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\//,eace of mind

For peace of mind when the health of your
wind turbine assets is vital, NRG Systems offers
a predictive health monitoring system

unlike anything else on the market.

..........

TurbinePPHD

PREDICTIVE HEALTH MONITORING

TurbinePhD.nrgsystems.com

Complete Systems | Sensors | Remote Sensors | Tilt-Up Towers | Data Loggers | Turbine Control
© 2012 NRG Systems, Inc. | NRG Systems, Inc. | Hinesburg, Vermont 05461 USA | 802.482.2255
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You need the right equipment, at the right
place, right now. With an unmatched rental fleet
and branch network, we are ready to help you
maximize productivity and profitability. And our
round the clock service and support means the
equipment will work just as hard as you do.

@ United Rentals’

UnitedRentals.com | 800.UR.RENTS
Visit us at WindPower 2013 in Chicago, IL Booth #3909
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COMPANY PROFILE: RIO SOUTH
TEXAS ECONOMIC COUNCIL 22

BY STEPHEN SISK

Regional economic marketing group seeks to capitalize
on recent wind energy development to expand industry’s
presence in southern Texas.

LARGE WIND TURBINE BLADE
TRANSPORTATION SOLUTION:

THE AEROSCRAFT 2 4
BY SADIA ASHRAF

Unique airship with 66-ton payload capacity provides
an efficient, ecological alternative means of component
transportation.

MANAGING DRIVETRAIN
HEALTH: KNOWLEDGE IS
POWER, TIME IS MONEY 34

BY LARRY JACOBS

Stretching your O&M budget can be achieved by
properly and systematically processing the data
derived from condition monitoring equipment.

MAKING SENSE OF THE CMS
MARKET

BY BROGAN MORTON

Six key steps to take into account when
swimming the sea of condition monitoring
purchase decision-making?

BREAKING THE 34.5KV
“STANDARD"

BY SCOTT BARON AND JON SAXON

Drawing on hydro experience, Acciona extols the
use of 12kV collection system to lower energy
costs through elimination of step-up transformers.

CROSS-TECHNOLOGY
DRIVETRAIN LUBRICATION

BY DARYL LUKE

Choosing the proper lubricant is essential to
turbine maintenance, whether using gearbox or
direct drive technology.

DESIGNING “BRILLIANCE”

BY KATELYN BURESS AND LAUREN THIRER
General Electric’s innovation process and the
development of the “World’s First Brilliant Wind
Turbine.”

KEEPING THE CONNECTION
ALIVE

BY SERGIO AURTENETXEA, PH.D.

Through analysis of sub-synchronous control
interactions, Ingeteam aims to maintain grid
connection and boost grid stability and reliability.
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Expertly trained controlled bolting !_
technicians deliver improved i
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with increased efficiency.
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WIND ENERGY SOLUTIONS

* ERAD DIGITAL TORQUE CONTROL SYSTEMS
* ELECTRIC GEAR TURNING SYSTEMS

+ WTG BOLT TENSIONING SYSTEMS

+ HYDRAULIC WRENCH-SYSTEMS

+ COMPLETE.OEM BOLTING PACKAGES

* TURNKEY BOLTING SERVICES
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+ 24 HOUR RESPONSE SERVICES ;'f:l
- EQUIPMENT REPAIR AND CALIBRATION service
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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
JULIAN BELL, SIGNAL ENERGY CONSTRUCTORS

A wind project construction and design checklist for owners to ensure safety
and economic expectations.

MAINTENANCE
JACK WALLACE, FRONTIER PRO SERVICES

Meticulous attention to turbine blades—paired with a proactive, preventative
approach—are key elements in a successful turbine blade maintenance plan.

TECHNOLOGY

ANDERS VOLDSGAARD CLAUSEN, HEMPEL A/S

Corrosion protection for offshore wind turbines, due to constant exposure to
a highly corrosive environment, requires proper resources and painstaking
attention to developing an action plan.

LOGISTICS
MICHAEL GRASKA, VECTORA TRANSPORTATION, LLC

Avoid getting caught up in the minutiae. Success in supply chain management
depends on how well you adhere to these seven fundamental laws.

PRODUCT SHOWCASE

News of products, equipment, and resources from across the wind
industry that will help propel your company toward success.
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EDLETTER

I never was the new kid. Never had to change school systems or totally re-
acclimate.

The nearest experience for me was transitioning to high school. Many kids
had older siblings who could offer advice; but at that point, my (significantly
older) brothers were establishing their adult lives.

I was relegated to undertaking my harrowing journey solo. No safety net.
No survival guide.

(Note to self: Formulate “High School Preppers” reality show proposal.
Pitch to expanded basic cable channels.)

I don't recall my first day of high school. My psyche must have repressed
those memories. But I'm still here. I survived.

Fast-forward two decades, and WINDPOWER 2013—my inaugural trade
show—is a month away (May 5-8 in Chicago).

I finally get to be the new kid; and claiming I'm completely at ease with that
would be a lie. The anxiety has set in—and it’s not the good kind of anxiety
(e.g. first dates; staying up for Santa; riding to Wally World in the backseat of
the Family Truckster). I'm talking about the classic “sweaty palms; can't find
my locker; praying I don’t get beaten up,” all-out panic. Terror threat: “Severe”

(A side note: I find it cruel that AWEA has chosen to place a countdown
clock at the top of the event website. At any given time, day or night, I can
log on and know the precise number of days, hours, minutes, and seconds
remaining until my impending doom. Thanks, guys!)

I do take some comfort, however, in the fact that my colleagues sense my
anxiety and have graciously begun to offer their support and advice. Wear
comfortable shoes... Have a plan... Don’t zigzag... Stick to your schedule...
Try not to get overwhelmed. 1 know they mean well. Still, much like a coltish
older sibling, the hint of a wry smile appears when one of them recounts past
“horror stories”

So what’s my game plan? After an objective examination, I'm adopting the
following: “Know what to expect; and expect the unexpected.” Perhaps engag-
ing wholly in the experience will squelch the anxiety and make for a great
event. All joking aside, I'm actually pretty psyched about the networking and
educational opportunities the event will provide. I can’t wait to meet as many
of our readers, contributors, advertisers, and yes, even competitors, as pos-
sible at the event.

We're trying to keep the interactivity level high, so please connect to our
Facebook (/windsystemsmag) and Twitter (@wind_systems) for regular dis-
patches each day of the show.

This issue, we have a hefty article offering provided by a premier sampling
of WINDPOWER 2013 exhibitors. These contributors are household names
within the industry—GE Power & Water, NRG Systems, Acciona Windpower,
and Castrol Industrial, to name a few. If you plan to attend WINDPOWER
2013, please take a few minutes to visit our contributors’ and advertisers’
booths.

While you're at it, stop by and see us at Booth 5009. Copies of the maga-
zine will be available and we will have daily giveaway drawings. If you're lucky,
you might even get a chance to mess with the freshman. I only have one re-
quest: No wedgies, please!

; Stephen Sisk, managing editor

@ ‘ Wind Systems magazine
T editor@windsystemsmag.com

(800) 366-2185 ext. 209
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INAUGURAL WIND EXPO IN JAPAN GENERATES
RESPECTABLE INTEREST, PARTICIPATION

With renewable and green energy sources making
global headway in recent years, surging interest has
spawned an increasing number of renewable energy
conferences and exhibitions. While everyday consum-
ers can make small changes to reduce their carbon
footprint, the most marked impact can be seen when
the industry starts implementing green technology. In
order to stay current on technological innovations,
as well as perform routine business functions such as
networking, the industry relies on expositions and
conferences.

Throughout Asia, industry leaders have, for a num-
ber of years now, turned to World Smart Energy Week,
hosted by Reed Exhibitions.

The 2013 event was held February 27—-March 1 at
Tokyo Big Sight. Due to high demand, the inaugural
WIND EXPO was added to the event this year. Partici-
pation in the WIND EXPO was more than respectable
considering the infancy of that portion of the confer-
ence.

“We started FC (fuel cell) EXPO in 2005 and kept
launching new exhibitions—PV (photovoltaic) EXPO,
BATTERY JAPAN, International Smart Grid Expo,
Eco House & Eco Building Expo,” Tad Ishizumi, presi-
dent of Reed Exhibitions Japan said during the open-
ing ribbon-cutting ceremony. “And in the ninth year,
WIND EXPO is newly launched. Therefore, we wel-

come a record number of 1,890 exhibitors as one of
the world’s largest of its kind”

Among the organized events at the WIND EXPO
portion of the event were technical conferences
and product and technology seminars, in addition
to the exhibition and the keynote sessions. The
keynote session was held at 2 p.m. local time on
February 27, and was entitled “Industry Leaders’
Strategies and Outlook on Wind Power Generation”

As a whole, more than 76,000 attendees attended
World Smart Energy Week. More than 11,000 par-
ticipated in seminar sessions.

Occupying a substantial section of the east hall
at the convention complex, WIND EXPO was filled
with attendees. More than 100 exhibitors from
across the globe eagerly promoted products, ser-
vices, and technologies that ran the gamut of wind
energy production and associated industries. No
known segment of the industry was left unserved
by the exhibition..

Innovative wind turbine design was displayed
prominently, as were energy-conservation com-
ponents. Short tutorial demonstrations of various
types and brands of safety gear and its’ proper use
were presented several times an hour.

A primary event focus was the development of,
and the large, timely technological advances in mak-
ing offshore wind farms a substantial source of en-
ergy within the Asian markets—Japan in particular.

Companies wishing to submit materials for inclusion in this section should contact Stephen Sisk at
editor@windsystemsmag.com. Releases accompanied by color images will be given first consideration.
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We succeed where other

tool companies fail.

When the need for speed, innovation, accuracy and
durability converge most tool systems fail.

Not FASTORQ tools.

FASTORQ is the leading innovator and global provider of precision bolt-
loading and removal solutions for today’s technologically demanding
energy, industrial and manufacturing environments.

06

FASTORQ has the make-up and
breakout solutions needed for precision
bolting projects. Exclusive providers of
ZipNut technology and Direct Tension
Indicators for the energy industries,
FASTORQ brings you the best tools

and lubricants for fast and precise work
every time! Visit us online or call one of
our solutions specialists to learn how
FASTORQ can make your job more
efficient with the best performance
using innovative, American-made tools
backed by the most comprehensive
warranties available.

