of interest to all wind-
industry professionals.

CONSTRUCTION

GEORGE K. BURKE, P.E.—HAYWARD BAKER, INC.

Soft or loose ground at the site of a new wind turbine tower can pose
challenges to the design of the tower foundation. Jet grouting is one
technique that can help.

MAINTENANCE

MERRITT BROWN—REV1 POWER SERVICES, INC.

Pre-end of warranty inspections assess the service history of a
project, vet out troubled turbines, and provide owners with an
expectation for post-warranty costs.

TECHNOLOGY

JOSE R. ZAYAS AND JON WHITE—SANDIA NATIONAL LABORATORIES
Sandia initiates a program to address the challenges of
manufacturing high-quality, reliable, and cost-effective blades for
wind turbines.

LOGISTICS

HUSEYIN KIZILAGAC—BDP PROJECT LOGISTICS

Leave nothing to chance by utilizing standardized processes
that can help reduce or eliminate the gaps in your

supply chain.

Q&A JONATHAN WILSON, CHAIR
Renewable Energy Committee
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I will admit that I've got a thing for industrial automation. There’s
just something impressive about watching robots locked into their
pre-programmed dance along a manufacturing assembly line.
You'll get a glimpse into that world as it applies to the wind indus-
try in “An Automated Approach to Blade Manufacturing” by Mark
Handelsman and Roberta Zald of KMT Robotic Solutions, Inc.
This is a fascinating article, and one you're sure to enjoy reading.

That’s just the beginning, though. Rich Curless of MAG Industri-
al Automation Systems continues our robotic coverage with “New
Systems for Sleeker Turbine Production” in which he discusses a
new blade fabrication system that doubles output, while multi-
tasking machine tools complete parts in a single setup, streamlining
your production process. In this issue you'll also find “Tribological
Challenges to the System” by Elon J. Terrell, Ph.D., and Jonathan
P. Kyle of Columbia University and William M. Needelman of the
Donaldson Company, Inc., and Richard L. Hackmeister of New
Avionics has written “Optical Ice Sensors for Wind Turbine Na-
celles” Andrew Tan of Zenergy Power has contributed an excellent
paper titled “A Direct Drive to Sustainable Wind Energy,’ explaining
how the most cost-effective turbines will impact the future shape of
the wind industry. Manel Romeu Bellés of Vestas Wind Systems
A/S has provided a very interesting set of contrasting construction
case studies in “Remote Site Construction”—the scale of their ac-
complishment in these two instances is simply breathtaking. To be
honest, I feel the same way about our editorial lineup for this issue.

As for our columnists, I'd like to welcome Merritt Brown of Revl
Power Services as our new maintenance column author, discuss-
ing pre-end of warranty inspections in his first installment. Jose
R. Zayas and Jon White of Sandia National Laboratories present a
value proposition for robust, reliable, cost-effective sensors in their
technology column, and George K. Burke, PE., of Hayward Baker
outlines the benefits of jet grouting during site remediation in his
construction column. Hiiseyin Kizilagac of BDP Project Logistics
closes out this section by suggesting that wind professionals leave
nothing to chance by utilizing standardized processes that can help
reduce or eliminate the gaps in their supply chain. Carolina Gear &
Components is our company profile, and Jonathan Wilson, Esq.—
chair of the American Bar Association’s new Renewable Energy
Committee—is this month’s Q&A subject. We'd like to extend our
gratitude to all of our contributors.

Like everyone else in this industry we are looking forward to the
AWEA WINDPOWER show this May in Dallas, which we hope
will provide us with the opportunity to meet with you and discuss
how we can help each other progress and prosper in the coming
years. All best!

DRt

Russ Willcutt, editor
Wind Systems magazine
russ@windsystemsmag.com
(800) 366-2185
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Achieving more. Naturally.

SSB provides the solutions and service you need
to meet the highest requirements.

MNature shows us that a down-to-earth approach produces better results.
That's why, at S5B, we focus on providing down-to-earth service when
delivering our full line of WTG solutions — from remote monitering,
maintenance, repairs and spare parts service — including major components —
to optimization of products and more. That dedication to service has been

= with us since we had only a handful of employees and it continues today
Visit us at the

WINDPOWER 2010
CONFERENCE & EXHIBITION

Dallas, Texas In May 23th - 26th
stand ne. 11659, lev!

with our 150+ employees worldwide. To learn more about how we can
help you achieve your goals, call or visit our Web site today.
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SSB SERVICE INC.

3060 S.E. Grimes Blvd., Ste. 500, Grimes, IA 50111-5007
www.ssb-group.com | 515.986.9101
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MULTIMETER CERTIFICATION FROM
SNAP-ON INDUSTRIAL

Snap-on Industrial announces the introduction of a
multimeter certification program designed to meet the
electrical monitoring requirements of technicians working
in a variety of industries, from automotive to wind power.
Snap-on Industrial, a division of Snap-on Inc., is a global
leader in the design, manufacture, and distribution of hand
and power tools, specialty tools, storage solutions, and
training to meet the needs of industry.

The program focuses exclusively on the multimeter, the
standard device used to determine the level of electrical
current, usually AC and DC voltage, amps and resistance

(ohms), present in a given
application. Typical industries
where multimeters are used
include aerospace, automotive,
energy, and engineered
products.

“The multimeter is a
standard device used by
every electrician every day,
but many other professions
require people to monitor
electrical current,” according to
Frederick Brookhouse, business
development manager. “They
need to know exactly how to
read and use a multimeter to
its full capability. This is not
an intuitive device. You need
to know where to best apply
the multimeter and what the
readings really mean.”

The certification is designed
to give employers a widely
recognized qualification that
shows a graduate has both a
base knowledge of electricity
characteristicsand demonstrated
expertise in using a multimeter.
The Snap-on Industrial program
is turnkey, meaning the company
will train and certify instructors
as part of the certification
process.

The program is designed to
give students familiarity with the
same technology they will use in
industry. It includes advanced
lab exercises, as well as hands-
on practice in an observed,
supervised environment.

The four-hour certification
course is designed to augment
existing curriculum used in
technical schools and junior
colleges across the United
States and North America. The
multimeter training program
joins torque certification, diesel
diagnostics, general diagnostics,
undercar maintenance, and
vehicle management in the
company’s overall certification
portfolio.

The Snap-on Industrial
torque certification program

Companies wishing to submit materials for inclusion in this section should contact Russ Willcutt at russ@windsystemsmag.com.
Releases accompanied by color images will be given first consideration.
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is included in technician
courses currently available at
Lakeshore Technical College
in Cleveland, Wisconsin;
Gateway Technical College in
Kenosha, Wisconsin; Wichita
Area Technical College in
Kansas; and the multi-campus
Frances Tuttle Technology
Center in Oklahoma. To
learn more contact Dale
Alberts at (262) 656-6559 or
dale.l.alberts@snapon.com.
Visit online at www.snapon.
com.

NORDIC WINDPOWER
RAISES MILLIONS IN
EQUITY FUNDING
Nordic Windpower has raised
$38 million in a new financing
round led by Khosla Ventures,
a premier investor in clean
technology companies.
Joining Khosla Ventures in
the Series C equity financing
are New Enterprise Associates
(NEA), one of the largest
venture firms worldwide,
Novus Energy Partners, a
U.S./Europe-based investor
in clean technology, and
existing investor Impax Asset
Management, a London-based
fund. Other participants
include I2BF Management,
an international clean-
tech focused investment
management group, and
Pulsar Energy Capital. The
company has previously
closed three funding rounds
since 2007 from investors
including Goldman Sachs
International, Impax Asset
Management, and NBT AS.
“Thisinvestmentrepresents
a significant achievement
for Nordic Windpower,” says
Patricia Bellinger, chairman of
the board. “We are committed
to greatly expanding access to
our high quality, innovative
two-bladed wind turbines
to communities  across
America and beyond. The
support of this world class
group of investors led by
Khosla Ventures will enable
us to build and grow Nordic

Windpower substantially, while contributing to global efforts
to reduce dependence on fossil fuels and President Obama’s
goal of energy independence.

Nordic Windpower will use the funds to scale up its business
activities involving the sale, manufacturing and service of
its innovative 1 MW, N1000 wind turbines. Last month, the
company announced the shipment to Uruguay’s largest wind
power developer of the first three of 19 turbines sold since
May 2009. The remaining turbines on order are destined for
projects in the U.S. including schools, a municipal utility, a
U.S. Army base and wind farms, with deliveries commencing in
January 2010. Several more projects are coming into the Nordic
Windpower manufacturing pipeline during early 2010.

“We are building a company that aspires to become the trusted
leader in community and distributed utility wind turbines,’

RESIDUAL _

STRESS

MEASUREM

LABORATORY & FIELD SERVICES - XRD SYSTEMS - RETAINED AUSTENITE

Reduce costs and improve quality.

Resuiual stress plays such a critical role in the fatigue life, cracking and

ion of comp that its charac ion is more important than Systar,
ever. In today’s tough economic times, X-ray Diffraction (XRD) residual f“m

stress measurement can both improve quality and help lower /
PROTS.~

companent cost by reducing scrap rates, shortening design
Mrm"ﬂw

cycles and ensuring full component life.

Our comprehensive line of XRD residual stress measurement
systems and full service laboratories have the accuracy, speed,
technology and knowledge to keep your product perfect right from the
start.

IWMTORYS.FRW:'FS FIELD SERVICES PORTABLE XRD SYSTEMS LABORATORY XRD SYSTEMS

Canada Japan

US
Proto Manufacturing Inc  Proto Manufacturing Ltd  Proto Manufacturing KK

www.protoxrd.com
1(800) 965-8378

313-965-2900
ardiab@protoxrd.com

519-737-6330
protog@protoxrd.com

047-402-2703
info@protoxrd.jp

windsystemsmag.com 9



says Tom Carbone, CEO. “Our customers will
soon realize the many environmental and cost
benefits of these wonderful, affordable and
reliable wind turbines. As the first and only
wind power company to receive a commitment
from the U.S. Department of Energy’s (DOE)
Loan Guarantee Program, Nordic Windpower
is now in a position to meet its equity
requirement, which combined with the Series
C corporate funding, will further strengthen
our growth plans”

Nordic Windpower designs, manufactures
and sells innovative, two-bladed utility-scale
wind turbines for community wind and utility
markets worldwide. More information is
available at www.nordicwindpower.com.

CAPITAL SAFETY OPENS NEW WAREHOUSE
Capital Safety has opened a new warehouse in
southern California. The new distribution hub
enables the company to dramatically improve
services to the West Coast by reducing costs,
improving shipping times, and introducing a
will-call option. “The new warehouse enables
us to deliver products quickly, or make them
available for pick up, to better serve our
authorized distributors and their customers
who have an urgent need for fall protection
equipment,” says Kevin Coplan, vice president
of sales. “After searching for the perfect
warehouse location, I believe we found it.
This facility is very easy to get to and it brings
our industry-leading fall protection products
closer to our West Coast customers.”

Capital Safety’s new warehouse will stock
some of the most popular DBI-SALA and
PROTECTA brand products, making them
available for same-day delivery in the region or
will-call pick up, and for one-day deliveries to
most parts of the western U.S. The warehouse
is easily accessible from two major freeways
and features elevated loading docks, making
it easier for customers to load the products
directly into trucks.

All of Capital Safety’s fall protection and
rescue systems are backed by extensive
training, knowledgeable technical assistance,
and professional customer service. To learn
more call (800) 328-6146, (651) 388-8282, or
visit www.capitalsafety.com.

VIBRATION ACCEPTANCE LEVELS

FOR WIND TURBINES

The wind energy sector presents many
variables that make reliability and maintenance
a challenge for all involved with wind power
plants. Wind turbines, by reason of their
design, location of installation, and operation,
do not abide by any international standard for
vibration.
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According to DIN ISO, condition-based
maintenance for wind power plants means
to maintain, visually inspect, measure, and
analyze the condition of the turbines and

perform required repairs. However, how
can one measure and evaluate vibration
components of wind turbines when they have
been excluded from international standards?

In order to increase reliability, uptime, and
operation of wind turbines, the Association
of German Engineers, Verein Deutscher
Ingenieure (VDI), in collaboration with
manufacturers such as PRUEFTECHNIK
Condition Monitoring—LUDECA’s
principals—helped in developing the VDI
3834 vibration and evaluation standard for
wind power plants. The VDI 3834 standard
will help to close the gap between this and
other well-established standards for threshold
values of specific components. This means
that vibration signals of wind power turbines
are no longer a problem to measure and
evaluate when using a vibration analyzer
such as VIBXPERT® and its OMNITREND®
PC software which both feature built-in VDI
measurement standards.

“Manufacturers and plant operators can
now benefit from utilizing the vibration
threshold values of drive train components,’
says Dr. Edwin Becker, head of the service
and diagnostic center of PRUEFTECHNIK.
“Consequently, they can deal with the
challenge of maintaining these components
in well running conditions. Proper alignment
between the drive train and balancing of
the rotor blades are important to condition
monitoring of wind turbines”

LUDECAwind is a vendor of wind turbine
alignment and condition monitoring solutions,
including installation and start-up of condition
monitoring systems, telediagnosis services
with remote monitoring, laser alignment
and geometric measurement systems, and
continuous alignment monitoring, as well as
training and consulting. For more information,
visit www.ludecawind.com

NOISEFREE LININGS FOR WIND TURBINES
FROM CARLISLE

Carlisle Industrial Brake & Friction introduces
NoiseFree brake linings for wind turbine



On-Site, On Call Repairs and Maintenance for
Blades, Nacelles and Spinners.

Wind Energy Services Company (WES) provides
rapid response, on-site composite repairs and
maintenance for wind energy equipment.

Highly skilled mobile service teams are trained and
equipped to quickly assess and repair damage to
composite components incurred from lightning strikes,
weather/environment, shipping and installation.
Repairs can be handled prior to erection, up-tower,
on-site with the blade removed, or off-site for
extensive factory repairs.

Nation-wide service with more than 100 technicians on
call to keep your operations running profitably. Call today
for more information on how we can support you.

www.windenergyservicesusa.com

Facilities in Worthington, MN and Sweetwater, TX ¢ Phone 877-349-2523
We'll see you at WINDPOWER 2010 booth 10741

Expert Composite Repairs
for Wind Energy Blades,
Nacelles and Spinners

Structural Cracking Including:
lightning damage, leading-edge
erosion and coating failure;
blade balancing; cosmetic/
general warranty needs.

New Site Construction: On-the-
ground inspection; transport
damage repair; blade sign-offs.

Inspections: Repair
diagnostics (with scope,
photo documentation).

Demolition: End of life blade
dismantling and disposal.

WES

WIND ENERGY SERVICES COMPANY

We Keep Wind Energy Moving Across North America



yaw braking applications. The NoiseFree
range of brake linings have been specifically
developed by Carlisle to meet the demanding
requirements of yaw braking applications,
where a high brake friction coefficient is
required in combination with a long service
lifetime and noise free operation.

NoiseFree linings are manufactured from
a proprietary non-asbestos material at the
company’s 1ISO9001 friction plant where the
friction material is co-molded directly onto
the backing plate to provide excellent shear
strength and in-service integrity. This unique
construction process ensures that this range
of linings outperform any other organic lining
available, enabling customers to increase their
service intervals and maximize the revenue
generated from their wind turbines. NoiseFree
linings are available in a range of many
different shapes, dimensions, and thicknesses
to fit all commonly used wind turbine calipers,
including products supplied by Svendborg
Brakes, Sime-Stromag, and Antec.

For over 50 years, Carlisle Industrial Brake
& Friction has produced a wide range of
brake system products for the world’s
most recognized OEMs in the agricultural,
construction, military, mining, industrial,
and wind turbine industries. Carlisle brake
system products include hydraulic disc brakes
for yaw, rotor, service and park applications,
mechanical park brakes, full circle brakes,
hydraulic brake valves, master cylinders,
boosted master cylinders, and a wide range
of friction materials. To learn more contact
Phil Rhead at +44 1283 711 706 or wind.
sales@carlislebrake.com. Go online to www.
carlislebrake.com.

NEW ACTIVE HARMONIC FILTER

FROM ARTECHE

Arteche PQ, Inc.—a leading manufacturer of
electrical power quality equipment for the
improvement of power factor and reduction
of harmonic distortion—has introduced a
complete range of active harmonic filters.
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This new filter product line achieves 5 percent
total harmonic current distortion (THD) by
monitoring the flow of harmonic currents on a
power system and injecting the precise amount
of cancellation current that will reduce the
harmonics to minimal levels. This new range
of filters is UL listed and extends all the way
from 25 amps (harmonic cancellation current)
to 1200 amps.

Gary Anderson, president and general
manager, says that “Our new AHF series of
filters rounds out our complete offering of
harmonic filters and expands our ability to
serve customers with the latest technology of
solutions. The new AHF is a valuable addition
to the other five technologies that Arteche
offers for mitigating harmonics.

The Arteche Group is a privately held
European manufacturer that has been in
business for over 60 years. Their corporate
headquarters is located in northern Spain
with eight manufacturing facilities throughout
the world. Their products are used globally by
utilities, as well as commercial and industrial
customers. With more than 1,500 employees,
including 450 engineers, Artech produces
electrical equipment for low-, medium-, and
high-voltage electrical systems. Arteche PQ,
Inc., a Wisconsin corporation and subsidiary
of Arteche Group, specializes in the design and




manufacture of products that improve
electrical efficiency and the quality
of electrical power in a facility, on a
transmission grid, or on an electrical
distribution network. They are a single
source for virtually all harmonic filter
technologies in use today, including low
passharmonicfilters, 18-pulse converters,
tuned filters, automatic harmonic filters,
dynamic, soft switching filters, and active
filters. For more information call (262)
754-3883 or go to www.artechepq.com.

TEREX SPEEDS UP WIND FARM
CONSTRUCTION

The Schuch Group has expanded its
crane fleet to meet new demands in
its upper lifting capacity segment. The
lifting and transport company needed a
cost-effective unit that would be ideally
suited to efficient wind turbine erection
operations. A Terex® AC 500-2, featuring
a maximum lifting capacity of 500 metric
tonnes, was selected as the newest
addition to the fleet. Saarbriicken-based
A.K.V. Kranvermietung is in charge of
the unit within the Schuch Group. The
AC 500-2 saw action for the first time in
August, near Monchengladbach, when it
erected an entire wind farm next to the
small town of Willich.

The turbines, manufactured by
Fuhrldnder, consisted of a turbine house
weighing a total of 58 metric tonnes and
individual tower sections, each weighing
33 metric tonnes. The turbines’ three-
blade hubs added another 36 metric
tonnes to the assembly.

Crane operator Andreas Portz set
up the crane with a 180-metric tonne
counterweight—a simple, time-saving,
and safe procedure made possible by
the machine’s automatic counterweight
system. Ballasting is handled from the
cab and does not require any manual
intervention. “Deadlines keep getting
tighter and tighter at construction sites.
The time required to set up a machine
so that it is ready for operation is a
crucial factor in today’s world, which is
why quick setup times are so incredibly
important,” Portz says, explaining that
he used a 36-meter [118-ft] jib to extend
the crane’s main boom and adjusted
the machine’s Sideways Superlift (SSL)
system to an angle of 30°.

The Terex AC 500-2 is one of the
smallest units available in the large crane
segment (compared with 700-metric
tonne and 1,000-metric tonne units).

Your Insurance
Policy

Asset Management
{J Services

_1-866-Rev1|'~]6w

Sa

windsystemsmag.com
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Its large lifting capacities and
enormous system length provide
it with an unparalleled level of
flexibility, an advantage when
working with wind turbines. With
an undercarriage length of 17.1
m [56.1 ft], the Terex AC 500-2 is
the most compact eight-axle crane
in its class. A maximum working
height of 145.8 m [478.3 ft] can be
achieved with a luffing fly jib. The
crane provides enormous power
across all lifting capacity ranges,
a feat made possible by several
features, including an enhanced
main boom cross-section and
reinforcement provided by the
Sideways Superlift system. The
crane’s star-type outriggers help
minimize system deformation
and provide the level of stability
required by the unit. To learn more
go to www.terex.com.

UL LISTED POWER
DISTRIBUTION BLOCKS FROM
MARATHON

Marathon Special Products has
released a new series of UL listed
power blocks. The features of the
135 Series Power Distribution
Blockincludehigh currentcarrying
capacity (up to 950A), wide range
of wiring options, hinge cover,
and suitability for UL508A control
panel applications with short
circuit current rating (SCCR) up
to 100,000 SYM amps.

According to James Hemp,
senior project engineer, “the
advantage of using a 135 series
listed power distribution block
versus a recognized block is that a
listed block (UL1953) can be used
in ‘as supplied condition’ since it
meets the feeder circuit terminal
spacing requirements per UL508A
section 10.2”

The 135 Series Power
Distribution Blocks comply with
National Electric Codes (NEC)
for use in service equipment.
Since these blocks are UL listed
and service equipment rated,
they are suitable for applications
where system components must
be connected in the field. This
includes installation in wireways,
junction boxes, termination
boxes, and similar applications.
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Applications include connection of modular tower
sections for wind turbines, large motor connections, and
interconnection of multiple panels in control and power
distribution systems.

Marathon Special Products has been an industry leader
in electrical/electronic components designed for circuit
protection and connection applications for over 60 years.
Its product offering includes fuse holders for power fuses,
power distribution blocks, touch-proof power blocks,
single and double row terminal blocks, heavy duty terminal
blocks, and NEMA and DIN sectional terminal blocks.
Marathon Special Products is a division of Regal-Beloit
Corporation. For more information call (419) 352-8441 or
visit www.marathonsp.com.

NEW LAF SERIES POWER SOURCES FROM ESAB

ESAB Welding & Cutting Products introduces the new
LAF DC power sources. The LAF series are three-phase,
fan-cooled DC welding power sources designed for high
productivity mechanized submerged arc welding or high
productivity GMAW welding. They are designed to be
used in combination with ESAB’s A2-A6 equipment range
and the A2-A6 Process Controllers (PEK or PEI).

LAF welding power sources offer excellent welding
characteristics throughout the entire current and voltage
range, with particularly good starting and re-ignition
properties. These power sources demonstrate good arc
stability at both high and low arc voltages. The welding
power source can be adjusted and monitored from the
front panel of the process controller for easy adjustment of
all welding parameters. The welding current range can be
extended by connecting two power sources in parallel for
the most demanding applications.

The power sources are designed to be used with the
fully digital PEK controller for maximum functionality
or with the PEI controller with basic functionality for
less demanding applications. Communication is vital in



automation applications. Therefore the power source
is prepared for communication using most standard
protocols including TCP/IP (LAN), Anybus, Profibus,
CAN, or even straight communication with a PLC.
Optional communications modules are also available.

LAF power sources are ideal for production of wind-
power components, nuclear power vessels, heavy pipe,
and boilers, and they are popular in shipbuilding and
automotive applications. For more information call
(800) ESAB-123 or go to www.esabna.com.

REPOWER RECEIVES CONTRACT

FOR MINNESOTA PROJECT

REpower Systems AG has received a contract from
National Wind LLC, America’s leading large-scale
community wind project developer, to supply 20 wind
turbines. The REpower MM92 type turbines have a
rated power of 2.05 MW (megawatts) and a hub height
of 100 meters. The turbines will be used in the first
phase of the Lake Country Wind Energy project in
central Minnesota. All phases of the project will total
340 MW.

Following the successful construction of projects in
Washington, Oregon, Indiana, Michigan, and California,
these are the first wind turbines that the U.S. subsidiary
of Hamburg-based REpower Systems AG will deliver
to Minnesota. “The U.S. market is gradually starting to
recover,” says Per Hornung Pedersen, CEO. “This order
and the other signed contracts in the last few months
show that our North American business is slowly
picking up again.”

Steve Dayney, CEO of REpower USA Corp., adds that
“We are pleased to be collaborating with National Wind
for the first time and to be entering a new state with the
Lake Country project. Minnesota is one of the fastest-
growing U.S. states for the wind business, which makes
it an important and promising region for us”

“We strongly value our new relationship with REpower
and look forward to building upon it says Jack Levi,
co-chair of National Wind. “Securing wind turbines is
a significant project milestone for Lake Country Wind
Energy. Not only is REpower’s turbine technology an
ideal fit for the project’s wind regime, it also advances
Lake Country’s first phase toward late 2010 construction.
It is exciting to bring Meeker and Kandiyohi Counties’
first utility-scale community-owned wind project closer
to reality”

REpower USA Corp.-headquartered in Denver,
Colorado-has installed or sold more than 400
wind turbines with a total output of over 800 MW in
the U.S. since 2007. For more information go to www.
repower.de.

STANLEY PROTO EXPANDS LINE OF

TORQUE TESTING EQUIPMENT

With the introduction of new test and calibration
equipment, Stanley Proto has positioned itself as a full
torque solutions provider. Most companies that use
torque wrenches have regularly scheduled calibration
checks. To help meet this need Proto is introducing a

Continued on page 59 >
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George K. Burke, PE.
Hayward Baker, Inc.

When conducting site remediation, jet grouting is one technique to consider
for improving poor soils without removing the existing structure.

SOFT OR LOOSE GROUND AT THE SITE of a new
tower can pose challenges to the design of the
foundation. Jet grouting can modify this ground
into soilcrete; a cemented material significantly
stronger than soil. Wind tower foundations bear-
ing on soft or loose ground can experience ex-
cessive settlement and bearing capacity failure.
If identified prior to construction these soils can
be improved or bypassed with a deep foundation
system. However, many times poor soils are de-
tected after foundation con-
struction, as the foundation
shows excessive deflection.
In these cases the existing
foundation can be under-
pinned or existing soils can :
be improved without remov- Lj l/
ing the existing foundation.
Jet grouting is one technique
for improving poor soils
without removing the exist-
ing structure.
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on soil conditions and erosion energy imparted to
the soil. For wind tower foundations, the pattern
of soilcrete columns is usually circular around
the perimeter of the foundation. In this way load
is transferred symmetrically to deeper, more-
competent ground. If required, uplift loads can
be resisted by inserting steel elements (anchors)
into the soilcrete and attaching them to the tower
foundation. If a tower settles differentially (leans
out of tolerance), jet grouting can be used to sta-
bilize the soil causing the set-
tlement. After stabilization,
measures can be taken to re-
turn the tower to vertical.
There are three primary
methods of jet grouting, all
developed in the 1970s: single
fluid, double fluid, and triple
fluid. Single fluid uses only
grout slurry to erode the soil
and create the soilcrete. Dou-
ble fluid uses an air shroud

Triple Fluid

1or 2 Nozzles

Jet grouting is performed
with specialized equipment.
Initially a borehole is drilled
to the base of the weak soils.
Fluids are then pumped
through specialized drill
rods and nozzles. The high
exit velocity from horizon-

around the jet of grout slurry
to increase erosion efficiency.
Triple fluid uses an air shroud
surrounding a water jet for
erosion, while injecting ce-
ment slurry to create the
soilcrete. The determination
of the appropriate system is

tal jets erodes the ground in
place and mixes the soil with
cementitious grout slurry,
producing a soil/cement ma-
terial referred to as soilcrete. During jetting the
drill rod is rotated as it is extracted, producing
a column of soilcrete. Upon curing the soilcrete
acts more like rock than soil.

Jet grouting is routinely used to support heavy
loads, underpin sensitive structures, and mitigate
seismic issues. It can be effective in nearly all
soils except stiff clays. Although jet grouting can
be applied as foundation support for a new tower
foundation, the more common application is to
remedy conditions beneath an existing tower. An
attractive aspect of the technique is that a small
diameter corehole through a mat foundation is
the only access required to create a large diam-
eter soilcrete column below the foundation.

The treatment geometry depends on the appli-
cation and ground conditions. Soilcrete column
diameters can range from 3 to 15 feet, depending

usually made by the specialty
contractor based on the re-
quired geometry and ground
conditions. Because the sys-
tems require consistent control and high energy,
specially modified equipment is used. Quality
control may include an automated data acquisi-
tion system to ensure consistency of the grout
and installation properties. Soilcrete samples
are typically retrieved by sampling either wet or
cured soilcrete. Wet samples are cast into molds
and cores are cut into pieces for unconfined com-
pressive strength (UCS) testing. Soilcrete is com-
monly designed for UCS values ranging between
50 to 750 psi, and with elastic modulus values
between 50 to 150 ksi.

As described, jet grouting can provide founda-
tion support and remediation for existing wind
tower foundation systems founded on poor soil
conditions. This is often an effective, cost-effi-
cient alternative to complete reconstruction of
the foundation system.

George K. Burke, PE., is vice president of engineering for Hayward Baker Inc., the leading specialty foundation and ground
improvement contractor. He can be reached at gkburke@haywardbaker.com. Go online to www.haywardbaker.com.
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MAINTENANCE

Merritt Brown
Rev1 Power Services, Inc.

Pre-end of warranty inspections assess the service history of a project, vet out
troubled turbines, and provide owners with an expectation for post-warranty

costs.