TOOLS & TECHNOLOGY

iy =

CUSTOM

00 @

SpinTORQ Patented 360° Continuous
Rotation Torque Wrenches

ThinLINE Hydraulic Torque Wrenches

ZipTENSIONER Wind Turbine
Foundation Stud Tensioners

AutoSPREADER Flange Spreaders
AutoSPLITTER Nut Splitters
ZipNut® Technology & Tools

FastLUBE Bolting Lubricants

.

SOLUTIONS

TORQ

www.fastorg.com | 281.449.6466 Global

800.231.1075 Toll Free, US & Canada
Find us on Facebook & Twitter
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Varied design approaches were offered by differ-
ent exhibitors, but the prevailing and most-popular
topic centered around offshore floating wind turbines.
Many of these platform designs combined wind and
solar energy technologies as a viable, sustainable, ef-
ficient means for green energy generation.

Of particular interest among those in attendance
was Fukushima Forward, which seeks to replace tra-
ditional energy sources with offshore wind farms lo-
cated in the ocean. These turbines would collect wind
and solar energy and then redirect the collected pow-
er to a central hub that could then convert the power
to be used across Japan. If successfully implemented,
the plan would serve as an example to future energy
projects on the viability of offshore wind energy as an
option when seeking to replace aging, unsustainable
power supply methods.

In its inaugural event, the WIND EXPO was a re-
sounding success at introducing new technology and
providing vital networking opportunities within the
field. Attendees and exhibitors alike appeared eager
to make new business connections and to learn about
new technologies. Foundations have been laid to make
future shows larger and more successful.

For more information on WIND EXPO and World
Smart Energy Week, please visit www.wsew.jp/en.

— By Meghan Hall

INDUSTRY TO GATHER IN CHICAGO FOR ANNU-

AL WINDPOWER CONFERENCE & EXHIBITION
Wind energy industry leaders, academics, and pro-
fessionals will convene in Chicago on May 5-8 at the
American Wind Energy Association’s annual WIND-
POWER Conference & Exhibition. The 2013 event,
which will be held at McCormick Place Convention
Center, is expected to draw nearly 600 exhibitors,
consisting of manufacturers, developers, contractors,
consultants and service providers.

According to the association: AWEA WINDPOW-
ER Conference & Exhibition is the annual focal point
for those who work in the wind energy industry; it’s
where serious wind professionals convene to grow
their companies, find real solutions to business chal-
lenges, learn from industry leaders and experts, dis-
cover the latest in industry products and services, and
reconnect with colleagues and friends.

The event is built around a three-pronged approach
to serving wind energy industry companies and per-
sonnel. Areas of focus are: networking; education; and
exhibition/sponsorship. The association describes
these areas of focus as follows:

» Networking— A unique aspect of WINDPOWER is its
focus on networking, and the numerous special events
that allow attendees and exhibitors to grow and main-
tain their personal and professional contacts in fun, ca-

QUALITY TECHS FROM ONE OF THE
TOP.COMMUNITY COLLEGES

INTHE NATION

WALLA WALLA
COMMUNITY COLLEGE
Your Best Choice
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sual, and entertaining settings. Each networking event
is an excellent networking opportunity, and a great way
to spend quality time with staff, colleagues, and indus-
try peers. From receptions in the exhibit hall, to din-
ners in Chicago’s favorite venues, to golf tournaments...
there’s no shortage of ways to connect with your fellow
attendees.

Education— Each year, AWEA collaborates with wind
industry leaders to ensure the WINDPOWER Confer-
ence Program is relevant and illuminating. And this
year, AWEA is making a concerted effort to build a
WINDPOWER program that provides attendees with
real solutions to today’s serious business challenges.
The Conference Program will prepare attendees for
facing a changing wind energy future, strengthen-
ing our economy, and developing a sound, profitable
energy market. As a venue to discuss perspectives,
methods, and strategies for maintaining and increasing
profitability in an environment of technical, economic,
and political change, WINDPOWER is the best place
to obtain this knowledge.

Exhibition and sponsorship— The Exhibition Hall at
WINDPOWER 2013 Conference & Exhibition will be
the one place to see the industry’s leading products and
services, learn industry brand names, network with
top-level industry decision makers, and generate nu-
merous high-quality business leads. WINDPOWER
sponsorship generates unmatched exposure that helps

establish your company as a market leader. Sponsor-
ship provides a clear platform for company and prod-
uct promotions, leaving a lasting impression on event
attendees.

Regular registration for the WINDPOWER 2013 event
is currently open, and will remain open through the con-
ference. Attendees who register prior to the event will not
be charged additional fees for on-site registration.

For more information on WINDPOWER 2013 Confer-
ence & Exhibition, including registration information, ex-
hibition, conference schedule, lodging, and special events,
visit the event website at www.windpowerexpo.org. For
more information about the American Wind Energy As-
sociation, please visit www.awea.org.

Editor’s note: Wind Systems magazine is a media
sponsor for WINDPOWER 2013 Conference & Exhibi-
tion.

IRON WORKERS FILL THE NEEDS OF
EXPANDING WIND ENERGY SECTOR

With more than 40,000 active wind turbines across
the country and new construction in 29 states, the
Iron Workers, IMPACT, and the Apprenticeship
and Training Department are exhibiting their com-
mitment to Wind Turbine Training in a bid to fill
the needs of the constantly expanding green energy
sector.

o Slatercom “Solar Harvester” Power
Systems

* Complete Kitted Lighting Systems
Available From Stock

¢ All Solar Systems are Engineered-Site
Specific No “One Size Fits All”

¢ Front Panel Mounted Controls for Easy
Inst. & Maint.

Salem, OR

(503) 581-5550
www.slatercom.com

Diglight

Dialight Master Distributor

windsystemsmag.com 1
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Currently, six Iron Worker Local Unions across the United States offer
Wind Turbine Training classes, and the program continues to grow.

In November 2012, Iron Workers Local 22, Indianapolis, announced the
addition of hands-on wind turbine training at its apprenticeship and training
facility as part of an ongoing effort to better serve the construction industry’s
demands for green energy projects in the region.

Iron Worker wind turbine training courses date from 2010, when the De-
partment of Labor (DOL) awarded the Ironworker Management Progressive
Action Cooperative Trust (IMPACT) and the Iron Workers Apprenticeship

\

N f
WINDPOWER
Ghicago it mays-s 2013

Booth #2545

Nothing beats a Bronto aerial
for safety when inspecting,
cleaning and servicing wind
turbines. And, they do it faster 'T
and more productively, so you
save time and money!

They're available in a wide
range of sizes and offer
optional features like
integrated washers and
generators to meet your
specific needs.

Working heights to 330 feet!

For more information, call or visit us on the web

352/895-1109 www.bronto.fi

BRONTO SKYLIFT N.A.

Above EIIR

A subsidiary of Federal Signal Corporation
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and Training Department a
grant under the green energy
training partnership. IMPACT
used the grant to set up the first
five training programs, under
which 629 Iron workers re-
ceived training.

According to Lee Worley,
Executive Director of Appren-
ticeship and Training, more
locals are stepping up to fill the
wind turbine erection needs of
communities and construction
companies. “The DOL grant
ran through January 2012, but
locals—like Local 22—have in-
dicated that they are more than
willing to make the investment
in setting up their own training”
At $45,000, the price tag for all
the required training equipment
isn't cheap, Worley explained.

“All of our locals are serious
about safety and training to
meet the needs of the wind en-
ergy industry,” said Iron Work-
ers General President Walter
Wise.

Iron Workers remain com-
mitted to fulfilling the needs
of green energy partners, Wise
said. “With the expansion of our
wind turbine training capability,
the Iron Workers will be able
to meet the demands for safe,
qualified wind turbine erectors
throughout our country”

Under an agreement with
the National Training Fund,
each Local offering Wind Tur-
bine Training must train a
minimum of 30 Ironworkers
per year.

The following Iron Worker
Locals have Wind Turbine
Training programs in place:

+ Local 6, Buffalo, N.Y.

« Local 27, Salt Lake City

« Local 263, Dallas/Fort
Worth

« Local 433, Los Angeles

« Local 444, Joliet, IlL.

For more information about
Iron Workers Wind Turbine
Training, visit www.impact-
net.org.
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SALES
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DuPont Personal Protection Clothing
Fall Protection Products/Ladder Systems
Protective Clothing/Traffic Safety
Hand/Eye/Ear/Foot Protection
Respiratory Protection/SCBA/Air Cart

Gas Detection-Handheld and Fixed

Wind Tower / Rope Rescue Equipment
Confined Space Equipment
Tripods/Davit Arms/Winches
Spill Supplies and Inventory Services
See Website
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www.team1academy.com
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YOUR ONE STOP SHOP
FORALL YOUR
EQUIPMENT NEEDS!

TEAM-1 Academy Inc., North America's
leader in Professional Safety Training,
Equipment Sales, Rescue, Confined
Space, Rope Access & Wind Industry
Services for over 20 years.

As a supplier of top quality major name
brands and well respected manufacturers.
We take pride in supplying you with the
highest quality products and services at
an affordable price.

No matter what your needs are, whether
you are a large or small company,
TEAM-1 Academy Inc. has a solution for
you. Professional Engineering certification
is provided for more complex installations
when required. Our representatives will
guide you to help ensure you and your
staff utilize the proper Safety Equipment,
the right equipment for the right job.

All of our staff (Instructors, Rescue
Technicians, Confined Space Technicians,
Rope Access workers) utilize the same
equipment that is offered to you. Our
qualified and dedicated representatives
are product knowledgeable and can offer
free advice directing you to the correct
Certified Equipment options at an
affordable price. Stop by our showroom or
have your items shipped directly to you.

We look forward to working with you!
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PROFESSIONAL
TRAINING
SERVICES

CERTIFIED
TRAINERS

Confined Space Training
Fall Protection / Rescue From Heights
Hazardous Materials (HazMat) Training
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Spill Response Training
Technical Rope Rescue Training
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Wind Tower Climb Safety Training
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SIEMENS OPENS WORLD’S LARGEST WIND
TURBINE R&D TEST FACILITIES

Siemens Energy has opened two major Research &
Development test facilities for wind turbine tech-
nology in Denmark. The new test center in Brande
features test stands for major components of Sie-
mens wind turbines, including generators, main
bearings and complete nacelles. In Aalborg, seven
blade test stands are capable to perform full-scale
tests of rotor blades, including the world’s larg-
est blade in operation with a length of 75 meters.
In combination, the two facilities form the world’s
largest R&D test center for wind turbine technology.