BY THE END OF 2010, for the first time in U.S.
history more wind turbines will be operating
out of warranty than will be covered. This trend
will continue through the decade, causing main-
tenance and repair to become larger issues for
project owners. Unscheduled maintenance costs
that have degraded profits of turbine manufac-
turers during the warranty period will soon be
shouldered by project owners, negatively affect-
ing a wind company’s profitability. Unfortunate-
ly, actual warranty period service costs are rela-
tively unknown to the project owner, and held
closely by the original equipment manufacturer
(OEM). With high repair costs and lost produc-
tion on the line, putting the pieces together for a
post-warranty maintenance program starts well
before the warranty is over.

Since most OEMs would be unwilling to
share their true warranty cost exposure, taking a
stealth approach to obtaining this critical infor-
mation is necessary. Generally speaking, project
owners should conduct a pre-end of warranty
due diligence inspection during the three to
six month period before the warranty expires.
This inspection may be the most important and
valuable assessment made on behalf of the own-
er who will incur the ongoing operations and
maintenance (O&M) costs following the cov-
erage period. Even something as practical as a
review of warranty service reports can provide
a wealth of information, revealing historic parts
usage, serial issues, labor requirements, and
possibly even the cost basis for a post-warranty
O&M budget.

With no additional business at risk a quali-
fied Independent Service Provider (ISP) is the
best option for balanced, impartial inspection
results. Selection of an ISP should be made
based on their experience in performing qual-
ity inspections for the specific turbine platform,
something that will ensure the highest level of
technical qualification and expertise. Areas
that may be considered as standard for an end
of warranty inspection include a quality assur-
ance (QA) walk down using the turbine man-
ufacturer’s checklists for mechanical comple-
tion, commissioning, and routine service QA.
An OEM will typically provide these lists with

the supplied turbine manuals, and they support
the beginning of a thorough inspection that can
help find issues that are common to a project or
a turbine platform. An owner can expect the ISP
to validate such items as bolt torque settings,
component operation and wear, lubrication
system integrity, and the reliability of installed
safety equipment. Though these OEM checklists
will expose the obvious deficiencies of a turbine
condition, a project owner would be wise to
expand the end of warranty inspection to in-
clude oil and grease analysis (gear and bearing
degradation), vibration monitoring (mechanical
failure or alignment issues), borescope inspec-
tion of gearboxes, and infrared analysis of tur-
bine and balance of plant electrical components.
These inspections can be conducted simultane-
ously and offer information that can prove to be
quite valuable in avoiding potential warranty
claims and establishing a baseline for post-war-
ranty maintenance.

Gearbox and generator rebuilds are the two
most costly maintenance items for a wind proj-
ect. Not only are the replacement parts expen-
sive, but major expense is also associated with
mobilizing the crane needed to repair these
components. Simply failing to notice a single
$1,000 bearing problem can lead to total repair
costs exceeding $200,000 for a modern, multi-
MW wind turbine. Added to lost production
revenue, one post-warranty gearbox failure can
account for as much as 10-15 percent of the
price of the turbine. For these reasons owners
should give top priority to gearbox inspections
as part of the end of warranty walk down.

The purpose of a pre-end of warranty inspec-
tion is to assess the service history of a project,
vet out troubled turbines, and provide the owner
with an expectation for post-warranty costs. The
inspection results will also confirm the quality
of service being provided during the warranty
period, and whether or not the turbines have
been serviced properly and in accordance to the
OEM’s obligations. In the next installment we
will explore the common findings from an end of
warranty inspection and how such information
can build a strong preventative maintenance
program during the post-warranty period.

Merritt Brown is director of business development with Revl Power Services and Rev1l Wind. To learn more
call (866) REVINOW or go online to www.reviwind.com.
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TECHNOLOGY

Jose R. Zayas & Jon White
Sandia National Laboratories

As designs progress and new technologies emerge, the authors present a value
proposition for robust, reliable, cost-effective sensors.

AS WIND TURBINES HAVE GOTTEN LARGER
over the last couple of decades, it is difficult
to imagine the limitations in size or the future
innovation that will be part of next-generation
designs. Over time the industry has continued
to develop larger utility-scale wind systems
to leverage the economies of scale and capi-
talize on wind resources available at higher
elevations. Although wind systems today look
much like the ones 20 years ago, both expe-
rience and fundamental knowledge has been
applied to current designs, enabling them to
be cost effective and reliable.

Although most machines today share
the same architecture as the older models,
advancements in sensors, controls, and power
electronics has provided opportunities for
designers to develop algorithms and opera-
tional strategies that continually attempt to
maximize energy capture, load management,
and reliability.

A typical turbine today relies on hundreds
of sensors for their effective operation and
survivability. The role of those sensors vary
from control observers—wind speed, high-
speed shaft RPM, pitch position—and fault
detections, including generator over temp and
cable twist, to conditional health monitor-
ing of gearbox lubricant quality and vibration
levels, etc. The effective operation of these
sensors is crucial for the safe operation of the
machine and must operate reliably through-
out the design life, which is typically 20 years.
This strategy is increasingly important for
offshore systems, as machines are more com-
plicated and have limitations in access when
compared to land-based systems.

In the future sensor systems may play an
even larger role on wind turbines. Currently,
U.S. and European laboratories are engaged
in the development and application of sensor
and operational measurement methods. Some
of the key objectives include: determination
of inflow loads and damage state (Sandia),
advanced condition monitoring of gearboxes
(NREL), and monitoring localized aerodynam-
ic flow conditions (Riss DTU National Labo-
ratory). These technologies are all targeted at
building a smarter wind turbine that can itself
identify the loads being applied by the wind,

the damage created by these loads, and deploy
control strategies to mitigate the loads while
maintaining optimal power productions.

In order for newer, higher-fidelity sensors
to be adopted there are several challenges/
observations that must be addressed: sensor
arrays and interrogator must have minimal
cost, simple installation, and an operational
life on the order of years, and tens of years.
Over these long durations of application the
sensor must also maintain calibration and
sensitivity, otherwise type 1 and 3 errors (false
positive and false negative) will reduce the
reliability and usefulness of the technology.
Sandia’s sensor program is focused on identi-
fying sensor technologies that can potentially
fulfill these design requirements. Currently,
Fiber Bragg strain sensors interrogated over
fiber optic lines, ruggedized accelerometers,
hot-film aerodynamic sensors, and aerody-
namic surface pressure taps are all simultane-
ously being investigated. Each sensor technol-
ogy is evaluated to determine the relative cost
which is dictated by the number of sensors
required to accurately monitor the rotor blade,
the cost of the interrogator used to measure
the sensor signal, and the optimal/reliable
method for integrating and protecting the
sensor to maximize survivability.

Examples of the adoption of new sensor
technologies can be seen in several com-
mercial machines, with several wind manu-
facturers relying on fiber optic networks on
the blades to enhance operation and control
strategy. These sensors offer flexibility, in that
many sensors can be placed in a single fiber
line and incorporated into the manufacturing
process.

As we foresee future designs, it is important
to acknowledge that innovation will continue
to play a key role in making wind systems
more reliable and cost-effective. Sensor tech-
nologies are just one of those key elements
that will continue to contribute to turbine
optimization. It is conceivable that sensors
will not only contribute to single turbine
improvements in the future, but will also be
utilized for wind-plant operations, as ma-
chines could have the ability to adapt to
address real-time conditions.

Jose R. Zayas is program manager, Wind & Water Power Technologies, and Jon White is a doctoral candidate at
Sandia National Laboratories. Go online to windandwaterpower.sandia.gov.
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LOGISTICS

Hiiseyin Kizilagac, BDP Project Logistics

Leave nothing to chance by utilizing standardized processes that can help reduce
or eliminate the gaps in your supply chain.

WIND POWER COMPANIES ROUTINELY face
performance issues throughout their supply
chains. These functional “gaps” often become
problems that can prove very costly. Some gaps
are more obvious than others. For example,
detentions are among the biggest challenges...
detentions of trucks because equipment isn’t
ready to be picked up, of ships when it’s not
delivered to the port on time, and at the job-
site because roads aren’t completed.

Ship detentions are particularly expensive.
“Laycan” is a chartering term that stands for
laydays—agreed dates within which vessels
can arrive to load cargo—commencement,
and cancelling. It specifies the earliest date
on which laytime, or time allowed for loading
or discharging, can commence, and the latest
date after which the charterer can cancel the
charterparty.

Natural forces also play a spoiler role, when
winds are over a certain Beaufort and the
project is on hold because nothing can oper-
ate. Each supply chain gap demands extra ef-
fort, resulting in additional costs. Although
you can’t control natural forces, you can
maximize control of the transportation inter-
faces. You want to do more than just plug the
gaps in your supply chain. Instead you want a
longer-term, standardized solution that puts
you in control so that events don’t control you.
It should be routine. That is where an expe-
rienced logistics service provider can help.
Accurate planning enables you to fill gaps and
avoid unnecessary costs affecting your sched-
ule and bottom line.

INFORMATION

There are many gaps that can go unnoticed,
including lack of timely information, poor
data input and output, and inaccurate cost
estimates. We recommend you select a logis-
tics provider that has reliable, state-of-the-art
business intelligence tools so you can proac-
tively handle potential detention issues, pref-
erably via an online customer service portal
that provides tracking information. One click
and you should have access to the movement
of information and material and be able to
check the delivery of your cargo.

Look for a system that provides alerts, track
and trace, documentation, reports, and metrics.
The system should be scalable to individual
KPIs, duties, and tasks.

Improved data exchange puts you in con-
trol of the visibility of information so you
can respond immediately to the issues that
drive your projects: end-to-end, real-time in-
formation that translates into reduced risk,
improved savings, and bottom-line value to
your company. Remember that visibility = val-
ue, and value = $.

The system should be proactive so that you
and your logistics provider can automatically
receive information based on an event taking
place: when an event should take place, or if it
did not take place. Details such as estimated vs.
actual departures, or the transit time of a par-
ticular vessel. Alerts should be set up by car-
rier, people, origin, and destination. This way
exceptions drive the reports and their non con-
formances, giving you a visual timeline. You can
measure not only if an event does or does not
take place, but also the time difference between
what is promised and what actually happens.

BY THE NUMBERS

Another potential information gap is pre-bid
calculations. Your logistics provider could be
estimating costs for projects that may be years
down the road. The estimate must be thorough
and accurate, not only for current planning but
also for the longer term, when the project is
implemented. Your provider should consider
inflation, and support their calculation. Many
elements have to be considered, including an-
nual transportation cost increases by country
such as railway tariffs. Like any information
system, data input is as important as data out-
put. A reliable logistics provider will obtain
details on every component that has to be
quoted.

By allowing your project logistics provid-
er to help you standardize the steps in your
supply chain you will eliminate many, if not
all of the gaps and performance losses that
can prove costly to your wind power project.
Remember there is no substitute for industry
expertise.

Hiseyin Kizilagac is director of business development for BDP Project Logistics. Call + 49 911 965223-19,
e-mail hueseyin.kizilagac@bdpprojects.com, or go to www.bdpprojects.com.
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In order to manufacture the large, dependable gears required by
the wind-energy market, experience is a must. That's something
this company has in abundance.
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AS THE WIND INDUSTRY CONTINUES
its upward trajectory throughout North
America, some gear manufacturing com-
panies will be better prepared to service
the market’s needs than others due to the
nature of their experience and existing
capabilities. One such company is Caro-
lina Gear & Components, or CGC, which
has spent years manufacturing large
components for mining, metal process-
ing, and heavy machine tooling applica-
tions, in addition to many others. But the
company possesses other advantages as
well, according to its managing director,
Cosmin Carpinisan.

“CGC used to be a division of Moven-
tas, and I'd worked with them for many
years before we had the opportunity to
purchase its open-gearing assets in De-
cember of 2008, and then all of its wind
component manufacturing assets almost
exactly a year later,” he says. “We’ve since
become their number-one supplier of
wind components in North America.

A mechanical engineer by training,
Carpinisan has worked in all aspects of
gearing, including design, sales, manage-
ment, and manufacturing. This wealth of
knowledge and hands-on experience is
helping establish the company through-
out North America, where the bulk of
its customers are located, and carrying
its reputation into potential new territo-
ries such as South America. At present,
however, CGC is busy filling the orders
it currently has in place, while expanding
its facilities and capabilities.

“When we began operations in 2008
we had seven people working here, all of
whom came from Moventas,” Carpinisan
says, adding that the company is based
in Cambridge, Ontario. “Now we’re up to
20 experienced gear manufacturing pro-
fessionals, and we also have a new addi-
tion under construction that will double
our facility space to 50,000 square feet.
And while we subcontract services such
as heat treating, we oversee the entire
operation, machining the blanks and
handling the finish grinding ourselves.

We are dealing with large course-pitch
pinions and also gears up to 10 meters
for the mining and wind-energy markets,
and all strictly according to AGMA, ISO,
and DIN standards.”

Carpinisan finds himself on the road
quite often these days, traveling to meet
with clients to observe their operations
and determine how CGC can help them
to meet their project goals, and also to
help with fixturing and tooling. This
close communication provides a deep
understanding of how a customer ap-
proaches its work, what markets it serves,
and what its needs will be in terms of
delivery times. In addition, his broad
experience in gearbox design and gear
manufacturing allows him—along with
his colleagues—to make suggestions that
can lead to greater production efficien-
cies. CGC can also help its OEM custom-
ers to redesign for increased horsepower
or improved load ratings and gear life.

Once the company has moved into its
new quarters this summer it will con-
tinue exploring new markets in addition
to those in which it is currently active,
including minerals processing, cement,
pulp and paper, environmental/recycling,
rubber, sugar processing, telecommuni-
cations, and cranes, in addition to those
previously listed. It will also keep work-
ing to build its reputation in the wind-
energy industry as a supplier of quality
gearing that takes project deadlines and
commitments seriously. CGC also plans
to explore additional capabilities and
services such as gearbox maintenance,
repair, and retrofitting.

“What I've learned over the years is
that you should listen and gather infor-
mation first,” Carpinisan says, “and once
you have a true understanding of the
customer’s needs that’s when you can
begin to apply your own experience to
the situation. And between all of us here,
we have a great many years of combined
experience in manufacturing gears of all
types, no matter the size, material, or
end use” A

Call (519) 623-8806, e-mail sales@cgc-group.net, or go to www.cgc-group.net.

windsystemsmag.com
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TRIBOLOGICAL CHALLENGES

TO THE SYSTEM

As wind turbines increase in size, and
their operating conditions become more
extreme, a number of current and future

tribological challenges exist.

Elon J. Terrell, Ph.D., William M. Needelman, and Jonathan P. Kyle

Elon J. Terrell, Ph.D., is on the mechanical engineering faculty at Columbia University, where Jona-
than P. Kyle is a student, and William M. Needelman is with the Donaldson Company, Inc. Go online

to www.columbia.edu or www.donaldson.com.

THE DRIVE FOR AN INCREASE the amount of sus-
tainable energy sources has given rise to increasing
interest in the development of wind turbine tech-
nology. Although wind turbines are being increas-
ingly installed around the world, several of the com-
ponents in a wind turbine have challenges related to
tribology that can drastically reduce their expected

lifetimes.

INTRODUCTION

Most modern wind turbines are configured with
three composite blades in a horizontal-axis setup,
transmitting rotational power to the hub of a cen-
ter nacelle that is mounted onto a steel tower. The
nacelle itself contains a main driveshaft onto which
the blades are connected, as well as a gearbox and
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generator. The rotational power from the blades
is thus converted into electrical power inside the
nacelle.

Although wind turbines are being increasingly
used around the world, wind turbine manufactur-
ers and operators are consistently faced with tribo-
logical issues that drastically reduce the lifetimes
of gearbox systems and increase costs. The ANSI/
AGMA/AWEA 6006-A03 standard [1], which was
developed for the specification of wind turbine gear-
box design, contains maintenance specifications
based upon an expected gearbox failure lifetime of
20 years. However, a number of investigations [2]
have demonstrated that repair and/or replacement
of gearboxes is required over significantly smaller
time intervals than that which is expected. The ad-




ditional cost of providing unexpected maintenance
and/or repair to wind turbine systems significantly
affects the cost of wind energy as a whole.

TRIBOLOGICAL COMPONENTS

Gearbox: The gearbox in a wind turbine system
generally employs three stages of gear enhance-
ments in order to provide the appropriate speed
ratio between the low- and high-speed shafts.
The diagram of a typical gearbox configuration is
shown in fig. 1. Each stage can be designed in ei-
ther an epicyclic or parallel arrangement, with one
or two intermediate shafts used to transmit power
between the low-speed and high-speed shafts.
Because of its harsh operational environment,
the gearbox as a whole must be developed with a

High Speed Shaft

‘ Bearing
. Intermediate
~ Shaft
Planet
Bearing

Fig. 1: Diagram of a wind turbine gearbox system.
(Adapted from ref. 7)

number of design considerations. In particular, the
gearboxes must be designed to handle highly vary-
ing loads from the low-speed driveshaft due to the
transient nature of wind. The gearbox must also con-
tend with braking loads when the overspeed brake
is engaged, as the brakes on most wind turbine sys-
tems are connected to the high-speed shaft [3]. The
gearbox may also be subjected to contamination and
large variations in external temperature. Efficiency
and noise generation are also significant concerns
that are considered in wind turbine gearbox design.

The gears of a wind turbine system are subjected
to both rolling and sliding contact under varying
load. In order to prevent wear damage to the gear
teeth, the gears are typically lubricated using oil. The
oil serves to create a thin film between the mating
gears, allowing for elastohydrodynamic lubrication
(EHL) between the mating surfaces.

Yaw Drive: The yaw system serves to orient the
blades in the direction of the wind. This movement
is normally only made a few degrees at a time [4]. A
commonly used yaw configuration involves a rolling
slewing bearing that uses a rack-and-pinion system
to allow several motors to control the axial motion.
When the correct yaw position is reached, several
brake calipers clamp onto a rotor on the yaw drive in
order to fix the yaw direction.

Pitch Drive: The base of each wind turbine blade
contains an actuator (either hydraulic or electro-

Fig. 2: Wind turbine gears that have been subjected
to micropitting. (Copyright © 2000, GEARTECH.)
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Fig. 3: Influence of particle material on rolling con-
tact fatigue life. Different types of particles have
different material properties, leading to different
sizes and shapes of damage on rolling surfaces.
For each type of particle, probability of harmful
surface dents increases with higher concentration
of particles in oil.

magnetic) to actively adjust the angle of attack, or
pitch, of each blade into the wind. The pitch varia-
tion allows the blades to extract an optimal amount
of power under varying wind speed conditions, and
also protects against gusty wind situations. The
pitch bearings are directly exposed to the harsh en-

vironment, and must operate under severe loads.

Low-Speed Bearing: Because the main or low-
speed shaft is directly coupled to the blades, the
low-speed bearing is subject to cyclic stresses that
can cause premature failure. The cyclic stress is
caused by the varying torque of each blade as it
rotates from the highest altitude (where the wind
speed is greatest) to the lowest point (where the low
altitude and the presence of the tower causes the
wind speed to be fairly low).

High-Speed Bearing: Studies have shown that
the high-speed bearing is one of the areas of the
wind turbine that is most susceptible to failure [4].
A combination of cylindrical roller bearings, four-
point contact ball bearings, and/or tapered roller
bearings are used to support the applied radial and
thrust loads.

Filtration Issues: The gearbox oil is circulated us-
ing a distribution system inside the nacelle. In addi-
tion to lubricating the mating components, the dis-
tribution system also serves to filter contaminants
from the oil and regulate the oil temperature. Par-
ticle removal efficiency of filters may be limited by
pressure losses across the filters, especially during
cold starts due to higher oil viscosity.

CONTAMINATION ISSUES
Contamination from both solid particles and water
entrainment can be common in wind turbines, and
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Fig. 4: Chart of tribological chal-
lenges faced in the various compo-
nents of a wind turbine.

both have detrimental effects on
the lubrication of gears and bear-
ings.

Particulate Contamination:
Particulate contaminants pose
a significant danger if entrained
between contacting surfaces. In
concentrated sliding contacts
(gears) hard particles abrasively
wear away material, leading
to loss of clearance and loss of
power transmission efficiency.
Trapped particles in rolling con-
tacts may cause micropitting
(dents in the contacting surfaces,
as shown in fig. 2), and also the
initiation of surface cracks, lead-
ing to fatigue spalling. Contami-
nant particles can either be built
in during start-up, be entrained
from the environment during
operation, or be internally gen-
erated. As shown in fig. 3, hard
ductile particles typical of gear
teeth wear debris are the most
damaging for fatigue spalling [5].

Water Contamination: Con-
tamination from water is also
a major issue in wind turbine
gearbox design. The ANSI stan-
dard [3] lists many of the possible
detrimental effects of water con-
tamination to the gearbox lubri-
cant. In particular, wind turbine
operators have observed that
water entrainment in gearboxes
can significantly degrade the
gearbox lubricant by causing the
lubricant to foam or lose its abil-
ity to create a sufficient film for
EHL contact. Water contamina-
tion can also cause the formation
of rust on internal components,
or react with the additives in
the lubricant and diminish their
effectiveness. In order to mini-
mize or eliminate the effects of
water contamination before the
wind turbine is placed into ser-
vice, it is generally accepted that
the manufacturing environment
must be clean and dry, and the
components must be shipped to
the operation site in a manner
in which it is sealed from water
entrainment. After being placed
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into service, wind turbines can still be subject to water contamina-
tion depending on their operating environment [6].

ADDITIONAL NOTES

A chart of the tribological challenges that are faced by various com-
ponents in a wind turbine is shown in fig. 4. As the diagram shows,
contamination can lead to problems throughout the entire wind tur-
bine system. In addition, there are a number of other tribological is-
sues that are encountered locally.

CONCLUSION

Wind turbine designs have evolved significantly since their initial
growth phase in the early 1980s. As increasingly powerful wind tur-
bines have been designed over the years, more attention has been
paid toward providing effective gear and bearing lubrication and
increasing gearbox lifetime. Although a great deal of advancements
have been made, a number of current and future challenges exist as
wind turbines increase in size and their operating conditions become
more extreme. ~_

Acknowledgment: From the proceedings of the STLE/ASME Interna-
tional Joint Tribology Conference 2009, courtesy ASME.
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"REMOTE SITE
CONSTRUCTION

Manel Romeu Bellés is a communication advisor in group communications at Vestas
Wind Systems A/S. Visit online at www.vestas.com.

DESPITE THE LOCATION, VESTAS is more than
equipped to deal with the various challenges
associated with remote sites for wind farms,
as the following two case studies will attest.

The first, in Arga, Portugal, involved con-
siderations including protecting plants, bats,
and wild horses on this beautiful and isolated
mountain site where winding roads posed
transport challenges for V90-3.0 MW tur-
bines.

The second, in Aapua, Sweden—where tem-
peratures fall as low as -40°C—made great de-
mands on employees, materials, and planning
when Vestas established the most northerly
wind power plant in the country.
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CASE STUDY #1: ARGA, PORTUGAL

How to build a wind power plant with the
minimum of disturbance to plants and wildlife
was the main challenge facing Vestas and its
customer EEVM at the Arga site in northern
Portugal. The mountain known as Serra d’Arga
overlooks the valley of the river Minho—which
forms the border with Spain—to the north and
the Atlantic Ocean to the east. The area is home
to protected species of plants, birds and bats,
semi-wild horses, and until recently the near-
extinct Iberian wolf.

But stringent rules on habitat protection did
nothing to dampen enthusiasm for the new wind
power plant. At an altitude of nearly 800 m the
site has excellent wind conditions for the 12



V90-3.0 MW turbines, and local support was
strong. Rural incomes are hard to come by,
and the once-forested hillsides are now largely
bare, supporting only a few grazing animals.
As a result, the local municipality has become
an enthusiastic shareholder in the project.

Vestas built the Arga plant on a turnkey ba-
sis and handed it over to EEVM at the end of
June 2006. Since then it has performed well.
“There were some delays at the start of the
negotiation process,” says EEVM managing
director José Miguel Oliveira, “but once the
project was under way we had a very good,
close, and professional collaboration with Ves-
tas. And we are very pleased with the V90-3.0
MW turbines.”

Project Data-Arga, Portugal

SITE: Serra d’Arga, Alto Minho

OWNERS: Empreendiemntos Eélicas
da Espiga, S.A.-du Groupo
EEVM-Empreendimentos
Edélicos do Vale do Minho, S.A.

Turbine type: V90-3.0 MW

Hub height: 80 metres

Total turbines: 12

Total capacity: 36 MW
SCADA: VestasOnline™ Business

Service contract: 5 years

PLANNING FOR GROWTH

Following recent legislative changes, wind pow-
er in Portugal is now expanding rapidly, and
the situation in the Minho region reflects this.
Before Arga EEVM (Empreendimentos Edlicos
do Vale do Minho, S.A.) had already built two
small wind power plants of 6 MW and 10 MW,
respectively, in the area. The 36 MW Arga proj-
ect expands this total considerably, but EEVM
has even bigger things in mind. The company’s
240 MW Alto Minho wind power plant, which
was scheduled for completion in 2009, will span
five sites across four municipalities. EEVM is
not short of backing since its main sharehold-
er is SIIF Energies, utility giant EdF, and also
the Spanish company Endesa through its local
company Finerge.

Due to the nature of the Arga site, the plan-
ning authorities restricted EEVM to 12 turbines.
In situations like this, Vestas project manager
Jodo Salinas de Moura points out, it’s especially
important to get the most output from each
turbine. “We were the only supplier offering a
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3-MW turbine,” he says, “so that counted in our favor”

EEVM had not worked with Vestas before, and the deci-
sion to use the V90-3.0 MW turbine—still quite new at the
time the project was being planned, in mid-2004—required
care, says José Miguel Oliveira. “We spoke to other people
who were using the V90 and found that it was very well re-
ceived in Portugal. The figures from Vestas were also very
persuasive. So we decided to go with the V90, and we have
not regretted it” The two companies signed a contract in
March 2005.

SITE CHALLENGES

The first task, handled by another contractor, was to build 9
km of road: 6 km from the nearest existing road up to the site
entrance, and a further 3 km within the site itself. The main
entrance is at an altitude of 500 m, and the highest point of
the site is at 780 m. Once the roads were completed, in Au-
gust, Vestas started site work.

The turbine foundations were laid out in a main line of
nine and a smaller line of three, and a location for the substa-
tion was prepared in the middle of the site. “This is a rocky
site, so the foundations were not always easy,” says Jodo Sali-
nas de Moura.

Later in the project, the steep and twisty nature of the local
roads were to provide another challenge. “Transporting the
44 m-long blades was a little slower than we had forecast,’
Jodo Salinas de Moura admits. “We are talking about two
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hours to cover 12 km, with lots
of tight bends and some narrow
bridges. But we managed it all
without serious problems.”

Toward the end of the year,
winter mountain weather caused
some minor delays. Then the
real problem started when Ves-
tas discovered a problem with
the concrete used for four of
the foundations. Work stopped
through most of December and
right through to March while
all the foundations were inves-
tigated and a new sub-supplier
replaced the defective concrete.
“That was a good test for every-
one,” says José Miguel Oliveira.
“If we hadn’t had such a good
relationship with Vestas it could
have been a lot more difficult”

The concrete problem was
fixed, and work resumed at
such a pace that Vestas was
able to complete the project a
few weeks ahead of the origi-
nal schedule. The first turbines
were connected in April 2006,
and all commissioning was fin-
ished in June.

ENVIRONMENTAL PROTECTION
Right from the design stage, en-
vironmental and planning rules
played an important part in the
Arga project. The local wild-
life and especially vegetation is
uniquely adapted to the Atlan-
tic climate, and this threatened
ecosystem is scheduled by the



European Union as a “Natura
20007 site.

As well as limiting the
number of turbines, the plan-
ners specified that no part of
the turbines should be visible
from a nearby monastery that
is visited by tourists and pil-
grims. “It was quite challeng-
ing to make sure that not even
the blade tips were visible,
says Jodo Salinas de Moura.

To reduce disturbance to
wildlife, the planning authori-
ties specified that the working
day should start only an hour
after sunrise and finish an
hour before sunset. The site
roads were also designed with
the movements of the local
wild horses in mind. “While
the construction work was
going on, the horses stayed
well clear of the site,” says
Jodao Salinas de Moura, “but
now it’s not unusual to see a
group of them in the shade of
a turbine tower.”

Building new roads on the
mountain has also brought a
potential problem with tour-
ists, José Miguel Oliveira says:
“Now everyone wants to visit
the wind farm, and for the
first time at one of our sites
we have had to put vehicle
barriers on the roads. But we
welcome visitors on foot, and
we will create an information
point and trails for walkers.”

The Arga project showed
how it is possible to build an
efficient wind power plant
on a small site under chal-
lenging access conditions,
and with the minimum of
disturbance to the local envi-
ronment. It also said a good
deal about the working en-
vironment between EEVM
and Vestas. “EEVM is a very
technically competent client
with a ‘hands-on’ approach,
says Jodo Salinas de Moura.
“When we finished erecting
the last turbine at 3:00 a.m.,
the client’s representatives
were still there. EEVM is al-
ways asking questions, so we
could not possibly mislead
them. Throughout the proj-

ect they were very understanding and cooperative. It was real

teamwork.”