“Our investments in testing today will result in
savings for our customers tomorrow, says Felix Fer-
lemann, CEO of the Siemens Wind Power Division in
Siemens Energy. “With our extensive tests of all major
components of a wind turbine we can significantly re-
duce the risk of technical issues in the field. Our con-
tinued commitment to R&D and testing enables us to
deliver wind turbines that are both the most innova-
tive and the most reliable at the same time”

The two test centers in Denmark feature indoor
testing facilities of more than 27,000 square me-
ters. The nacelle test stands in Brande are among
the most advanced in the industry. They are ca-
pable of testing Siemens’ D6 direct drive platform,
the company’s largest current wind turbines with

a six megawatt rated capacity, and are prepared to
test even larger turbines.

The seven blade test stands in Aalborg and three
blade tests stands in Brande together form the larg-
est blade test facility in the world both in size and
in scope. The Aalborg facilities are able not only
to fully test Siemens’ 75-meter long B75 blade, the
largest wind turbine blade in operation, but also
even larger blades. Wind turbine blades are now
bigger than any other composite structure in the
world. For example, the wing of an Airbus 380 is
less than half as long as the B75 blade.

In its new test facilities, Siemens can perform
Highly Accelerated Lifetime Tests (HALT) on all
major components of its direct drive and geared
wind turbine platforms. In HALT testing pro-
grams, which can last to up to six months, Siemens
exposes prototypes to much higher loads than they
would normally experience over the course their
full lifetime in the field.

“In HALT tests, we compress the biggest loads
over a short time, as they affect the turbine the
most,” says Siemens Wind Power CEO Ferlemann.
During the HALT test of blades, for example, full-
scale prototypes are oscillated at larger deflections
than they would ever experience on site for 2 mil-
lion cycles vertically and then for another 2 million
cycles horizontally.

Nowv is the time to be sure she is recognized!

joinWOWF_ on & [f in

womenofwindenergy.org

Submit your nomination online at womenofwindenergy.org
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Nominations Due March 15
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One compact, lightweight kit for nearly every tower rescue Scenario.

The DEUS Tower Escape & Rescue Kit gives wind tower technicians

DEUS
Tower |
Escape — the tools to handle any tower emergency. It combines the DEUS 3300
i.lé{escgf oy controlled descent device with the DEUS RTU lifting and hauling kit and
1t. -

other accessories to support personal escape, rapid sequential bailouts,

rescue after a fall, confined space rescue and more. And it’s all packed into

a small kit lightweight enough to carry with you.

www.deusrescue.com For sales assistance or to schedule a demo for your technicians, call 866.405.3461.


http://www.deusrescue.com

Julian Bell
Signal Energy Constructors

A wind project construction and design checklist for owners to ensure overall safety
and meet the project’s economic expectations.

don't just happen.
They result from the efforts of a large number of talented
people over several years. However, the overall success of
a wind project can be threatened if successful project de-
velopment is not followed by successful design and con-
struction. A successful wind construction project can be
described as follows: Everyone goes home from the project
site safely every day, and the construction allows the proj-
ect to realize its owners’ economic expectations. What are
the key attributes of a successful wind construction proj-
ect? Let’s explore a few.

Successful wind projects have great safety records and em-
ploy systems that ensure that every person that works on
the project goes home safely each day. Wind projects can
be dangerous and people can be seriously injured or killed
if care is not taken to protect them. A wind contractor’s
devotion to safety must do more than make the contrac-
tor the “safety police” Wind projects constructed by com-
panies with a corporate culture centered on safety and a
true concern for the well-being of their workers operate
more safely, more efficiently, and have fewer issues in the
interfaces between trades. The key is incorporating safety
into every aspect of the project, from the initial planning
to completion. Projects where workers from all trades are
acquainted with each other and have a concern for one
another’s safety have great safety records, higher efficiency
and quality, and great communication between all parties.

Successful wind projects have system designs that match
the economic expectations of the owner. Project success
begins with the right project design. Minimalist designs
have lower construction costs, but higher than normal
maintenance costs and shorter lifespans. Designs that are
too robust have lower maintenance costs, but higher than
necessary upfront costs. The overall project design should
be completed by contractors and engineers that under-
stand the technical aspects of the design, but also under-
stand the installed cost of each system and the overall proj-
ect economics. Within its economic constraints, a wind
project should be designed so that it has the best chance of
meeting or exceeding its power output goals for its intend-
ed life. The cost of each designed system (civil, structural,
and electrical) must fit within the overall economics of the
project over its expected life. Each system’s design should
balance upfront costs with impacts on power production
over the plant’s lifespan. Contractors and engineers that
are active in the wind industry have developed highly ef-
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fective design criteria for each major system. However,
it is not uncommon to see projects built with technically
sound designs that unnecessarily add millions of dollars to
the overall construction costs. In addition, it is not uncom-
mon to see wind projects with critical failures in design ar-
eas resulting from inadequate designs. The best insurance
against this happening on a wind project is to engage an
experienced wind contractor early in the design process to
provide, or guide, the project design.

Successful wind construction projects are built by experi-
enced and knowledgeable teams. Wind design and con-
struction projects are fast-paced and demand quick action.
When everything comes together to give a project a green
light (interconnection approval, turbine supply agreement,
permitting, financing), design and construction must
move fast. Missing completion dates can cost the owner
millions of dollars. An experienced design and construc-
tion team is accustomed to this fast pace and will provide
a high quality design/build the product in a relatively short
time frame. Experienced wind contractors assemble the
team of engineers and trades that have the necessary depth
of wind construction experience under a wide variety of
circumstances. Additionally, successful wind construction
teams have the depth of resources to pull from when is-
sues threaten the completion of a project, particularly in
the critical choke points of turbine erection and substation
construction.

Successful wind projects have open, consistent, and effec-
tive communications. While no one involved in a project
expects its design and construction to be without difficul-
ties, they rightly expect that difficulties will be thoroughly
discussed at the appropriate levels, that solutions will be
developed in an open manner, and that these solutions
will be effectively executed by the contractor. Establish-
ing communications processes and expectations early in a
project pays off greatly when unexpected difficulties arise.
It’s easy to have open communications when everything
is going smoothly. It's much harder when issues arise that
demand quick responses with input from a number of af-
fected parties. Success hinges on having an effective and
functioning communications structure in place when
critical issues arise.

When a project design/construction team is assembled,
owners will benefit from taking the time to ask their con-
tractors and engineers how their design and construction
strategy will make the project a success.
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MAINTENANCE

Jack Wallace
Frontier Pro Services

Meticulous attention to turbine blades—paired with a proactive, preventative approach—are
key elements in a successful turbine blade maintenance plan.

THE BASIC STRUCTURE OF A BLADE is made with
adhesive, strings, and ropes. If you take a rope and give
one end to your dog and you hold onto the other end,
you could pull him around the shop. But if you took the
same rope and tried to push him with it... Well, I don’t
have to tell you how well that would work. The rope
has its strength in tension. In a wind turbine blade, we
place the fibers in specific directions so that we gain
the strength of the fibers while in tension. That is one
of the important things that a blade technician has to
consider when working on a blade. It is important to
place the fibers in the proper direction.

Wind turbine blades have complex airfoils designed
to efficiently extract energy from the wind. Blades are
the one component that are exposed to the elements all
day, 365 days a year. The blades run with varying loads
composed of structural and aerodynamic loading.
These blades take a beating. Sometimes people try to
relate wind turbine blades to airplanes, but as a friend
of mine says: “You would be pretty amazed if you saw
an airplane doing cartwheels all day and survive” The
loads for the two are not the same.

It would be great if, during maintenances, you could
easily access the blades so that you could inspect them
closely. The best that most groups can do is to scan
the blades with binoculars, spotting scopes, and high-
powered cameras. This does work to catch some issues
but it is not the same as being right up on the blade
itself. But as you know, to access the blades today take
specialized skills or specialized equipment.

As a team member of a wind farm service crew, you
should be constantly listening to the turbines. The
noises that you should be familiar with include the
noises from the blades. Any changes in noise from the
blade require investigation. The best technicians are
always looking at the blades from the ground and are
also always looking at the blades while they are up on
top of the machine.

For some reason, most blades built today seem to
need leading edge protection. The leading edges of the
blades are sometimes eroded away during operation.
Due to this problem, there are companies that offer
products and services to install a variety of options
for leading edge protection (LEP). There is one option
for the application of a protective tape which is very
durable and resistant to erosion. Another option
involves applying a liquid paint-type protection that
is also resistant to erosion.

In my experience, the tape works well when it is
applied in the shop, under a controlled environment.
Installing the tape in the field has been hit-and-miss
for me. I have seen LEP tape that was installed in
the factory 10 years prior and is still working great.
I have also seen field-applied tape torn and making
noise within less than two wind seasons. The problem
with tape is: If it does tear or lift an edge, it gets noisy.
You can't tell if the noise is coming from the tape, or
from physical damage on the blade. Personally, I don’t
fret very much over noisy tape. “Is it torn tape or real
blade damage?” Torn tape can result in an on blade
inspection by crane or rope. We have yet to see a liquid
LEP product produce the same disturbing noise when
it begins to fail.

“As a team member of a wind
farm service crew, you should
be constantly listening to the
turbines. The noises that you
should be familiar with include
the noises from the blades.”

The liquid LEP seems the easiest applied in the field
but it too has its drawbacks. The primary challenge
with LEP is that the protection has to be applied
properly and uniformly. It would be nice if you could
take the time to remove any ridges left by tape or brush
marks. The original airfoil didn’t have these ridges.

Small changes in the airfoil affect its efficiency and
ability to extract energy. This affects AEP.

Proactive operators will install LEP before damage
happens to the blades airfoil. Other operators wait until
after damage happens and then install the protection.
Those who wait until the damage happens tend to pay
more. This is because before the LEP can be applied,
the damaged area has to be repaired and shaped.
If the airfoil was damaged/increased drag entered
the equation, energy production and subsequently
money has already been lost. The losses of production
are realized in the less-than-rated output portion of
the power curve. If the operator waits long enough,
secondary damage can occur to the blades’ composite
structure and more significant repairs may be needed.

With blades, it pays to be proactive.

Jack Wallace is director of wind turbine technical services for Frontier Pro Services. He can be contacted at
jwallace@frontierpro.com. For more information on Frontier Pro Services, visit www.frontierpro.com
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WIND TURBINE

GEARBOX ANALYSIS PROGRAM

Maintaining
your turbines

at peak

efficiency!

Provides in depth analysis of wind turbine
earboxes Lubricant and Gearbox Condition
nalysis includes:

-Wear Rates

-Wear Particles Analysis
- Particle Counting

- Contamination Levels
- Oil Degradation

- Antioxidant Levels

Grease Analysis, Filter Analysis
and Oil Quality Studies
“along with Internet Data
Management System

ta use any other Iab"

Call us today to find out how we can

H assist you in maintaining your turbines!
' Herguth Laboratories, Inc.

800-OIL-LABS | herguth.com
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TECHNOLOGY

By Anders Voldsgaard Clausen
Hempel A/S

Corrosion protection for offshore wind turbines, due to constant exposure to a highly corrosive
environment, requires proper resources and painstaking attention to developing an action plan.

MULTIPLE PARTIES ARE INVOLVED in the
delivery of successful corrosion protection of
offshore wind turbines. The steel builder, paint
applicator, and paint supplier are all involved in the
process. They must work closely together to achieve
the best results.

Corrosion protection is always the last step of the
production process. When a job is behind schedule,
there is often pressure on the paint shop to make up
for lost time. However, trying to gain time by rushing
the painting process can have costly consequences.
The cost of painting offshore structures in a paint
shop is $20-$32 per m? depending on the setup of
the workshop and the paint system. If repair work
must be done offshore due to premature failure of
the corrosion protection, the cost can be 40-60
times higher.

Onshore exposure implies generally cyclic dew/
condensation and moderate exposure to sunlight,
resulting in moderate corrosion at holidays, weak
points, and damaged areas of the coating system.
In contrast, offshore exposure implies long-term
exposure to humidity with high salinity, intensive
influence of ultraviolet light, wave action and the
presence of a splash zone area, and high corrosive
stress resulting in speedy corrosion at holidays, weak
points, and damaged areas of the coating system.
This difference in exposure severity is also reflected
in the mass and thickness loss per unit surface of
low-carbon steel and zinc in the first year of their
unprotected exposure. For example, in Germany
the onshore corrosivity is evaluated as being about
C3, according to ISO 12944, which corresponds to
a thickness loss of 25 to 50 pm. In comparison, for
splash zone areas, as much as 500 um1 thickness loss
has been observed in the first year of service.

A qualified coating system is not enough to
guarantee a successful corrosion protection.
Other important factors include the design of the
structure (access possibilities), the design of edges
and weld seams, the workmanship of the applicator,
the specific condition of the steel before surface
preparation, and the exposure of the paint system
immediately after completing application.

The design and fabrication of steel used in
wind turbine construction are critical aspects of
the corrosion protection of the steel. Before the
applicator starts his job, the steel builder has to

provide a structure that is suited to be painted
successfully. Coatings can protect only accessible
surfaces. This fact is often neglected in design.
Appropriate distances required for tools in
corrosion protection work must be respected, as well
as minimum dimensions of openings for access to
confined areas, minimum dimensions for narrow
spaces between surfaces, and the incorporation of
design features that may be used to avoid deposits
accumulating or water being trapped.

For offshore structures, the steel surface should
be free from welding spatters and slags, pores,
undercuts, and laminations. The surface also needs
to be dressed to remove irregular and sharp-edged
profiles. Poor weld seam design will cause steel to
corrode quickly.

The workmanship of the applicator is also
very important. Half of all premature corrosion
protection failures are application-related, which
means that frequent quality control checks are
required. Correct surface preparation and coating
thickness are the most important application
parameters.

Because offshore structures present some of
the toughest corrosion protection challenges for
coating systems, the best possible equipment
and set up should always be used for the painting
job. Automatic blast facilities should be used
to minimize variations in surface cleanliness
and surface roughness. Painting booths with
climate control and temperature regulation are
recommended. Two-component spray equipment
should be used to minimize mixing errors, and
qualified people should be hired for the job.

Today more than ever, the market for corrosion
protection of steel wind towers is marked by strong
competition. The demand increases for fast-dry,
solvent-free coatings, lower thicknesses, and fewer
coats. In reality, successful testing and certificates
for coating systems does not necessarily guarantee
the successful coating performance. Indeed, it
is one thing to apply the very best coating under
laboratory conditions onto perfectly prepared test
panels and submit the panels to laboratory testing.
Replicating the same results on site, on thousands
of square meters of steel, applied around the clock
and sometimes under less than optimal conditions,
is a completely different matter.

Anders Voldsgaard Clausen is group wind power segment manager at Hempel A/S. He can be reached at +45 4527 3461. For

more information, visit www.hempel.com.
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Michael Graska
Vectora Transportation LLC

LOGISTICS

Avoid getting caught up in the minutiae. Success in supply chain management
depends on how well you adhere to these seven fundamental laws.

LOGISTICS AND SUPPLY CHAIN management
often comes down to how well you execute the
fundamentals. No magic here; just the ability to
out-execute your completion. I have boiled down
these fundamentals into seven laws. How well
you adhere to these laws will go a long way in
determining how successful your supply chain will
be for your company. The seven laws are: Demand,
Paradox, Metrics, People, Variability, Optimization
and Contingency.

LAW OF DEMAND

It’s really all about the demand. Why call it supply
chain management? What drives the supply chain
ultimately is demand. The issue is how independent
and dependent demand affects a company’s
operations. The more a company refines their
knowledge and control of demand management,
the more efficient and responsive the supply chain.

LAW OF PARADOX

This is dealing with finite supply chain resources.
Here is the paradox: Is your company’s supply chain
model based on operational efficiency or customer
service responsiveness? Companies often struggle
with constraints one type of model imposes versus
the others. Supply chain cost savings can often affect
customer service, while have resources (inventory
and capacity) available for responsiveness add cost.
Which one do you chose in a business environment
of finite resources?

LAW OF METRICS

What gets measured gets done. Does your company
have the right mix of supply chain metrics? Do
metrics communicate direction and change? Is
there too many which can incur paralysis through
analysis? A company needs to define what is
important to measure for its current economic
environment and review and modify periodically.

LAW OF PEOPLE

Just because you bought that new $600 Titanium
driver doesn’t make you a Tiger Woods. People
still have to make key supply chain decisions. Well
trained people doing the right job will make you
successful. It takes a combination of leaders who I
like to say, build the railroads and staff, who run

the railroads to be successful. Do you have the right
people, making the right decisions at the right time?

LAW OF VARIABILITY
Does it seem like you are on the tail end of crack
the whip?

Variability within a supply chain amplifies as
a company’s product and information move up
the supply chain. This issue of variability is the
number one reason why supply chains are not more
efficient. It needs to be recognized, measured and
controlled. Does your company have visibility and
control to damper variability?

“The more a company refines
their knowledge and control

of demand management, the
more efficient and responsive

the supply chain.”

LAW OF OPTIMIZATION
Are you able to see the forest for the trees?

Most companies fall into sub-optimizing a few
links within their supply chain without recognizing
what that does to the entire chain. It reminds me of
saying I once heard: “We are going to save money
no matter how much it costs” Sub-optimization
happens when your supply chain is not viewed
in the entirety. Procurement, manufacturing,
warehousing, distribution and transportation need
to be view as a single entity and not individual parts.

LAW OF CONTINGENCY
Planning is great, execution is even better, but
stuff happens. This law often makes or breaks a
company’s supply chain. How well a company plans,
prepares and anticipate events turns an average
company into world class. Does your company have
supply chain contingencies developed before they
are needed?

I suggest a company take some time to review
where they are at with all seven laws. It is a great
exercise that will contribute benefit to your supply

chain.

Michael E. Graska is senior manager of operations and engineering for Vectora Transportation LLC.

For more information, go to www.vectoratransportation.com.
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COMPANY PROFILE

RIO SOUTH TEXAS ECONOMIC COUNCIL

By Stephen Sisk

Regional economic marketing group seeks to capitalize on recent
wind energy development to expand industry’s presence in southern
Texas
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DOES THE LONGSTANDING ADAGE “everything’s
bigger in Texas” hold water? Ask a resident or workforce
member of the Rio South Texas region, and theyd likely
respond to the affirmative. But there’s a chance that
instead, they might take it a step further.

Population is up. Industry is up. Skilled workforce
numbers are up. Quality of life indicies are up. Retail sales
are up. Higher education opportunities are plentiful.

In short, everything’s getting bigger in Rio.

In 2008, communities within the four-county (Hidalgo,
Starr, Willacy, and Cameron) Rio South Texas region
recognized the need to pool their economic development
efforts into a centralized organization. The resulting
agency—Rio South Texas Economic Council—provides
economic development support through combined
secondary marketing efforts. The council serves as a
quasi-marketing arm for its more than twenty public
and private members, with the goal “to attract capital
investment and jobs to the region and fostering the
growth of the economy”’

A large portion of the council’s effort is spent visiting
industrial trade shows. The council will be exhibiting
at WINDPOWER 2013 in Chicago on May 5-8 at
McCormick Place.

Texas has the most wind energy of any state in the U.S.,
when considering pure nameplate capacity, at more than
12,000MW. This accounts for a fifth of the nation’s total
capacity.

In recent history, the Rio South Texas region—which
was had previously been anemic in wind energy in
comparison with the state—has seen a boom in wind
energy.

Earlier this year, Charlotte, N.C.-based Duke Energy
announced the completion of the Los Vientos wind farm
project, located within the Rio region in Willacy County.
The wind farm, announced in August 2011, was originally
planned as a 200MW project.

Two months later, the utility announced that was
slightly more than doubling the size of the project by
adding a second phase to the project. The 402MW
generated at Los Vientos is purchased by CPS Energy
(first phase) and Austin Energy (second phase).

The total investment by Duke Energy was not available.
But a company executive spoke of the economic impact
in a January press release that announced the completion
of the Los Vientos projects.

“We're proud to be partnering with CPS Energy and
Austin Energy to bring renewable energy to this region,’
Duke Energy Renewables vice president Milton Howard
said. “And, we couldn't have done it without the foresight
of the leaders, landowners and people of Willacy County.

Thanks to them, we were able to bring 600 jobs to the area
during construction, and going forward, the Los Vientos
projects will continue to boost economic development,
support the local school districts, and be a source of
dependable tax revenue for years to come”

The Duke projects were preceded by the completion
of E.ON Climate & Renewables’ 200MW Magic Valley
Wind Farm—Willacy County’s first wind farm—in
August 2012. Similarly, an EC&R executive extolled the
economic benefits of wind energy development during an
on-site dedication.

“We are honored to be a part of the local community,
and we look forward to providing economic support and
renewable, homegrown energy for many years to come;
said Steve Trenholm , CEO, EC&R North America.
“Wind farms create jobs, and provide an economic shot
in the arm to farmers, ranchers, and rural communities
across America”

The development of two wind energy projects within
such a short period of time could indeed prove to be a
major boost to the Rio region.