CASE STUDY #2: AAPUA, SWEDEN

In summer the sun shines 24/7 on the little town of Aapua in
Norrbotten in Northern Sweden. In autumn, however, when the
nights start drawing in, the local population begins to prepare
for a dark polar winter where temperatures below -30°C are
not uncommon. Nevertheless, these Arctic conditions did not
stop the completion of the most northerly wind power plant in
Sweden that, since autumn 2005, has been supplying electricity

from its location on Etu Mountain, not far from Aapua.

“We had little time to carry out the work at the site on ac-
count of the long, hard winter. But we managed it, thanks to
hard work and good collaboration from everyone involved in
the project, including our subcontractors,” says Anders Rylin,

sales manager at Vestas Sweden.
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The Aapua wind farm consists of seven Vestas V82-1.5 MW
Arctic turbines. Fitted with special features such as a heated an-
emometer, wind vane, and nacelle, the turbines have the capacity
to generate electricity in the demanding conditions of the long
polar night. “Even though winter was particularly hard in Aapua
this year, the production figures from the turbines are looking
good. In fact, they exceed even our expectations,” says Maria Te-
vell, one of the 14 private investors who own the wind power
plant.

The other owners signed the contract in October 2004 as the
winter darkness gently settled over Northern Sweden. Once the
contract was signed, it was time to start the preparatory work
intended to ensure that it was possible to complete the erection
work at the site during the short summer.

MIDNIGHT SUN

One of the first tasks was to lay a road to the site at the top of Etu
Mountain (440 metres above sea level) near the town of Aapua.
The company Stenger & Ibsen Construction A/S was awarded
the contract to establish a 2.7 km access road to the site and lay
the foundations for the seven turbines. However, -

the work had to wait until winter had loosened its
icy grip.

“The ground was frozen solid, which meant that
it was not drained. Therefore, we could not start
work in the area until the end of May. As we had to
be finished by the middle of June, we were work-
ing to a very tight timetable. Fortunately, the sun
was up 24 hours a day, and we made good use of
it,” says Johan Stenger, director, with regard to the
impressive efforts that resulted in both the road
and the seven foundations being ready on time.

As soon as the road and foundations were in
place, the turbine components began to stream
to the site. The delivery route involved transport
by ship from production facilities in Denmark and Great Britain
and then a 200 km journey along the roads from Lulea harbour.
The erection process went according to plan, and in September
2005 all turbines were in place, connected to the grid and work-
ing to repay the owners’ investment in the project.

One of these owners is Maria Tevell, who runs a farm on the
Swedish island of Gotland. Wind power is not a new concept
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for Maria, as since 1994 she
has owned a V29 Vestas tur-
bine that generates power
on her farm. When the op-
portunity to invest in a new
project presented itself, she
was quick to take it.

“Our turbine here on
Gotland has run very well
ever since it was installed,
and when you know a com-
pany and are satisfied with
its products, you stick with
it she says. The perfor-
mance of the new turbines
in Aapua during their first
few months of operation has
certainly not disappointed
Maria Tevell or the other
owners.

“The past winter was very
hard around here,” says An-
ders Rylin, sales manager.
“The temperatures in town
dropped to around - 40°C,
but the turbines still re-
turned good results”



OPEN PROCESS

Throughout the project, Vestas has worked
closely with the Swedish company Siral
which was responsible, for example, for
selling the shares in the project and for the
day-to-day contact with customers during
the process.

“Investors are naturally very interested
in following the project closely,” according
to Thomas Sirland, director. “They want to
know that it is on schedule, and they want
to be familiar with the product they are
investing in. Here in Aapua we have had
the chance to follow the construction very
closely, which meant that we could provide
our customers with the information they
wanted. In addition, those investors who
wished to do so visited the site while the
work was underway to have a firsthand look
at the turbines themselves. In my opinion,
the investors were very satisfied with the in-
sight they built up as the project progressed,
which meant that they could be sure that
the work was keeping to the schedule”

After the completion of the wind farm,
investors could still keep a close eye on the
turbines. VestasOnline™ Business, the con-
trol and monitoring system, makes it possi-
ble to use a computer with an Internet con-
nection to keep track of production from
the wind power plant as a whole and from
individual turbines. In addition, Siral moni-
tors production on behalf of the customers
and keeps individual investors up-to-date.

However, the investors are not the only
ones to receive returns on the power gen-
erated by the wind power plant. Every
year the local community receives a cash
dividend defined by production. The wind
power plant—which was officially opened
in March 2006 by Lena Sommestad, the
Swedish Minister for the Environment—
contributes more than 40 percent of the
total electricity consumption of the munici-
pality.

CONCLUSION: PROVEN PERFORMANCE
Wind power plants require substantial in-
vestments, and the process can be very
complex. To assist in the evaluation and
purchasing process Vestas has identified
four factors that are critical to wind turbine
quality: energy production, operational
availability, power quality, and sound level.
We spend long months testing and docu-
menting these performance areas for all
Vestas turbines. When we are finally satis-
fied we ask an independent testing organi-
zation to verify the results—a practice we
refer to as Proven Performance. Contact us
to learn more today. A

Project Data-Aapua, Sweden

SITE: Norrbotten
OWNERS: Private investors

Turbine type: V82-1.5 MW Arctic
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A DIRECT DRIVE TO

SUSTAINABLE WIND ENERGY

The success—or failure—of producing
the most cost-effective turbines will have
a direct impact on the future shape of the

wind industry. Here's an overview.

By Andrew Tan

Andrew Tan is head of corporate relations for Zenergy Power. Go to www.zenergypower.com.

EARLY LAST YEAR the European Wind Energy
Association (EWEA) produced one of the most
valuable tools for mapping out what are likely to
be the dominant commercial trends in the global
wind industry over the coming years. In its 156-
page report “The Economics of Wind Energy,
EWEA set out to build a holistic financial frame-
work within which the economic factors govern-
ing the commercial success of wind energy proj-
ects can be identified. Furthermore, the research
ranks individual economic factors in terms of
their marginal impact on the overall cost of pro-
ducing wind energy over the lifetime of any wind
project. In doing so the EWEA analysis spells
out not only the most important considerations
that wind project developers face and the factors
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most strongly impacting their commercial deci-
sions, but also the medium- to long-term conse-
quences for innovation and technology develop-
ment within the industry’s entire supply chain.
Foremost on the EWEA list is the total num-
ber of full load hours (FLHs) accumulated by in-
stalled wind turbines over the lifetime of a proj-
ect. The importance of this is revealed by the fact
that a 90-percent increase in FLHs results in an
approximate halving of energy production costs.
Then there is the cost of financing. Advocates of
replacing the UK’s current market driven return-
on-capital system with a fixed feed-in tariff—with
the aim of increasing the financial attractiveness
of UK wind energy investment—should take a
well-deserved bow, and once again point to the

oy
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far greater rate of renewable energy deployment
experienced in Spain and Germany.

At its most basic the FLH issue boils down
to the simple fact that the more hours a turbine
runs at its maximum rated power level, the more
electricity it will produce each year and the
lower the unit cost of production becomes. Un-
like thermal power, the marginal cost of energy
production for installed wind turbines is zero.
Borrowing a phrase from real estate agents, the
crucial thing about achieving maximum load
hours is location, location, location. On average,
onshore sites achieve around 2,000-2,500 FLHs
a year, compared with an average 4,000 FLHs
for offshore sites. Such a divergence in output
means deployment of turbines will be given

priority to offshore locations. In fact, EWEA fore-
casts that the percentage of turbine investment in
offshore sites will rise from 25 percent in 2015 to
about 60 percent by 2030.

Now consider the economic benefits of install-
ing larger rated turbines. For example, the average
cost of electricity production at a coastal site has
decreased from approximately €0.09/kWh for a
95kW rated turbine to approximately €0.05/kWh
for a 2 MW turbine. Put simply, the larger the rat-
ing of your electricity generator the proportion-
ally smaller your infrastructure costs become per
installed MW. Look no further than the release
by REpower and Multibrid of 5 MW turbines or
Clipper Wind’s ambitious development of a 10
MW turbine to see the trend set in motion by this
economic reality.

Inevitably the success (or failure) of produc-
ing the most cost-effective wind turbines for the
offshore industry will have a direct impact on the
future shape of the wind industry as a whole. As
wind power developers seek higher rates of re-
turn from their offshore locations by deploying
ever-higher rated turbines, the one factor that
will scuttle this aspiration is reliability. Reliability
in the offshore market is of critical importance
to developers as the time to repair turbines can
be greatly extended by harsh weather conditions
that restrict accessibility for maintenance work,
thereby increasing downtime in periods of strong
winds typically associated with the best power
generation conditions.

Overall reliability of wind turbines comes from
a huge range of factors such as operations and
maintenance procedures, monitoring equipment,
use of new materials, better control systems and
experience (the learning rate within the industry
currently sees between a 9-17 percent reduction
in cost for every doubling of installed capacity).
These numerous factors are driving a multitude of
innovations and to date extraordinary progress is
being made in many areas of wind turbine com-
ponents.

But the issue that continues to afflict the in-
dustry is the reliability of the drive train. Put
simply, one of the major challenges in produc-
ing wind energy is taking power captured by
slow spinning blades (rotating at between 15 -24
rpm) and turning it into usable electricity using
a high-speed generators (rotating at between
1,500 and 3,000 rpm).

MECHANICAL APPROACH

To date, the industry has relied on a traditional
mechanical engineering approach to this prob-
lem—namely the use of gearboxes. Reliability
issues with wind turbine gearboxes is common
knowledge (a quick look at the provisions on
the balance sheets of some of the major gearbox
manufacturers highlights this) and stems from
the extreme engineering challenges that gearbox
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12. Yaw drive
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Fig. 1: Schematic of conventional wind turbine.

technology faces in wind applications. The most common ap-
proach is to use a three-stage gearbox with a high gear ratio
(i.e. 97:1). Operating large complex gearboxes in wind turbines
is causing a number of difficulties for both developers and tur-
bine manufacturers and it is very difficult to see from where
significant improvements in gearbox technology can come. The
issues surrounding gear wearing (leading to failure and down-
time), handling of multi-directional forces (turbine blades tend
to flex in multiple directions as they pass the wind shadow of
the turbine tower), need for replacement of large quantities of
oil (an increasing concern in environmentally sensitive areas
such as offshore), and component weight (the Winergy three-
stage gearbox used in REpower’s 5M machine weighs 63 tonnes)
are hitting very serious limitations and any real improvements
are hard to envisage in what is an old and matured technology.
These problems are increasing as the industry moves towards
larger more powerful turbines and already there has been a shift
away from traditional high-speed copper generators.

INTERIM MEASURE

Looking more closely at some of the latest turbine designs to
come to market, wind farm developers will see a common trend
quietly emerging that speaks volumes about concerns that man-
ufacturers have about the reliability of gearboxes and the overall
drive train. After all, why fix something that isn’t broken? And
that trend has been to replace traditional high-speed copper
generators in favor of lower-speed permanent magnet (PM) gen-
erators. The financial edge achieved by employing slow-turning
PM generators is that it enables the use of simpler gearboxes
which provide more reliability, require less down time and gen-
erate more FLHs. One example of this trend is the latest 3 MW
machine from Vestas. Named the V112 and succeeding the 3
MW V90, the latest Vestas machine has a PM generator in place
of the high-speed copper machine used in its (same rated) pre-
decessor. Then there is most recent 3 MW machine from Win-
Wind which also uses a PM generator. Or the 5 MW Multibrid
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machine produced exclusively for
offshore deployment, also pow-
ered by a PM generator. Or Clip-
per Wind’s evolving “Quantum”
drive, powered by no less than 4
PM generators. Although the list
continues to grow, PM genera-
tors offer a limited solution and
cannot be considered as a long-
term solution to reliability due to
problems surrounding the weight
of the machines, their degrading
performance, difficulty in han-
dling sizable permanent magnets
and of course the increasingly-
restricted supply of rare earth
materials from China.

ELECTRICAL APPROACH

Luckily there is another more so-
phisticated approach to the prob-
lem of slow spinning blades and
high-speed generators, and that
is to take an electrical engineer-
ing approach to the problem as
opposed to the mechanical en-
gineers’ dependence on clunky,
unreliable gearboxes. The out-
come here is the use of multi-
pole “direct” drive generators.
Put simply, these generators are
able to produce electricity while
spinning at the same low speed
of the wind turbine blades. And
this is achieved by adding into
the generator more electrical
“poles,” or copper coils. These
extra poles enable the machine
to generate torque at low speeds
and efficiently convert the slow
movement of the turbine blades
into useable electricity. This
eliminates the need for a gearbox
and ultimately creates a far sim-
pler (in mechanical terms) design
with far fewer parts moving at far
slower speeds.

This approach has already
been put to good use by German
turbine manufacturer Enercon,
which has produced the most
reliable, but not necessarily the
cheapest, direct-drive wind tur-
bines on the market. In view of
the economic impact of FLHs,
the financial aspects of “cheap”
requires further consideration.
Further to Enercon’s success, the
attraction of the direct-drive ap-
proach recently received another
significant endorsement when
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Fig. 2: Schematic of direct drive turbine.

GE acquired the Norwegian
direct drive turbine manufac-
turer Scanwind as part of its
well-publicized bid to improve
its presence in the offshore
market.

So it is safe to say that wind
turbines powered by direct-
drive generators with no gear-
box requirements are going to
play a major role in improving
overall turbine reliability and
financial return for wind de-
velopers. But even within this
technology, there is a limita-
tion.

Owing to the additional
copper poles used to generate
the torque at low speeds, di-
rect-drive generators are very
heavy.

Furthermore, the weight
of direct-drive generators in-
creases rapidly with increases
in electrical rating. For exam-
ple the direct-drive generator
used in Enercon’s 6 MW tur-
bine weighs in the region of
450 tonnes and the company
has since focused on produc-
ing 2 MW and 3 MW turbines
for the onshore industry. At
450 tonnes, problems rapidly
develop with transportation
and installation, particularly
with the availability of lift-
ing ships capable of deploying
such weights in an offshore en-
vironment. Day rates for such
specialized offshore vessels
are substantial and can lead to
dramatic increases in offshore
wind project installation costs.
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Fig. 3: Copper vs. superconductor.