In 2012, Texas also led the nation in terms of new wind
energy installations. Developers brought 1,826MW of
wind energy online in Texas last year—again, more than
any other state. Rio’s Duke and EC&R projects, totaling
602MW, accounted for nearly a third of all Texas’ new
wind installations last year.

Rio South Texas Economic Council members hope to
turn those numbers into a trend.

Council members met with representatives from Duke
and EC&R, as well as personnel from Seimens and Vestas
(who were chosen as turbine suppliers for the two Willacy
projects), during the WINDPOWER event in Atlanta in
2012.

Those existing projects may assist the Rio council
in attracting further wind energy investment to the
region as they continue their efforts at the upcoming
WINDPOWER 2013 event next month in Chicago.

Located on the southernmost tip of Texas, Rio South
Texas is the third largest market in Texas, and the 23rd
largest market in the United States. The region also boasts
the distinction of being the largest U.S./Mexico border
region in the nation.

Regional population has increased more than 29
percent since 2000, according to U.S. Census numbers;
and by 2015, the population is expected to show a nearly
40 percent increase over 2000 tallies. In 2010, there
were more than 1.2 million residents in the region. That
number nearly doubles when taking into account the
number of residents living in bordering communities in
Mexico. A

For more information, visit www.riosouthtexas.com.
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Unique airship with 66-ton payload capacity provides an efficient,

ecological alternative means of component transportation. -

By Sadia Ashraf
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Sadia Ashraf is the communications manager at Worldwide Aeros Corp. For more information about the
Aeroscraft, visit www.aeroscraft.com or call 323-201-8383. Visit Aeroscraft at WINDPOWER 2013 Booth 2321.

THE WIND BUSINESS IS ULTIMATELY a logistics
business. Worldwide Aeros Corp. (Aeros), a Southern
California-based international aircraft company, is
proposing that its logistics product, the Aeroscraft,
will provide wind power components manufacturer
a more cost efficient solution for delivering current
turbine products, as well as larger scale turbine
components, from production to delivery site.

Aeros is a lighter-than-air (FAA-certified) aircraft
manufacturing company that does in-house research,
development, production, flight and operation of
its advanced-technology tethered aircrafts and air
vehicles. For the past 25 years, Aeros airships have
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been used globally for government, commercial
and humanitarian applications. Aeros products
include the non-rigid FAA type certified Aeros 40D
Sky Dragon airships, advanced tethered aerostatic
systems and the new type rigid, variable buoyancy air
vehicle—the Aeroscraft.

Motivated to become an international provider of
advanced transportation solutions, Aeros developed
the Aeroscraft that has the ability to carry a large
payload of 66 tons to provide a hi-tech aviation
vertical solution to moving heavy and oversized
cargo, from point-of-origin to point-of-need, even to
areas with limited or no infrastructure.



http://www.aeroscraft.com

The Aeroscraft is a rigid variable buoyancy
airship—a first of its kind—designed to control
airlift in all stages of air or ground operations,
including the ability to offload its payload without
re-ballasting. The Aeroscraft is not a blimp, zeppelin
or a hybrid vehicle. It is a new type of aircraft that
combines a suite of new aviation technologies.

OBSTACLES TO WIND TURBINE TRANSPORTATION
“The current transportation infrastructure allows
the wind industry to expand rapidly,” stated Igor
Pasternak, CEO of Aeros, “yet the industry is facing
significant transportation problems, which if left

unaddressed, will create obstacles to achieving the
wind energy industry’s full potential.”

The U.S. wind industry now totals 60,007MW of
cumulative wind capacity (and more than 45,100
turbines) through the end of December 2012. The
U.S. wind industry has added over 35 percent of all
new generating capacity over the past five years,
second only to natural gas, and more than nuclear
and coal combined, according to the American Wind
Energy Association.

The expansion of the wind energy industry has
contributed to transportation and logistics issues
confronting manufacturers and developers. Moving
wind turbine components from the factory floor
to the project site is the main challenge of wind
industries. It involves handling sensitive and valuable
components that can weigh several tons and be well
over a hundred feet in length.

As larger-scale blades and bigger turbines are
developed—beyond 80 ft in length ranging up to 145
ft—utilizing trucks or helicopters to transport these
blades in austere or landlocked territories becomes
complex. Blade lengths will continue to grow in the
future, particularly for offshore wind projects. The
largest blades are over 200 feet long (60 meters-plus)
for a 5MW turbine. In this situation, the Aeroscraft
with its vertical takeoff and landing capability offers a
solution to transporting blades from a manufacturing
site directly to the point-of-need-destination.

Moving wind blades from the factory floor to
the project site poses another major issue. A single
turbine can require up to eight hauls through
multiple transportation modes: road, rail, and water.
Pasternak believes that “utilizing a vertical solution
like the airlift capacity of the Aeroscraft bypasses
choke points and uneven or even non-existent
infrastructure.”

For environmentally conscious companies, the
Aeroscraft is as ecological (in that it uses much less
fuel) as it is efficient, offering a virtually noiseless
and no-pollution operation. Not only will it be able
to haul massive amounts of cargo, it will do so with
quiet, electric engines.
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Our Members
Move the World

So You Can
Power It

SC&RA has more than 1300 member companies
worldwide who have the unique expertise you
require in oversize/overweight transportation,
crane, rigging and industry related services.

Members enjoy many benefits including:

ADVOCACY for members on legislative and regulatory
issues that directly impact company operations
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and industry-specific products
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free monthly webinars
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5870 Trinity Parkway, Suite 200

. Centreville, VA 20120
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CAN AVERTICAL SOLUTION BE THE ANSWER?
“It'sanew era for logistics in cargo. Transportation is
our first aim for the Aeroscraft,” said Fred Edworthy
the Vice President of Aeros. ‘It’s impossible to get
into some of the resource rich areas of the world.
Areas of the far north or the Amazon are examples.”
He explained that the Aeroscraft’s rigid aeroshell
and internal ballast control system provides its
distinctive use of off-board ballasting, as well as off
and on-loading capacity while hovering that can
truly benefit the transportation of wind turbines.

Pasternak, who is also the engineer behind the
Aeroscraft, said that it can potentially overcome
several wind blade transportation limitations.
Traditionally, airships and blimps have provided a
broad range of services which include surveillance,
advertising, broadcasting and communication
missions. However, they have considerable
limitations in transporting cargo because they
require ballast to keep them grounded once cargo
is offloaded.

Moreover, they have a non-rigid structure which
is prone to puncture. Another obstacle conventional
and hybrid airships face is the inability to control
buoyancy. The requirement for ballast exchange,
ground infrastructure and need for runways
significantly limits the usefulness of the vehicles for
cargo applications.

“The Aeroscraft can address the transportation
challenges of the increasing size of wind turbine
systems,” Pasternak said. This aircraft will be
able to, vertically and internally in its cargo area,
transport large-scale, 10MW-plus wind blades and
other components to any destination in the world.
Pasternak maintains that the Aeroscraft’s fuel
efficiency and ability to circumvent all manner of
obstacles make it an economical and viable solution
to wind turbine transportation.

THE AEROSCRAFT PROTOTYPE'S
TECHNOLOGIES

The Aeroscraft is unique because of its Internal
Ballast Control system, allowing it to offload
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cargo without ballast. The Aeroscraft can control
lift at all stages with its Vertical Takeoff &
Landing (VTOL) means, and can carry maximum
payload in hover-mode. It is also built with rigid,
carbon composite shell, making it sturdier and
better able to carry payloads. The Aeroscraft
needs no hangar facility, airport or excessive
maintenance.

The first version of the Aeroscraft recently
reached completion. Funding and oversight
of the Aeroscraft Project has been supported
by the Defense Advanced Research Projects
Agency (DARPA), the U.S. Defense Department
Defiance’s Rapid Reaction Technology Office,
and the National Aeronautics and Space
Administration (NASA).

The massive 260-foot length prototype
Aeroscraft (a subscale of the planned 66 ton
ML866 model) was built to prove its scalability—
was designed by the LTA (Lighter than air)
and aeronautical engineers. Recently in a series
of controlled tests, the Aeroscraft vehicle has
demonstrated its ability to operate without land
infrastructure and ground crew, interfacing with
remote as well as with onboard cockpit controls.

The prototype also demonstrated the control of
static heaviness, or COSH, a system that allows
direct management of the vehicle’s buoyancy.
When the airship is on the ground, this system
pumps helium into helium pressurization
envelopes.

Ambient air will fill portions of the internal
structure of the airship and the vehicle will
become heavier than air. This allows it to the
offload of cargo without having to onload ballast
(weight) to keep the airship on the ground. The
COSH system will release the helium from the
pressurization envelopes in preparation for flight,
allowing the vehicle to become lighter than air
and enabling vertical takeoff, Pasternak explained.

Austere terrain and isolated environments
remain reachable only in the developed
transportation periphery. Reaching places
from Western Alaska to rural India demands a
vertical airlift solution with the ability to bypass
infrastructure. The Aeroscraft could be the
future airlift freight solution for wind turbine
transportation with its key features:

o Vertical Takeoff and Landing (VTOL)
capability that allows operation without
ground infrastructure and from unimproved
landing sites.

+ Advanced Buoyancy and Low Speed Control
System that enables aerial loading and
offloading without external ballast.

« Rigid Structure and Large Cargo Compartment
designed to overcome the growing weight and
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U S A ; IN C p systems and solutions for over 35 years

SOLUTIONS FOR TURBINE OIL PROBLEMS

BA-FPS-WF-75H FLUID PURIFICATION SYSTEMS

Reduce or Eliminate Turbine & Hydraulic Oil System

Contamination Problems

System is designed to process new and in service turbine and hydraulic fluids
to remove moisture and dissolved gasses,

Maintaining oil quality with the Baron FPS WF system helps to;

Increase oil life

Improve equipment perfarmance
Reduce disposal

Reduce replacement costs
Reduce oxidation and ‘sludging’

T -Purveyors.-of the fifeSPOI Proééssing Systems
in-the-known universe and possibly even further!

SOLUTIONS FOR GASSING TRANSFORMERS

BA-WF HIGH VACUUM SERIES

Control Total and Combustible Gas Buildup

The system can work with the transformer on-line or off-line and will reduce
the combustible gas levels to a point that allows the transformer to remain in
operation. Options vary per GPH/GPM needed. Contact us for a system that
best suits your needs

OksA0| www.BaronUSA.com
Sales@BaronUSA.com
[=] Phone:(931)528-8476
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length limitations in wind turbine
transportation.