SUPERCONDUCTORS

The wind industry has come up against some very harsh techni-
cal limitations where gains on one front (reliability) are offset by
losses on another (restriction on size). In situations like these, real
breakthroughs in technology are needed, and in the case of wind
industry generators this may come from a set of materials called
superconductors.

At their simplest level, superconductors conduct electricity
with no electrical resistance and, as well as being 100-percent ef-
ficient (no heat losses from resistance to electron flow), they can
carry more than one hundred times the amount of electricity than
copper wires. Or put another way, you need only one hundredth
the material for any given electrical application. As a result, they
can be used to replace the bulky copper poles found in direct-
drive generators to bring about substantial weight reductions that
produce a radically different financial equation for direct-drive
turbines. In doing this, manufacturers can produce direct-drive
generators (high reliability) that are approximately one sixth the
weight of copper-based machines (enabling the use of high rated
equipment).

Encouraging work has already been carried out producing a
new class of generators that can break through the restrictions of
traditional technology. By next February German utility E.On will
become the first power producer to put a superconductor-based
generator into commercial use. Built by Converteam SAS using
superconductor technology from AIM-quoted Zenergy Power, the
generator is expected to herald the development of an important
new technology sector for power generation. In addition to the
E.On project, Converteam and Zenergy Power are also building
a 10 MW class direct-drive superconductor generator that will
weigh 80 tonnes compared to the 450-tonne weight of a copper-
based 6 MW machine.

If successful, the use of superconductors in generators is
thought to have the potential to reduce offshore wind power costs
by 25 percent simply by the reducing the amount of steel in the
turbine tower and the amount of concrete poured into the founda-
tions of the unit. Cheaper transportation and shipping costs will
also play a major factor in cutting wind farm development costs.
Significantly, given the extensive research already carried out and
the emergence of working demonstration models, it may just be a
matter of years before the financially-attractive role played by su-
perconducting technology in producing large-scale offshore wind
power becomes obvious to everyone.
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NEW SYSTEMS FOR SLEEKER
TURBINE PRODUCTION

A new blade fabrication system from MAG
doubles output, while multi-tasking machine
tools complete parts in single setup,
streamlining your production process.

By Rich Curless
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Rich Curless is chief technical officer at MAG Industrial Automation Systems.

Visit online at www.mag-ias.com.

NOT SINCE THE REVOLUTION IN AEROSPACE
manufacturing has the need for lean solutions
that combine composite fabrication and large-
part machining been so critical to an industry’s
advancement as it is now for wind energy. Like
aerospace, the solutions require breakthrough
automation technologies that enable lean, re-
peatable mass production of large composite
and metal components. Fortunately, the foun-
dation for a rapid evolution of manufacturing
technology for wind power components was
created by the experience of the aerospace
industry, and it is already producing results.
Aerospace providers have developed automa-
tion solutions for parts from blade tip to out-
put shaft, including Rapid Material Placement
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and quick-cure mold systems for blades that
combine to reduce composite lay-up, infusion,
and curing time by 50 percent. And an array of
new multitasking machine tools for super-sized
metal components can, in many cases, produce
completed parts in a single setup, minimizing
dangerous part handling and improving part
accuracy.

MASSIVE MANUFACTURING

The imperatives driving wind turbine engineer-
ing and manufacturing are in many ways analo-
gous to those of aerospace. The parts are mas-
sive, ever lighter, stronger, engineered for safety
and reliability, and made with advanced metals
and composites. The scale of the parts is gen-




erally increasing, while a drive for weight re-
duction is always pushing those parts to their
engineering limits.

On the manufacturing side there’s a need to
automate with improved process control, re-
peatability, and process capability, while work-
ing with evolving composites and large metal
components. Aerospace and other sectors of
the energy industry have met this challenge
with game-changing manufacturing technolo-
gies in composites and metalworking. In com-
posites, automated tape layers and fiber-place-
ment systems revolutionized the manufacture
of large aerostructures. In metalworking, pur-
pose-designed aerospace machine tools with
multiple spindles addressed the need to pro-

duce multiple large parts in a single setup, work-
ing with aluminum or the toughest titanium.

The critical mass to support similar develop-
ments for the wind-power components has been
building, and new purpose-designed technology
was rolled out at WINDPOWER 2009 in Chi-
cago. New composite technologies are tailored
to the cost requirements of the wind industry—
which are quite different from aerospace—and
flexible enough for use with glass, the dominant
material, and carbon fiber. One of the most in-
novative is a systematized approach consisting
of a Rapid Material Placement System (RMPS),
combined with a patent-pending quick-cure
molding system. Together they can reduce lay-
up, infusion, and curing time by 50 percent.

For metal components, the principal thrust
in wind power is large-part multitasking capa-
bility—the ability to complete more metalcut-
ting operations on one machine, or completely
finish a raw part on one machine. These manu-
facturing technologies bring distinct advantages
to wind power components, chiefly lower cost,
higher performance, and lower warranty/owner-
ship costs due to lighter, stronger components
produced to tighter tolerances, and with the re-
peatability only automation can deliver.

AUTOMATED FABRICATION

Rapid Material Placement technology brings an
integrated approach to what has largely been a
manual or piecemeal-automated process. A sys-
tem like this is capable of spraying in-mold coat-
ings, dispensing/lay-up of glass and carbon fiber
materials, and dispensing/application of adhe-
sive. It brings 3 m/sec (10 ft/sec) lay-up speed
to placement of materials in blade skin, spar cap,
and sheer web molds, with laser- and vision-
based wrinkle detection in cross or longitudinal
directions. Depending on the laminate schedule,
this type of system can reduce lay-up time 85
percent on a 45-meter blade.

Programmed off line, the CNC-controlled ma-
chine uses a gantry system with multi-axis end
effectors capable of manipulating spray heads
and adhesive applicators, as well as tooling for
spooling and placing materials. Two such sys-
tems adjacent to one another can each produce a
45-meter blade-shell half in less than two hours,
with half the manual labor. The gantry system
rides on rails that are flush with the floor, and
carries bulk supply systems for gel-coat and ad-
hesive.

After application of gel-coat with spray-head
tooling, a ply-generator with a 10-roll magazine
of material cuts and dispenses plies to a lay-up
end effector on the gantry. The lay-up end effec-
tor spools up the material supplied by the sta-
tionary ply generator. As the fabric is paid out
onto the mold, a pair of articulating, powered
brushes smoothes it to the tool surface. The lay-
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Fig. 2: A MAG Cincinnati U5-1500 five-axis profiler and a MAG Gid-
dings & Lewis PT 1800 horizontal boring mill (shown here) are the
centerpieces of Dowding Machining’s new machining facility.

Contouring Head and i
Programmable Boring Bar
Operations

External Thread

Faco
Groove
igrivel Groove Internal Thread

Fig. 3: Illustration shows some of the atypical operations that can
be performed on a horizontal boring mill with contouring head.
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Fig. 1: MAG has introduced patent-
pending technologies that include a
Rapid Material Placement System
and quick-cure molding system.
The automation breakthroughs
offer up to 200% increase in
throughput with reduced labor and
consistent quality.

up system is mechanically re-
peatable to +2 mm, with appli-
cation tolerance of +5 mm.
Off-line programming soft-
ware supplied with the system
creates the CNC code from
imported CAD data. The same
software can program a related
five-axis machining system for
root drilling/milling/sawing.
New quick-cure mold tech-
nology uses specialized tooling
built to the customer’s specs.
The molds are produced using
the customer’s CAD data. The
system yields a finished blade
to spec with each cycle. It can
be infused with resin in an hour,
followed by a two-hour cure,
about half the normal time. Like
the lay-up system, the infusion/
curing system includes process
control metrics for resin me-
tering, temperatures, blocked
channels, etc., with alarm lim-
its. Other new blade fabrication
technologies include a five-axis
machining system for root drill-
ing/milling/sawing.

MULTITASKING METAL PARTS
Many of the main metal compo-



Fig. 4: Contouring head on bor-
ing mill adds turning capabilities
to enhance one-stop processing
options.

nents of wind turbines start
out as castings or forgings
that can require hundreds of
hours of precision machin-
ing. Part accuracies are as
high, or higher, than those of

aerospace parts. Machining challenges include tight tolerances,
capacity/throughput, complex geometries, inline bore precision,
parallelism between bores, bore concentricity, and precision
mating surfaces.

Meeting these challenges on large parts is complicated by part
weight and size. Great risk and time are involved when parts
weighing up to 80,000 pounds are transferred from one machine
to another to produce different features on different surfaces.
Such transfers often degrade overall part accuracy, too, as tiny
setup errors stack up each time the part is refixtured. Reducing
part transfers, and the attendant increased WIP, is the essence
of lean manufacturing. It’s all about one-stop processing, and
it'’s accomplished with multitasking machine tools: machines the
integrate normally dissimilar operations, such as milling, turn-
ing, drilling, tapping, perimeter scalloping, boring, hobbing, and
grinding.

Four primary metal-cutting machines for massive wind tur-
bine components—horizontal boring mills, vertical turning cen-
ters, horizontal or universal machining centers, and horizontal
turning centers—are increasing their multitasking capabilities to
meet the needs of the wind industry. Key components produced
on these machines include rotors/shafts, gear case assemblies,
planetary carriers, hubs, rotor bearings, couplings, pinions, cyl-
inder brackets, yaw beams, and rotary crowns.

New developments in horizontal turning machines—for ro-
tor shafts, pinions, and similar shaft-style parts—combine a
wide array of unusual capabilities for finishing a large part in one
setup. These horizontal turning centers (HTCs) perform opera-
tions unheard of on a typical HTC: deep-hole drilling, serrating,
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grinding, hard turning, notch
milling, and hobbing, as well
as cut-to-length and centering,
rough, and finish turning. Euro-
pean wind industry leaders are
already using these machines to
produce parts up to 1500 mm
diameter and 2800 mm long.

Horizontal ~boring  mills
(HBMs), used to process gear
case assemblies, planetary car-
riers and hubs, are increasing
their one-stop processing capa-
bilities with contouring heads
and programmable boring bars,
which reduce the number of
tools (and tool changes/time/
cost) need to complete a part.
One tool can bore multiple di-
ameters and produce complex
part geometries. A contouring
head combined with a pro-
grammable boring bar can per-
form nine to 10 different opera-
tions (atypical for a boring mill)
on a part, including threading,
grooving, turning, contouring,
taper turning and others, in-
ternally and externally. Right-
angle heads and precision ro-
tary tables add capabilities for
five-sided part processing in a
single setup.

Vertical turning centers
(VTCs) for production of bear-
ing rings and planetaries nor-
mally apply a stationary tool on
the end of a movable ram, but
automatically interchangeable
powered heads allow VTCs to
add capabilities for drilling,
milling, tapping, and similar
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operations with live tooling, all
in one setup. The addition of a
full-contouring  360,000-posi-
tion C-axis table now enables
drilling or mill turning of fea-
tures anywhere on the work-
piece. Turret heads provide
excellent productivity on parts
that don’t require a lot of reach
into the part. Vertical turning
centers handle parts up to 4700
mm (185 in) diameter or larger.

The Universal Machining
Center (UMC) is what its name
implies: a machine that can
approach a part from a hori-
zontal or vertical orientation.
Designed for large, complex-ge-
ometry parts, the UMC allows
five-axis/five-side machining,
with automatically interchange-
able heads for faster processing
and reduced work-in-process.
With a spindle ram mounted
on a crossrail, this machine
can have a rail or moving-bed
design. A rail design allows the
machine to have multiple work
zones under the spindle, so
operators can load and unload
parts while the machine con-
tinues operations in other work
zones. Another new machining
concept places a torque table in
the work zone of a UMC to en-
able the machine to do turning
work with fixed tooling. This
effectively adds vertical turn-
ing capabilities to a machining
center.

Horizontal machining cen-
ters are a mainstay of prismatic

Fig. 5: Rail-type U5 machining
center at Dowding Machining al-
lows multiple workzones, multiple
parts to be staged within its work-
ing range. Parts can be loaded in
one zone, while the spindle cuts in
the other zone.

parts manufacturing, and the
machines are growing in size,
speed and multitasking capabil-
ity to meet needs in wind energy
manufacturing. Twin-pallet ma-
chines for wind parts typically
have a table size of 1250 x 1600
mm and accept parts weighing
up to 7000 kg (15,400 pounds).
Twin pallets and quick work
change ensure high production
rates, while robust, cast-iron
construction and oversized
ballscrews provide muscle and
traverse speed to process large
parts in volume.

A STRONG START

Dowding Industries entered
wind energy manufacturing
last year, following a methodi-
cal plan. It focused on uptime
and commonality of controls. A
family-owned company, in 2006
Dowding began looking for op-
portunities to grow while avoid-
ing the region’s industrial down-
turn. Already a manufacturer of
fabricated and machined com-
ponents for a wide range of in-
dustries, it was particularly at-
tracted to the potential for wind
turbines and alternative energy,
according to Jeff Metts, presi-
dent. “We saw an opportunity
to be part of the ‘new energy’
solution,” he says.

To help in understanding the
business potential before invest-
ing, Dowding enlisted the as-
sistance its primary supplier of
machining systems, a company
with an excellent track record at
Dowding. “Our critical success
factors were uptime and com-
mon controls,” Metts says. “Sol-
id OEM service plays a big role
in uptime for large machines,
and homogenous controls allow
us to be ambidextrous within
our machine capability and sim-
plify our training”



Fig. 6: Vertical turning
center equipped with head
changing capability and
3-meter table demonstrates
its one-stop processing
capability using twin drilling
heads to finish a part that’s
already been turned with
fixed tooling. For scale, the
step in foreground is about
10 inches high.

The machinery supplier provided extensive
application and time studies, based on wind
generator part prints provided by Dowding.
“The detail and thoroughness of the reports
were overwhelming,” he says. “The studies in-
cluded machine recommendations, fixturing,
set-ups, tooling, cycle times, and earnings per
hour. We addressed the risks and unknowns,
giving us the comfort level as newcomers to
large-part machining to make such a major
commitment.”

Dowding ultimately purchased three massive
machining systems in 2008, and Governor Jen-

nifer Granholm helped dedicate the new 35,000
square-foot facility for production of turbine
components and large, critical parts for other
big-machine makers. “All these machines are
built right here,” Metts says. “That is another
important factor for us. We were convinced
our success would be found here in the United
States.”

The recent stimulus-driven, three-year exten-
sion of the production tax credit for renewable
energy investment should help ensure Dowd-
ing’s success, as well as that of other manufac-
turing entrepreneurs.
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OPTICAL ICE SENSORS ¥
FORWIND TURBINE &~

NACELLES

New optical technology borrowed
from the communications industry

promises lower cost, more practical N
ice detectors than earlier tec‘hniques.,’-“x%

By Richard L. Hackmeister g

Richard L. Hackmeister is vice president of

New Avionics Corporation. Call (954) 568-1991,

e-mail rlh@newavionics.com, or go to www.newavionics.com.