« Buoyancy-assisted Lifting System
that lowers transportation expense
and will reduce the overall cost of
Wind Energy

WIND TURBINES AND THE
AEROSCRAFT

The most common turbines being
installed at wind farms produce
about 2.5MW of electricity and have
164-foot-long blades. At that length,
it is difficult to erect them because
the pieces often cannot fit on rail
cars or highways, if there even are
any roads to the farms. Sometimes,
special roads have to be built to bring
turbines to the site.

Wind turbine design and
engineering has progressed to
build ever-larger turbine units. The
industry has demonstrated that
building one larger turbine (7MW-
plus) is more economical than
building multiple smaller systems
(2MW-plus) with an equivalent total
power output.

Edworthy suggests the Aeroscraft
can limit the construction of roads
and ports saving time, resources
and the environment and “lowering
transportation and logistics costs
that will reduce the overall cost
of wind energy.” Its internal
payload compartment is capable
of accommodating multiple blades
over 300 feet long, and it can
be customized to overcome the
growing height, weight, width, and
length limitations in wind turbine
transportation.

According to AWEA, the fourth
quarter of 2012 saw 8,380MW of
wind power capacity installed,
bringing total 2012 installations to
13,124 MW, which equated to over
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FRIEDBERG WIND FASTENERS
from tower base to rotor blade!

FRIEDBERG is a pioneer in wind energy in a global context. In
p Close cooperation with leading manufacturers, fastening systems

have been developed,
which are installed from base to to-
wer in all decisive safety and stabi-
lity interfaces. In this way, bolts from
FRIEDBERG have become the sup-
porting component of systems which
are becoming higher and more
powerful on both land and water.
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Figure 1 Case Study: High Altitude Wind Farm (10,000
Acers - Steen’s Mountain in Oregon).

5,000 turbines, resulting in approximately 40,000
transportation hauls.

A single turbine can require up to eight hauls
(one nacelle, one hub, three blades and three
tower sections). For an entire project of 150MW,
transportation requirements have been as much as
689 truckloads, 140 railcars, and eight ships to the
United States. And, many projects today are much
larger than 150MW (the largest operating project in
the U.S. is currently 736 MW, and projects of more
than 4,000MW are in the early stages of development).

The major transportation challenges for wind
turbines include trucking with overhead objects,
height requirements, and weight limits; varying
state and local regulatory system under which the
trucking industry operates; limited carrier capacity
and non-optimized loads and scheduling. Train
transport is lacking due to dimension limitations;
and lack of access to final project sites. Water and
shipping transportation is limited to as there is no
access to final delivery sites. The Aeroscraft can gain
direct access to remote areas and eliminate costly
intermodal challenges.

Taking one of the high-altitude wind farms,
Oregon Steen’s Mountain, as an example, Figure 1

\ pﬂ’_’—‘

Figure 2: Aerial Loading & Unloading.

Figure 3: Internal Compartment with Restraint system.
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Kllber Lubrication has over 80 years of
experience manufacturing lubricants that
exceed industrial standards. Kliber’s
commitment to quality can be seen in
Klibersynth GEM 4-320 N—gear oil
which covers a wide range of temperatures
with outstanding resistance to foaming
and is formulated to reach the highest
levels for protection against wear and
micropitting. Converting to Klibersynth
GEM 4-320 N is easy with our proven
procedure. Start online and stay online
with Klubersynth GEM 4-320 N.

Kliiber Lubrication North America L.P.
info@Qus.kluber.com

www.klubersolutions.com/wind5

your global specialist

KKLUBER
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illustrates the logistics challenges the current transportation industry

is facing and the technological advancement of the vertical airlift of

the Aeroscraft.

The Aeroscraft vehicle can also prevent blade damage that is caused
sometimes during the current intermodal transportation. Aeros has
proposed a customized cargo vehicle for the wind industry with an
internal compartment design that accommodates multiple blades over
400-plus feet long and other turbine components. The compartment
would be comprised of:

CROWDER

Wind Energy

DEGREES AND CERTIFICATES

> Solar Energy > BioFuels

=1

Enroll now for
Fall 2013 classes.

visit us online
www.crowder.edu

or Call 866-238-7788

MARET

Missouri Alternative & Renewable Energy Technology Center
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+ Rear Cargo Bay Entrance/Exit
that allows for convenient
ground loading/offloading
and maintenance access.
Payload Cradle Platform with
restraint system that provides
stability and protects against a
combination of static, dynamic,
and stochastic loads.

Base Hatch and Tension Wire
System, along with the vehicle
internal buoyancy and low-speed
control system, that enables
aerial loading/offloading, turbine
installation and maintenance.

£y

£y

Before takeoff, blades and other
payload would be loaded by its rear
cargo bay entrance and secured by
therestraining system on the cradle
platform. The Aeroscraft could
takes off vertically and during the
whole flight, the equipped active
attitude control system keeps the
platform level to minimize the
strain and damage (Figure 2). At
arrival, the Aeroscraft can ascend
vertically, open the base hatch,
extend the tension wire, and
unload the payload (Figure 3). It
can also work as a crane to assist
installation and maintenance.

The company is currently
in discussions with leading
companies in the wind turbine
industry who are seeking to
streamline  logistics for the
transport of large components that
cannot be transported intact across
normal highway or air corridors.
The Aeroscraft heavy-airlift air
vehicle can potentially change the
way wind turbines are transported,
offering a viable vertical solution.

Aircraft experts and several
U.S. agencies are betting that
the Aeroscraft vehicle with its
advanced technology capacities
can transform the transportation
of large and heavy cargos,
supporting and altering any
number of the world’s equipment-
dependent mega-projects and
the industries that manage
them - including wind energy,
aerospace, petroleum, highway
construction, engineering and
telecommunications.
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Your GO-TO Resource for
Wind System Products & Services

Committed to being your “go-to” resource, we serve project developers,
small business, municipal-distributed generation, community or utility

scale wind projects as well as utility & construction industries with:

Renewable Resources New & Used Mat Products

- Wind Turbines

- Blades

- Towers

- Utility Poles

- State-Of-The-Art

Timber Crane Mats
Laminated Mats

Rugged-Road™ - Composite
Mats

Temporary Roadways or Bridges

@ Foundation Systems - Skids and Pads
Bridgewell's added value services: prompt & personalized service,
BR'DG EWELL strategic inventory, competitive rates, superior logistics and custom
RESOURCES" delivery options and services.
Call us today to discuss your next project:
Bridgewell Renewable Resources Bridgewell Mats
800.613.3501 800.276.3404
Global Reach. RRSales@bridgewellres.com Sales@bridgewellmats.com
Personal Touch. BridgewellRenewables.com BridgewellMats.com
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AGING DRIVETRAIN
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yur O&M budget can be achieved by %
systematically processing the data derive
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Larry Jacobs is the marketing and sales manager, North America, for Romax Technology. He can be reached
at 802.858.9185 or larry.jacobs@romaxtech.com. Visit Romax at WINDPOWER 2013, Booth 2909.

transitions to a
larger install base of turbines that are either out of
warranty or soon to be, the focus of every owner/
operator turns to optimizing their operations and
maintenance and more specifically, managing the
health of the drivetrain and its components. The cost
of failures as it relates to drivetrain components can
quickly erode an O&M budget—especially if these
failures were not anticipated or if they occur within
a timeframe that was not expected. Drivetrain health
management is the key to understanding the existing
condition of drivetrain components as it provides
effective failure mode prediction (not just fault
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detection) and it allows for well-timed planning of
maintenance activities.

The English philosopher Sir Francis Bacon has been
credited with the phrase, “knowledge is power”. This
is never more appropriate when it comes to drivetrain
health management and failure mode prediction. This
knowledge comes from two sources—the knowledge
that a health management system provides to the
end user and even more importantly, the knowledge,
expertise, and experience that went into developing such
a system. There is a ton of data that can be generated
by health management systems such as condition
monitoring, lubrication sampling, oil particle counters,

g = 3
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SCADA, etc., but the true value of these systems lies

with the processing and analysis of this data. Romax

InSight software combines all these various health

management tools into one system (Table 1) and
InSight services provides the engineering know-how
to implement processes, re-engineer components or
develop retrofit modifications to reduce failures. Grease
sampling is a common monitoring technique for large
bearings, and Romax InSight iDS software provides
tools to trend grease ferrography and elemental
composition results; yet as shown in Figure 1, without
implementation of proper sampling procedures the
monitoring can be erroneous. This result is included in

F00
erroneous result
600 f |
rom poar sample
500 location
400
300
200
- I- R EL L
o
Locknut  Losknut ase  Roflers Roflers  Rollers
12:00 300  overflow  3:00 6:00 9:00
B Density Large W Density Small
Figure 1: Particle counts for main bearing grease samples:

Samples are compared for six locations (taken the same
day), Sampling from the grease overflow trap (common
practice) provides erroneous results.

FEATURES OF INSIGHT IDS SOFTWARE

Vibration Monitoring
Temperature Monitoring
Lubrication Sample Monitoring
Particle Counter Monitoring
Component Inspection Database
Failure Database
Reliability Analysis
CMMS Integration
Monitoring Hardware Independence

Table 1: Features of InSight iDS software.

Figure 2: Optimal maintenance time.

procedures developed for technicians to illustrate why
to sample a certain way.

The “Maintenance Scheduling” sidebar (p. 39)
shows the progression of main bearing failure
where the specialized analysis implemented within
the InSight software provides at least six months
prediction on failure. Having this knowledge well in
advance of the pending failure is equally important
to managing drivetrain health. Figure 2 looks at the
optimal time to perform maintenance as it relates
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Technique Advantage Disadvantage Cost
Termperature in load zone higher
1 Temperature analysis Inexpensive than measurement point. Often i
warning is very short.
2 Grease analysis Can offer early detection Adds 30-60 minutes to maintenance  $%
Cost effective in the short term. Trending requires multiple turbine
3 Portable vibration  Can combine with gearbox and visits. Over the long term fixed 333
generator sweep installation is better.
P 4+ hours of machine downtime.
4 Visual inspection c?; d":;'r“e If conducted Covers are heavy, safety issue. $95%
pIops Grease disposal.