JUST AS AIRPLANES, REFRIGERATORS, RADIO
broadcast towers, vehicular overpasses, and
bridges are all succeptible to ice formation, so
are wind turbines that are sited in cold-weather
locations. And not only do O&M professionals
monitoring remote turbines need to be aware
of the onset of ice formation, they also need to
know how fast it’'s accumulating.

The most common type of ice detector on
the market today involves a vibrating tun-
ing fork sensor, whose design dates from the
1980s. It is essentially an electromechanical
technology that operates as a vibrating rod. In
the case of an airplane, the rod is mounted so
as to be exposed to the passing airstream. If
there’s no ice on the vibrating rod, it resonates
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at its natural frequency. But if it has a coat-
ing of ice the additional weight slows down the
vibrations, which changes the frequency. The
frequency change is detected, then calibrated
into ice weight, and ice thickness, and subse-
quently used to set the ice-alert signal after a
predetermined thickness has accumulated on
the probe, usually around 0.020 inch.
Unfortunately, such complex assemblies
have lots of precision internal parts, are costly
to manufacture and put together, are not very
sensitive, and require a high-speed ambient
air stream in order to work properly. The in-
terface electronic package, of course, has to
be integral with the vibrating assembly, which
limits installation flexibility and also its suit-




ability for use on wind power turbines.

Another snow/ice sensing system is popu-
lar on helicopters. It consists of a toroid as-
sembly that senses numerous ambient me-
teorological conditions to infer the presence
or absence of ice. It also needs a high-speed
ambient air stream to work properly, and also
is not entirely suitable for use on wind power
turbines.

LOOKING FOR ICE

To solve the ice detection problem, New Avi-
onics has introduced its new Ice*Meister™
Model 9734 optical ice sensing system for use
on top of wind power turbine nacelles (see fig.
1). It’s entirely optical—there are no moving

Fig. 1: Optical ice sensor for wind power turbines
has no moving parts. It works on the interaction
between photons of light and molecules of H20.

parts. Model 9734 system consists of a small,
easy to install sensor head that sits on a mount-
ing plate atop the nacelle as it looks for ice. A
lightweight blue cable connects the sensor head
to a DIN rail interface box that is mounted on
an interior bulkhead or snapped onto a stan-
dard 35mm DIN rail inside the nacelle. Inside
the DIN enclosure box an Ice*Meister Model
9733-CORE user interface board monitors
the probe status, drives corresponding dis-
play LEDs, controls an optional self-defrosting
heater, senses and displays whether or not it’s
raining, and provides one-amp normally open
relay contacts that close or open in real time to
inform its host system of the foregoing status
elements, as well as the real-time presence or
absence of ice on the nacelle.

As ice accumulates additional relays close in
sequence, indicating the ice’s relative accumu-
lation rate. Three relays’ open-or-closed states
define four states of ice on the nacelle: no-ice;
ice-alert; more-ice; and saturation-ice. Subse-
quently, as sunlight and warming ambient air
heats and melts the accumulated ice away the
relay sequence reverses itself, opening in re-
verse order: saturation-ice; more-ice; ice-alert;
and no-ice. There are also provisions to control
a defrost heater and indicate when it’s raining.

The user interface DIN rail box fascia panel
provides convenient screw-terminals for con-
necting wires to the sensor head, the host sys-
tem, and input power. Visible LEDs in the fascia
panel let you test the sensor system at any time
and view the resulting ice status at virtually any
angle inside the nacelle (fig. 2).

Ice*Meister’s principle of operation is to al-
low ice to form directly on its optical surfaces.
Imagine an analogous situation during the hot
summertime, when a motorist may be driving
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SHUTTLELIFT
MODEL SL300
INDUSTRIAL MOBILE
GANTRY CRANE
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—Rated at 300 ton (600,000 Ibs) capacity
—Inside Clear Width of 48'0”
— Inside Clear Height of 40'0”
—Wheel Base of 41'6”

STANDARD FEATURES

—90 Degree pivot steering

— Travel warning strobes and alarms

— Emergency shutdowns at each corner

— Four wheel, 2 corner drive

— Heavy duty structure with pivot trunnion

— Powder coated carbon steel hydraulic lines
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— Less than 750 hours

ELECTRICAL
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— Quick connect hydraulic pressure check points

DRIVE SYSTEM

— Hydraulic motor, chain driven

—Unloaded maximum speed is 60 fpm

— Gradeability is 6.0% with full load. This depends on the
surface conditions

TIRES
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— Inflation-116 psi

HOIST

— Six independent, proportional hoist design. Includes me-
chanical anti-two block and automatic load equalization

— Hoist speed of 6 fpm no load, 2.7 fpm fully loaded
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along a highway to a destination with the
car’s air conditioner blowing full blast into
the driver’s face and sunglasses. When the
driver arrives at a destination and steps out
of the car into the hot ambient air, conden-
sation can form immediately and directly on
the optical surfaces of the sunglasses. The
effect is immediate, easily recognizable,
needs no interpretation, and can be very
sensitive. This is how the Ice*Meister sen-
sor works; offending ice forms directly on
its optical surfaces.

PHOTONS VS. MOLECULES

In operation, the system is based the physi-
cal interaction between photons of light and
molecules of H,O. The technology is not in
any way an analog measurement instru-
ment, and it does not measure ice thickness.
Rather, it uses photons of light to sense the
digital step-function phase change of H,O

Fig. 2: Visible LEDs in the fascia panel let you
test sensor operation at any time and view the
resulting ice status at virtually any angle to the
fascia plate.

Fig. 3: Spray ice test: blast freezing coolant on sensor
and LED status immediately changes from green no-
ice to ice-alert, more-ice, saturation-ice, it-is-raining

state, and heater-control on state.



molecules between their lig-
uid and solid phases across
the thermal barrier known as
“latent heat of fusion,” which
is 80 calories per gram of wa-
ter.

If H,O molecules are in
the liquid state (water) the
force of gravity tends to re-
move them from the sensor
surface, and only a thin film
of H,O molecules separates
the sensor surface from the
ambient air. This film of H,O
molecules interposes itself
between the excitation signal
and the receiver and is electri-
cally zeroed out. If, however,
the H,O molecules are in the
solid phase (ice) they tend to
stick together for some reason
and accumulate on the sensor
surface. This increases the
number of H,O molecules in-
terposed between the optical
surface and the receiver, thus
attenuating the excitation
signal below a set threshold.
It is this threshold-passing

ICE AI_,ERTI

Fig. 4: Ice sensing element uses low cost infrared lasers, receivers, and
fiber optics borrowed from the telephone industry to simplify manufactur-
ing, reduce parts count, eliminate moving parts, slash cost, and make a
more practical ice detector.

function that Ice*Meister detects. Thus, ice-formation sensing
is a digital step-function and has nothing to do with thickness,
temperature, or time.

The ice sensing go/no-go thresholds are fixed, but both ex-
citation signal strength and the amplifier gain are trimpot-ad-
justable over wide ranges. If the adjustments are set to sensi-
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Fig. 5: Protective polycarbonate plastic cage helps shield sensor
probe from damage due to melting ice falling from a stationary
blade as it heats up and sheds ice.

tive (low excitation signal drive, high amplifier gain) the
threshold is tripped with only a little ice on the sensor
(fig. 4), but if the the adjustments are set to less sensitive
(strong excitation drive, low amplifier gain) it takes more
ice to trip the detector threshold.

Either clear ice or opaque rime ice can form on the
sensor. If clear ice forms it reacts with the sensor in one
way, and if opaque rime ice forms it reacts with the sensor
in another. Either rime or clear ice will register, but air
will not. Rime ice trumps clear ice, and ice of either kind
trumps air.

SYSTEM OPTIONS

Ice*Meister optional features include a rain sensor, a self-
defrosting heater, and a protective cage. Model 9734’s rain
sensor feature is used for controlling protective doors on
celestial telescopes, watering golf courses, controlling ag-
ricultural sprinkler systems, and the like. Ice*Meister can
sense individual raindrops, which fall at terminal velocity
and impact the sensor, producing 5-10 millisecond pulses
each. An onboard raindrop-stretcher timer stretches rain-
drops to 15-30 seconds each in duration, sets the rain sta-
tus true, illuminates the rain LED, and closes the rain relay.
If a second raindrop should hit the sensor before the first
one times out, it resets the timer for another 15-30 sec-
onds. For as long as raindrops continue to hit the sensor
at intervals closer than that, the rain output status remains
true.

A self-defrosting heater feature rids the sensor probe of
offending ice and allows its host system to cycle back-and-
forth across the ice formation threshold. Gravity elimi-
nates the icemelt. This features is useful for centralized
meteorological towers, webcams, walkways, radio towers,
and oil wells, as well as weather stations, power stations,
telescopes, bridges, blimps, and all manner of remote, in-
accessible, unmanned facilities.

A resistance heater and thermal switch are affixed to
heater panels on either side of the sensor probe. Insulating
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epoxy potting compound assures
maximum radiant heat is directed
toward the optical sensor probe.
Temperatures of the ice-melting
aluminum heater panels are lim-
ited to a mild 50 deg C for person-
nel safety. 9734’s heater feature
requires only 1.2 A at 24 VDC.
The entire 9734 system consumes
just two watts, running on 12-36
VDC.

Heater control can be set to
maintain either the least amount
of ice or consume the least
amount of energy. In operation,
this feature allows its host control
system to cycle back-and-forth
across the ice formation threshold
in real time, preventing protected
facilities from accumulating ice
and using the least amount of en-
ergy to do it.

9734’s optional protective cage
(fig. 5) helps protect the sensor
probe from potential damage from
falling debris, including chunks of
melting ice falling from a station-
ary blade as it heats up and sheds
ice in the warmth of day. The
cage is widely open on four sides
and provides abundant airflow
around and over the sensor head.
It’s transparent to the sun’s rays,
allowing the sensor head to heat
and cool as the turbine blades do,
and roughly track them thermally
throughout the day. The cage is
unobtrusive, because its mount-
ing bracket and protective roof
are made of clear, shatterproof
polycarbonate plastic. The as-
sembly does not interfere with a
nacelle’s esthetic appeal.

NASA TESTED
Ice*Meister ice sensing technol-
ogy is simple, optical, and elimi-
nates all moving parts. There is no
microcontroller, no MHz clock,
and no programming of any kind
required. Model 9734 ice sensor
systems for wind power turbine
nacelles are optically the same
as the Model 9732 stainless steel
aerospace probes that New Avi-
onics tested in the world’s largest
icing wind tunnel, the Icing Re-
search Tunnel at NASA Glenn in
Cleveland, Ohio (fig. 6).

These aerospace ice sensors,
available in both stainless steel



Fig. 6: Model 9734 ice sensor systems for wind
power are optically the same as Model 9732 aero-
space probes tested in the world'’s largest icing
wind tunnel (at top) and used for unmanned aerial
vehicles (bottom ).

and plastic, are designed for use in aircraft of
all kinds, including unmanned aerial vehicles.
They conform to core paragraph 5.2.1.1.1 of
the only published aerospace specification for
in-flight ice detectors (Aerospace Standard
AS 5498 from the Society of Automotive En-
gineers) and they are listed, described, and il-
lustrated in the SAE Aerospace Information
Report AIR 4367A, paragraph 4.11.

The fast growing and rapidly evolving U.S.
wind industry has broken all previous records
by adding some 10,000 MW of additional ca-
pacity in 2009 alone, which brings the total
installed capacity to more than 35,000 MW
of generating power from more than 33,000
individual turbine installations, according to
AWEA. Most of these turbines stand in north-
ern latitudes and are susceptible to ice forma-
tion. Although most earlier ice sensing technol-
ogies are generally unsuitable for use on wind
power installations, new optical ice sensors
work in still air and can help fill the void.
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AN AUTOMATED APPROACH,
BLADE MANUFACTURING

Increased throughput, quality, and
efficiency are just a few of the benefits to

be realized when taking a robotic
to manufacturing blades for wind

man and Roberta Zald

.

approach
turbines.

7

Mark Handelsman is wind industry sales manager and Roberta Zald is business development
director at KMT Robotic Solutions, Inc. Go online to www.kmtgroup.com/robotic.

THE WIND TURBINE BLADE MANUFACTURING
business has quickly blossomed from a cot-
tage industry of highly skilled craftsman to
a worldwide industry competing for market
share in the global energy market. In the early
days the highly labor-intensive approach was
not a problem, but as wind turbine manufac-
turers strive to gain market share against other
renewable and non-renewable energy alterna-
tives long-term success can only be achieved
by making sure that blade production is world-
class.

The good news is that wind turbine blade
manufacturers have a golden opportunity to
learn from the lessons of other manufacturing
industries that faced similar challenges. How-
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ever, there are no guarantees of how things will
work out. Looking at the paths that other in-
dustries followed some met the challenge by
aggressively driving their organizations to be-
come world-class manufacturing leaders, some
met the challenge by moving to countries with
low cost labor, and some were never able to
meet the challenge and went out of business.
For those that focused on maintaining their
existing manufacturing base, there is very of-
ten a common thread of effective use of ro-
botics and flexible automation. These compa-
nies recognized that the more labor-intensive
processes that worked in the early days did
not necessarily lend themselves to becoming
world-class manufacturing leaders. Those that




were successful companies revamped their
operations focusing on three key areas

1) Eliminating unnecessary waste and reduc-
ing both direct and capital costs;

2) Increasing capacity utilization from exist-
ing assets for maximum efficiency;

3) Achieving greater process consistency for
the highest possible quality.

Robotics and flexible automation may only
be one ingredient in the overall formula for
success in achieving the “three Cs,” but it is
nonetheless a critical enabler that allowed
these companies to redefine themselves. Al-
though still in the early stages, wind turbine

blade manufacturers are beginning to embrace
robotics and flexible automation and move
along the path of world class manufacturing
leadership within their existing operations.

One good example is in the processing of the
root end of the blade. The specific operations
vary by blade manufacturer but can include
cutting off excess material from the root end,
milling the root face, drilling axial holes, and
drilling radial holes. These operations have
been traditionally handled by CNC equipment.
CNC root processing systems get the job done
but have several shortcomings including ma-
chine availability, flexibility, and last but not
least, cost. This is because blades must be pre-
cisely positioned to insure that facing of the
root end and both the axial and radial holes are
within the required tolerances. Not only does
this require a skilled operator to position these
multi-ton blades, loading time is idle time for a
relatively expensive piece of capital equipment.