Figure 3: Drivetrain health management options in lieu of permanent vibration monitoring installations.

to three maintenance models. The preventive model
results in high cost of maintenance with low cost of
failure. Reactive maintenance results in a low cost of
maintenance with high cost of failure. The intersection
of these two modes is predictive maintenance and is
determined to be the optimal maintenance time.
However, it should be noted that this optimal time is
not necessarily a one-size-fits-all model. Having the
information of a failure mode (knowledge is power)
well in advance of the pending fault (time is money)
puts the owner/operator in the driver’s seat for
scheduling the maintenance activity and allows for
well-informed decisions. It provides flexibility on
when to order parts, resource availability, and when

to deploy a crane (if needed); and these may not
always align with the “optimal” maintenance time.
So, when we say “optimizing O&M” what do we
really mean? It means optimizing production—
ensuring turbines are available when the wind is
blowing and ensuring turbines are operating at peak
performance. It also means minimizing operational
costs through balancing cost of maintenance with
cost of failure (as shown in Figure 2). When we take
these into consideration with the understanding
that time is money, then the objectives for any
maintenance related activity is to schedule during
low wind seasons (ideally), and when labor and
equipment is available, and at most reasonable cost.

Gould & Eberhardt is a pioneer in high-speed
gear gashing with large diameter carbide-
inserted cutters. Our new line of machines
has a rigid design and heads engineered
with state of the art gear gashing cutter
technology. Gear gashing technology has
opened many gear cutting applications

in wind energy, mining, off-highway
construction and other coarse pitch gearing.

Our gasher/hobbers are equipped with

the new G&E interchangeable cutter head
design. This design provides the option for
both internal and external heads on a single
column machine with capacities

up to 5.5 meters.

866
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Visit us at Windpower 2013 Booth #3365

Wind Power’s New Home

Two Countries, One Region, Many Choices.

Largest U.S./Mexico Border Region in America - 3rd Largest Market inTexas - 23rd Largest Market in the USA

In Rio South Texas, our steady Gulf Coast breeze already powers hundreds
of giant wind turbines, with more turbines going up each week. Did you
know that Texas provides more than twice the wind power energy of any
other state? In fact, Rio South Texas wind farms are producing enough
megawatts to power nearly a half million homes. Wind Power is creating

new jobs and new opportunities in Rio South Texas. With more than 600
manufacturing firms, thirteen international crossings, five airports, deep and shallow-water ports,
rail and an impressive highway system, endless opportunities are waiting for you in Rio South Texas.

For more in-depth information about Rio South Texas, go to RioSouthTexas.com or call 1-888-778-3201
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The “Test of Time” doesn’t take long when
RUST is involved. Look at this wire rope
after just 2 months in salt water!

But there is hope.
That wire rope coated with Hinderrust, looks
like this after the same 2 months! This
solvent-free, rust-inhibiting lubricant is re-
sponsible for stopping the rust dead in its
tracks. It’s surface activity and low viscosity
penetrates every internal nook and cranny.

Machines, tools, ropes, drive chains, etc. that are
already rusted can be salvaged with Hinderrust.
Just saturate the rusted area and the rust won’t
spread any further. The lubricants in Hinderrust
will renew the life of these items and they’ll run
as good as new! Since Hinderrust has no sol-
vents, it can be used in closed areas like wind
turbine nacelles, engine rooms and other close
quarters that would otherwise be prohibited.

Manufactured by Hinderrust Inc.
A division of Fluoramics Inc.
(The makers of “Tufoil®”)
www.hinderrust.com

800-922-0075 or 201-825-8110
Fax: 201-825-7035
Distributorships are still available
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FAILURE CAUSE ANALYSIS

A Romax engineer disassembles planetary stage of a
gearbox during failure root cause analysis.

An important step to developing solutions for costly
machinery problems at wind farms is conducting a
step-by-step root cause analysis of failures. With a
thorough understanding of the failure modes and the
early indicators of failure, solutions can then be devel-
oped to either mitigate the failure or reduce the sever-
ity and frequency.

Typical activities include:

* Uptower inspections — investigating the failure is-
sue in-situ

e Factory teardown — step by step disassembly, in-
spection and photographing of each and every part
in the failed component. Review of all the evidence
by experts

* Metallurgical analysis — examining steel hardness,
microstructure compositions, failure mechanisms
and material quality

* Engineering simulation — assessing functional be-
haviour and loads and stresses versus allowable
limits

* Design review — review by experienced engineers in
areas such a lubrication, assembly, tolerancing and
design for manufacturing
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Figure 4: Screenshot of InSight iDS health monitoring ool.

Field experience is important in
developing effective and reliable
analysis tools (See “Failure Cause
Analysis,” p. 38). Root cause
analysis and field inspections
of drivetrain failures provide
important feedback in validating
analysis techniques. We all want
to find the needle in a haystack

so practical experience is just as
valuable. With drivetrain health
management there are many factors
to consider when determining the
best solutions—size of the wind
farm, size and age of the turbines,
installed condition monitoring
hardware, and component failure
rates. These are all considerations

Vibration based condition monitori
with scheduled maintenance planning. Given
that for most wind farms, unscheduled main-
tenance makes up a significant portion of
operation costs, better planning enables cost
savings to justify the cost of installing vibra
tion based condition monitoring. This is es-
pecially the case for failures where the repair
requires removal of the aero-rotor and a crane
to be deployed. There may be many days of
downtime if the crane cannot be mobilized
immediately. Lead time on large components
such as main bearings and gearboxes can also
bring delay and add to the costs of the failure.
Main bearing failures are a common issue
where vibration based condition monitoring
is an effective tool for maintenance planning.
The macropitting damage can be detected
months in advance, compared with tem-
perature analysis, which can detect damage
only days, or at most a few weeks, before a
machine shutdown is required. In this rep-
resentative example, the damage is detected
almost one year before the turbine faulted
from over-temperature. Vibration analysis
reveals the damage component, in this case,
the outer race. The statistical temperature
analysis shows Turbine C is operating at a
significantly higher temperature, but the tem-
ise is only evident at the final stages

of damage.

in determining what’s best. Ideally,
a  well-established  continuous
monitoring program is in place
and a historical database is being
established. But in cases where
CMS hardware is not yet installed
what are my options? As an
example, Figure 3 outlines some
tools and techniques to consider
when establishing a drivetrain
health management program for
main bearing failures.

When it comes to reducing
risk with knowledge and time,
and turbine O&M cost savings,
the long-term benefits of a health
management program are clearly
measureable—prevent catastrophic
events, convert downtower repair/
replacement into an uptower
repair, effectively manage spare
parts inventory, curtail operations
for prolonged production, mitigate
insurance risks, and amortize
equipment costs. -

==IOMMOO®D
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MAKING SENSE OF THE CMS MARKET

Six key steps to take into account when.swimming the
sea of condition monitoring purchas@’deoision-@kﬁing.

By Brogan Morton
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Brogan Morton is the product manager for TurbinePhD, a product of NRG Systems. He can be reached
at bpm@nrgsystems.com. For more information, visit www.nrgsystems.com. Visit NRG Systems at

WINDPOWER 2013 Booth 2032.

CONDITION MONITORING FRAMEWORK
The recent acceptance of the value of condition monitoring
in the wind industry is driven by two major factors: First,
turbines coming off warranty are exposing owners to the
true operations and maintenance costs of the wind farm;
Also, major component failures are driving excessive
maintenance costs. To combat these challenges, owners
and operators are deploying condition monitoring systems
(CMS) to detect faults early, before they cause secondary
damage. Catching faults early means the cost of repair can
be reduced, resulting in significant savings.

With the acceptance of condition monitoring systems
on the rise, there is a related increase in the number of
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vendors bringing CMS products to market. Almost
every turbine OEM offers a CMS, and gearbox and
bearings suppliers are readily joining this increasingly
crowded market. Furthering the complexity of
choosing a condition monitoring system is the fact
that several different technologies are available (e.g.
vibration, oil debris, SCADA). Deciding which system
or technology provides the highest value can feel like
comparing apples to oranges.

Unfortunately, there is no performance standard
or benchmark to compare the various condition
monitoring systems. A prospective buyer is charged
with the difficult task of determining which CMS
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will provide the right performance and the right
price. To assist in this decision-making process, it
is important to focus on the over-arching goal of a
condition monitoring system—providing the user with
recommendations that allow them to make optimal
O&M decisions.

With this goal in mind, it is important to understand
the process through which a CMS converts a physical
measurement (e.g. vibration, oil debris, temperature,
pressure) into a recommendation for action. Luckily
for prospective buyers, there is a generic process that
all condition monitoring systems follow. This process
is comprised of six steps:

Optimal OEM Doceigrs

Figure 1; The six steps of an effective condition monitoring
process.

+Data acquisition — translation of a physical
phenomenon into an analog measurement that can be
converted into digital format.

» Data processing — processing the digitized sensor
measurements into meaningful indications of
component health.

+ Detection — classification of whether the condition
indicators are “normal” or “abnormal.”

« Diagnosis — validation of the fault and a determination
of its location and severity.

+ Prognosis — estimation of how much longer the faulted
component will last before it needs to be replaced.

+ Recommendation -  determination of what
maintenance action is necessary and when it should
be performed

Figure 1 shows this condition monitoring framework
in a graphical format. Understanding how a particular
condition monitoring system performs each of these
steps will give a prospective buyer a much clearer
understanding of the system’s capability and the cost of
each step in the process.

The process moves from data acquisition to
recommendation in a linear fashion. Since the output of
each step drives the next, the quality of work done in one
will affect downstream performance, so considering the
CMS from a holistic systems level is most appropriate.
It is also worth noting that the condition monitoring
process stops at recommendation. It is up to the
operator to use those recommendations to make better
operations and maintenance decisions.

There are many different types of wind turbine
condition monitoring systems with very different
methods of providing turbine health information.
Instead of using one of these technologies as an example,
we will use an even more generic example that everyone
can recognize; a visit with your physician.

DATA ACQUISITION

Every CMS starts with a sensor that translates a
physical phenomenon into an analog measurement,
which is then converted into digital format for further
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processing. In our example, a doctor will take a blood pressure measurement
as a routine part of the visit. The data acquisition sensors in this case are the
stethoscope used to measure cardiac cycles, and the pressure cuff used to
measure arterial pressure. The digitization of the sensor outputs is performed
by the ears (stethoscope) and eyes (pressure cuff) of the doctor.

The stethoscope and pressure cuff needed for a blood pressure
measurement are not high-precision sensors. This is very different than
wind turbine condition monitoring systems where the fidelity of these
measurements will affect the down-stream processing, so understanding the
sensitivity, bandwidth and accuracy of the sensor chosen is important. It is also

See us at Windpower
Booth #3606
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important to understand if a CMS
can determine component health
on all of the fault modes that
can effect it. Oil debris systems
can detect pitting failures but
cannot detect cracking faults.
Vibration-based  systems can
detect both pitting and cracking,
but most cannot determine the
health of components in the
planetary section. Prospective
buyers should take an inventory
of the components on their wind
turbines that have been driving
the largest maintenance costs and
determine their most common
fault modes.