KMT Robotic Solutions developed its patent-
pending AccuFind technology to quickly and
precisely locate the root end of wind turbine
blades. “Our approach to root end cut and drill
was to leverage our experience in automating
the trimming of large composite parts,” accord-
ing to Chuck Abrams, development manager.
“We use this technology to quickly locate the
root end center and, when desired by the manu-
facturer, to locate the entire blade in 3D space
so that the blade length and zero pitch offset
can be determined”

KMT’s root end cut and drill solution ad-
dresses the three Cs by reducing blade setup
time, increasing system uptime, allowing for
handling of multiple blade types, and reduc-
ing total system cost, of course. As demand for
wind turbines continues to grow, manufactur-
ers continue to look for cost-effective ways to
meet this increased demand within their exist-
ing facilities while still achieving high quality
and precision. Those who justify the purchase
of robotic root end processing systems based
on the lower cost and higher throughput then
find that the extremely high uptime and ease
of setup and operation eliminated the hidden
downtime and disruptions of their prior solu-
tions.

Some of the most challenging processes to
automate are trimming of the flash and sanding
of the blade surface. These processes must deal
with the challenges of fixturing and locating
blades that are flexible with future blades con-
tinuing to grow larger. This combined with sur-
face and edge finishes that can vary from blade
to blade make automating these operations a
challenge. EINA of Pamplona, Spain, has met
the sanding challenge with an innovative tool-
ing concept that finds and tracks to the varying
contour of wind turbine blades.
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“Wind turbine blades can be up to 50m, making them
difficult to precisely fixture, and their complex geometries
make them difficult to program,” says Jorge Castillo, general
manager of EINA. “Our robotic sanding head is designed to
make sure that the sanding tool is always perpendicular to
the surface of the blade. This allows our customers to simply
program the starting and ending point for each sanding path
and let the robot handle the details”

The EINA tooling provides
a cost-effective solution for
one of the most labor-intensive
operations in the manufactur-
ing of wind turbine blades. The
consistent performance of the
robot also improves surface
quality and reduces rework.

Fig. 2: A patent-pending robotic surface grinding device.
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Fig. 3: A robotic router with a saw blade for edge trim.

KMT Robotic Solutions has
developed a unique solution
for tracking and trimming the
left over flash from the molding
process, one that simultaneously
locates the flash to blade transi-
tion while trimming the flash.
The KMT solution requires only
a single pass to trim and retains
the seam location for a second
pass grinding operation. As with
sanding, the robotic flash trim-
ming solution provides a cost
effective alternative to manual
trimming while improving over-
all blade quality and reducing
rework.

One of the last steps in the
post molding process is paint-
ing the wind turbine blades.
Alpha-Tec of Ludwigsburg-
Pflugfelden, Germany, recently
installed a dual eight-axis robot
system that handles everything
from cleaning and activating
the blade surface to applying a
gel coat and top coat, to drying
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the paint on wind turbine blades. All of these operations are
completed in a single booth that can handle the full blade
manufacturing capacity for a typical plant. Heinz Handke,
manager of sales and engineering for Alpha-Tec, says that
“by combining all of these operations we are able to reduce
the total floor space required as well as the overall capital
investment while still meeting the required production ca-
pacity. We believe that our recently installed system is the
only production operation in the world that combines all of
these operations. The Alpha-Tec solution also reduces the
amount of paint required and the overall energy costs, pro-
viding further cost savings for our customers.”

Alpha-Tec is able to accomplish this by using an innova-
tive optical measurement system to locate the blade and ad-
just the robot path to both minimize wasted paint and maxi-
mize overall finish quality.

This is just a sampling of the progress being made in
robotics in flexible automation. Areas like glass layup and
inspection are also benefitting by advances in robotics and
flexible automation. The key is to begin to move forward on
the path toward success in the three Cs, including greater
use of robotics and flexible automation or risk facing less
desirable alternatives. Jack Welch, the former CEO of Gen-
eral Electric, elegantly laid out the three alternatives his
manufacturing business units faced, which were to “auto-
mate, emigrate, or evaporate” This holds as true today for
wind turbine blade manufacturers as it did then for GE.
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new standalone torque tester and expanding
its line of transducers.

Testing and calibrating a torque wrench
usually requires three separate tools: a
transducer, a bracket, and a meter. But the
Stanley Proto Torque Tester streamlines the

process by combining all three functions in
one tool. The tool can be used to test all types
of torque wrenches in all types of settings
where full-scale calibration is needed or where
a quick pass/fail check is required. Potential
users include those in production facilities
and quality control, as well as in calibration
labs.

For users who need separate meters
and transducers, Proto is also introducing
five new transducers, increasing the total
number of SKUs in its lineup to 16. When

used with the Proto Torque Meter the
new transducers are “plug and play,” with
automatic transducer detection, easy setup,
and user-friendly operation. Allbench mount
transducer have an impressive accuracy of
+/- 0.5 percent of indicated value.
Stanley Proto Industrial Tools has been
making durable, high-quality hand tools
for over 100 years, having grown from a
small machine shop to a worldwide supplier.
Its tools are developed according to strict
ergonomic standards, with features that
let users work faster and easier, including
enhanced shock absorption and reduced slip.
For more information call (800) 800-TOOL or go to
www.stanleyproto.com
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NEW REPORT FROM LAWRENCE BERKELEY
NATIONAL LABORATORY

A new report from Lawrence Berkeley National
Laboratory has been released titled “Revealing the
Hidden Value that the Federal Investment Tax Credit
and Treasury Cash Grant Provide to Community
Wind Projects”

The global financial crisis of 2008/2009 has, in
several respects, been a blessing in disguise for
community wind project development in the United
States. In addition to creating much-needed slack
in the supply chain, the financial crisis spawned
two major stimulus packages in the US. that, in
combination, have fundamentally reshaped the
federal policy landscape for wind power in general,
and for community wind projects in particular.
Most notably, qualifying wind projects can now,
for a limited time only, choose either a 30-percent
investment tax credit (ITC) or a 30-percent cash
grant in lieu of the production tax credit (PTC) that
wind has historically received.

It stands to reason that community wind, which
has had more difficulty using the PTC than has
commercial wind, may benefit disproportionately
from this newfound ability to choose among
these federal incentives. This report confirms this
hypothesis. On the basis of face value alone, the
30-percent ITC or cash grant—both of which depend
on the size of the investment rather than on the
quantity of power produced—will be worth more
than the PTC to many community wind projects,
which on average may cost more or generate less than
their commercial counterparts.

Just as importantly, however, and not to be
overlooked, are a handful of ancillary benefits that
accompany the 30-percent ITC and/or cash grant,
but not the PTC. Many of these ancillary benefits—
including relief from the alternative minimum
tax, passive credit limitations, and certain PTC
“haircuts”—circumvent barriers that have plagued
community wind projects in the United States for
years. This report demonstrates that these ancillary
benefits could, in aggregate, be worth even more to a
typical community wind project than the greater face
value provided by the 30-percent ITC or cash grant
relative to the PTC.

Quantitative analysis of these ancillary benefits
also informs the development of a policy agenda for
community wind, by revealing which of these benefits
are most valuable to the sector. For example, the
analysis highlights the importance of the 30-percent
cash grant—and particularly the relief that it provides
from passive credit limitations—for passive investors
in community wind projects. In this light, seeking
to extend the very limited window of opportunity
for the 30-percent cash grant may be a logical top
policy priority for the community wind sector. The
full report can be downloaded from eetd.Ibl.gov/EA/
EMP/re-pubs.html.
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AMSC SIGNS CONTRACT TO

DEVELOP 5MW TURBINES

American Superconductor Corporation, a global
power technologies company, announces that
its wholly-owned AMSC Windtec™ subsidiary
has signed a follow-on contract with Dongfang
Turbine Co. Ltd. to design and jointly develop
5MW full conversion wind turbines for the
offshore wind power market.

Dongfang is one of China’s top machinery
companies. The company entered the wind power
market in 2004 and shipped more than 800 wind
turbines with a 1.5 MW power rating in 2008,
making it the country’s third largest wind turbine
manufacturer. Dongfang will soon commission
its first prototype 2.5 MW wind turbine designed
under a prior agreement with AMSC Windtec
and will enter volume production of these wind
turbines in the second half of 2010.

“Dongfang has firmly established itself as a top
manufacturer of wind turbines for the Chinese
market and has aggressive plans to enter the
global market with cutting-edge technologies,’
says Wang Wei Min, vice general manager and
chief engineer of Dongfang. “We are happy to
expand our relationship with AMSC and add this
higher-power, full conversion wind turbine to our
portfolio to help meet the growing demand for
clean, wind-generated electricity”

Dongfang has exclusive rights to the 5MW full
conversion wind turbine designs in China and
plans to begin supplying the wind turbines for
the worldwide offshore market in 2012. AMSC
has the right of first refusal to supply the core
electrical components for Dongfang’s 5 MW wind
turbines.

“Dongfang already has established itself as one
of China’s largest wind turbine manufacturers and
is poised for strong growth in 2010 and beyond as
it introduces its new 2.5 MW in the second half of
this year and its 5 MW wind turbines in the next
two years,” says Greg Yurek, founder and chief
executive officer of AMSC. “We are particularly
pleased to see more and more of our customers
become repeat customers for new wind turbine
designs. It is a validation of our advanced wind
turbine technologies and signals more growth for
our customers and AMSC going forward”

At the end of calendar year 2008 the global wind
energy market had a total installed capacity of
120GW. Industry research firm Emerging Energy
Research projects the global installed base to grow
to over 600 GW by 2020. It predicts that China’s
total installed wind power capacity will increase
from 12 GW at the end of 2008 to more than 200
GW by 2020, estimating that the global offshore
wind power market will grow from its current
total installed capacity of 1.5 GW to 41.5 GW in
2020. To learn more visit www.amsc.com.
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Q&A

Jonathan Wilson
Chair/Renewable Energy Committee/ABA

WHAT LED TO THE FOUNDING OF
THIS COMMITTEE?

The Renewable Energy Committee, or REC, is part
of the American Bar Association’s Public Utilities,
Communications, and Transportation Law sec-
tion. The ABA has more than two-dozen sections
devoted to areas such as business law, tax, and
litigation, and the public utilities section—as we
refer to it—was founded nearly a century ago. I
joined the section back in the early nineties when
I had an interest in telecommunications law, but
I actually ended up becoming an Internet lawyer,
founding the section’s Internet committee in 1996.
More recently, as my practice began focusing on
renewable energy, I approached my colleagues in
the public utilities section about launching a com-
mittee addressing the subject. Since the section
is composed of lawyers already involved in the
nuclear, electricity, natural gas, pipeline, and re-
lated industries, a committee on renewables was
a natural fit. I thought that it would be a great way
to pull in new members, as well, which definitely
ended up being the case. When we launched the
REC in September of 2009 I'd hoped to attract 100
members by the end of the year. We recruited that
many attorneys in our first month.

DESCRIBE THE COMMITTEE'S ACTIVITIES, AND
HOW IT WILL BENEFIT THE WIND INDUSTRY.

Membership is limited to ABA members who
have also joined the public utilities section. There
are those who have joined the ABA in order to be
a part of the REC, so it has definitely attracted a
great deal of attention and support. The main fo-
cus of any ABA section is scholarship, education,

raising awareness of the association, and bring-
ing legal professionals together to identify best
practices in their area of specialization, and those
are our goals in creating the REC as well. While
many of our members were already involved in re-
newable energy law prior to the formation of the
committee, it really helps them to be able to come
together and share their experience, gain knowl-
edge, and hone their skills in an area that’s only
going to grow and evolve in the coming years.
What it boils down to is that these are the indi-
viduals who will be handling the legal aspects of
projects in the wind industry, and everybody wins
when that can occur both quickly and smoothly.
The more expertise the attorneys possess, the bet-
ter it will be for everyone involved.

HOW WILL YOU GO ABOUT DISSEMINATING
THIS INFORMATION?

Since it’s so early in the committee’s existence,
we're still identifying the various means we’ll be
utilizing in sharing the information we amass, but
we know we’ll be developing webinars on a wide
variety of topics. For instance, in the spring and
fall of each year the committee chairs in our sec-
tion make presentations on legal developments
in their area to the executive council. This spring
the REC will be taking a comprehensive look at
renewable energy incentives at the state level,
with examples of which approaches are proving
to be the most effective, and we will then take that
information and transform it into a webinar pro-

duced by the ABA.

WHERE IS INFORMATION AVAILABLE TODAY?
Right now anyone can access the Renewable En-
ergy Memo Web site, which is owned by my law
firm, Taylor English Duma LLP. I keep a blog on
the site about renewable energy topics. Since I got
started I've come across many opportunities for
players in the renewable space. One thing I've dis-
covered, for example, is that there are traditional
energy companies—including electrical member-
ship cooperatives—with assets that could easily
be utilized in renewable applications. Too many of
those energy companies have not yet discovered
how they can leverage tax incentive programs to
grow their role in renewable energy. Membership
cooperatives, for example, many not realize how
they can use tax credits to leverage investments in
wind power through project financing structures.
We've just begun to scratch the surface on the
wind development that is possible in the U.S. My
hope is that our committee will spread the word
and encourage new development in the area.

Contact Wilson at (678) 336-7185 or jwilson@taylorenglish.com. Also go to www.taylorenglish.com, www.

renewableenergymemo.com, or www.abanet.org.
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Capture the full potential!

Invite a yellow coat.

The wind power business is growing rapidly leading to new

metal cutting challenges. As a Sandvik Coromant partner, you
can always rely on a specialist nearby, focused on your success.
Smart solutions for every component; from the base of the tower
to the blade.

24-hour delivery of premium tools to almost every comer of the
world is only one promise. Measurable results on the bottom line
is another. Let's optimize your potential togetherl

Call 1-800-SANDVIK (1-800-726-3845) to talk to a Sandvik
Coromant representative near you, or visit
www.sandvik.coromant.com/wind

Think smart | Work smart | Earn smart
Visit us in booth #20080 at Windpower 2010 Conference & Exhibition.
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Your success in focus



Capture the energy of a
brand new star.

Harness over a century of experience in large precision machining. Turn it

loose on a whole new class of innovative wind turbine designs that feature

exclusive technologies and superior engineering. Then focus it all on truly

cost effective community wind energy production.
In communities around the world, citizens will see a new star when they
look up in the sky. And it’s as reliable as the wind itself. Polaris.

For more information visit our web site at www.polarisamerica.com, e-mail

P 1 <> us at sales@polarisamerica.com, or call 614-540-1710.
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1 to 1 - Your Total Community Wind Provider
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