DATA PROCESSING

After the sensor measurement has
been converted to a digital format,
the CMS must process the sensor
measurements into meaningful
indications of component health.
In our physician example, the
data processing step requires
combining the data from the
cardiac cycle (stethoscope output)
with the pressure variations
(pressure cuff output) measured
at the same time. The physician
must then average all the pressure
variations over the course of the
measurement. The complexity of
the two measurement signals is
reduced to two simple numbers,
120/80mmHg for example, which
characterizes the patient’s current
blood pressure.

The data processing step
involves two distinct sub-steps.
The first is to isolate the relevant
portion of the measurement signal
from the ‘noise’ and involves
some sort of filtering of the
original signal. In our example,
the physician only looks at the
pressure levels during specific
parts of the cardiac cycle, filtering
out the rest of the extraneous
values. When the signal isolation
is done well, it will increase the
sensitivity of the CMS, allowing
for easier discrimination between
“un-faulted”  and  “faulted”
components. It will also reduce
the inevitable variation in these
component condition indicators
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Figure 2: Effective data processing is the difference between
poor fault discrimination (top) and good fault discrimination
(bottom) .

due to the complex environments and varied conditions
in which wind turbines operate.

The second step of data processing is extracting
the salient features of the filtered signal that provide
an indication of component condition. The resultant
condition indicators should ideally identify the presence
of different fault modes in the component. For example,
a gear can have several fault modes including root
cracks, surface pitting or misalignment. Each of these
fault modes manifests itself in different ways, so no
single condition indicators will accurately characterize
all of these faults. Therefore, several condition indicators
based on different filtering methods should be used to
identify potential fault modes in each component.

The goal is to design data processing that calculates
condition indicators that identify all potential fault
modes and easily discriminate between faulted and
un-faulted components. Figure 2 shows two different
scenarios—a condition indicator that results from
poor data processing (top), and a condition indicator
that result from effective data processing. In both of
the graphs, the green distribution is the range of the
condition indicator typical for an un-faulted component
while the red distribution is the range of the condition
indicator typical for a faulted component. In the top
graph, there is a great deal of overlap between the two
distributions due to inadequate data processing, so the
ability to discriminate between a faulted and un-faulted
component is poor. In the bottom graph the effective
data processing has provided adequate separation of
the faulted and un-faulted condition, so discriminating
between the two is straightforward.

DETECTION

Once the measured signals have been turned into
condition indicators, the CMS must classify whether
the condition indicators are “normal” or “abnormal”.
This is achieved by comparing the current condition
indicator to a reference range, which can be either a
statistical baseline or model-based. In our example, the
physician has determined the patient’s blood pressure,
but that measurement itself is not instructive. It is not
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until that measurement is compared to the commonly used 120/80mmHg
threshold that we can determine if it is high or not.

Setting the level of the threshold used to classify the condition indicators as
either “normal” or “abnormal” is the crux of the detection step. The threshold
is typically a high limit set on a condition indicator. In our example, the blood
pressure threshold is based on studies including large populations of patients
with no known hypertension. For wind turbine condition monitoring it is
much more difficult due to complexity of the systems and the number of
different turbine makes and models in the field. Figure 3 shows the un-faulted
(green curve) and faulted (red curve) component distributions as before, but a
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fault threshold has been added. In
this case the un-faulted and faulted
distributions  have significant
overlap, so misclassifications are
inevitable.

In the figure, the threshold was
set to balance possible missed
detections and false alarms. In
practice, setting thresholds is even
more difficult because there are
few (if any) measurements of what
a faulted component looks like.
In the best case, CMS thresholds
are set based on knowing what an
un-faulted component looks like
(green distribution in the graph)
and a predefined probability
of false alarms. Because of the
inherent complexity and direct
impact threshold setting has on
performance, understanding how
a condition monitoring provider
will set thresholds is one of the
critical questions to ask when
selecting a system. Experience
shows that systems that use a poor
process for setting thresholds are
more prone to false alarms that
drive unnecessary maintenance.

DIAGNOSIS

Now that one of the condition
indicators detects a faulted
component, the CMS must
validate the fault and determine
its  location and  severity.
The validation is done by
examining the context in which
the indication was high. The
condition monitoring system can
compare the current condition
indicator to the historic value of
the same condition indicator and
under what operating condition
it occurred. If this is the first high
value and it happened under high
transient loading, it may be best to
ignore this indication until more
evidence is gathered.

Continuing our example, if a
patient had a high blood pressure
reading a physician may be
inclined to diagnose hypertension.
Yet upon further discussion it was
discovered that the patient had
a stressful week. In addition, the
patient has no family history of
hypertension and their historic
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blood pressure values were lower. Given this context
a physician would not diagnose hypertension, even
though high blood pressure was detected during this
single visit. Now imagine if the patient did have a family
history of hypertension and their historic blood pressure
values had been trending upward for several years. In
this context, the diagnosis would be hypertension and
the next step would be to determine the severity.

Just like in the physician example, determining the
severity of a turbine fault is a critical part of a CMS
diagnosis. The action needed for a component with
a small fault and months of remaining useful life left
is very different then the action needed for a severely
faulted component with only hours left.

PROGNOSIS

Once the fault has been validated and the severity is
known, the next piece of information needed is an
estimate of how much longer that component will
last before it needs to be replaced—also known as
the remaining useful life. The remaining useful life of
the component can be estimated in several ways but
requires knowledge of two things—the current severity
of the faultand an estimate of the future operating
conditions of the component. Using our example, once
the severity of the patient’s condition is understood,
the physician can determine how it will degrade. If
the current hypertension is low (fault severity) and the
patient already lives a healthy lifestyle (future operating
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Figure 3: The threshold level and how it is chosen is critical
to system performance.

conditions), the prognosis may be that the hypertension
will have little impact on the patient’s future well-being.
If the hypertension is currently low but the patient lives
a sedentary, unhealthy lifestyle, the prognosis may be
that if the hypertension is left untreated it will lead to
heart disease in five years. Both situations started at the
same severity level, but the anticipated future conditions
led to vastly different prognoses.

A prognosis for a wind turbine CMS is used slightly
differently. Instead of changing future operating
conditions to prevent component failure, an estimate
of operating conditions is used to determine when the
component will reach the end of its useful life. Figure
4 show a graphical example of the projection of future
component health. The amount of time between the
current time and the time the estimated trajectory of
the component’s future health (blue dotted line) crosses
a predefined threshold (red line) defines the remaining
useful life of the component.
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RECOMMENDATION

Once the condition monitoring system has an estimate
of fault severity and a remaining useful life of the
component, the necessary maintenance action and
when it should be performed can now be determined.
The recommendation step is really an aggregation
step; information is taken from the diagnosis and
prognosis steps and combined them into a clear
recommendation of what to do next. In our example,
if the patient is diagnosed with mild hypertension
and the prognosis is that there will be no impact on
their overall health, the recommendation would be to
maintain their current lifestyle. If the patient receives
the same diagnosis but the prognosis is that the mild
hypertension will lead to heart disease in five years,
the recommendation would be to exercise more and
change to a healthier diet.

For wind turbines the recommendation will come in
the form of a maintenance action that will be required.
If a bearing is faulted the recommendation could be
to verify the fault through visual inspection within
the next month and schedule a replacement of the
bearing within three months. This recommendation
would allow an operator to plan maintenance outages
ahead of time, reducing downtime and lost revenue.

CLOSING THOUGHTS
The framework of the condition monitoring process
presented here should provide a guideline for

Gearbox Component Health

Manths

Figure 4: An estimate of remaining useful life for acomponent
is created by projecting the current health forward using a
model of component health and the operating condition it is
most likely to see.

prospective buyers when considering a condition
monitoring system purchase. Many systems available
do not cover the entire condition monitoring process.
This may require an operator to interpret a significant
amount of data, so be sure to ask vendors what parts
of the process their systems cover and if additional
services are required to get to a recommendation. In
the end, the efficacy of a condition monitoring system
is only as good as its ability to provide operators with
information that can be used to drive better operations
and maintenance decisions.
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BREAKING THE 34.5kV “STANDARD"

Drawing on hydro experience, Acciona extols use of
12KV collection system to lower energy costs through

elimination of step-up transformers.

By Scott Baron and Jon Saxon

Scott Baron is director of global marketing and Jon Saxon is global commercial manager for Acciona North
America. For more information, visit www.acciona.com. Visit Acciona at WINDPOWER 2013 Booth 1553.

IN WIND FARM PROJECT DESIGN, the principle
objective is to attain the lowest levelized cost of energy
(LCOE). Several key variables contribute to this goal
such as selecting the optimal wind turbine generator
(WTGQG) for the site, positioning the WTGs to maximize
production given available land, minimizing electrical

losses, and designing the most cost-effective Balance
of Plant (BOP). But one variable that can lower the
levelized cost of energy is often overlooked: the
collection system voltage.

The most commonly used collection system voltage
for North American wind farms is 34.5kV. While this
voltage has become the “standard” in the industry, it
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is not necessarily the best option for wind farms that
are considering wind turbines that produce electricity
at a medium voltage. Choosing the right wind
turbine and optimizing the collection system design
in conjunction with that wind turbine voltage could
make the difference between a profitable project and
an unprofitable project.

Acciona has extensive experience designing and
building 12kV collection systems on the wind projects
that it owns and operates worldwide, which is possible
due to the unique 12kV electrical voltage of the
wind turbine generator associated with the Acciona
Windpower technology. Based on this experience and


http://www.acciona.com

history, the benefits of a 12kV collection system are
further described.

HISTORY OF THE 12KV SYSTEM

Fifteen years ago, after establishing itself as an early
leader in the development and ownership of utility
scale wind farms in Spain, Acciona began designing
and producing an in-house WTG technology to supply
both its own and third-parties’ projects. Because
Acciona’s WTG was engineered from the unique
perspective of an owner/operator with vast experience
owning and maintaining fleets of turbines from various
other manufacturers, the design integrated several key

A better collection system

12 AV System
ey
T

improvements on what was, and is, available in the
market. One key aspect of this design, and one that
remains unique in the global WTG market to this day,
is a generator voltage of 12kV.

Having experience with small hydroelectric power
plants with 12kV generation that had operated
successfully in some cases for over 50 years, Acciona
decided the same proven technology could be
applied to wind turbines. The principle motivator
was to reduce LCOE. For many projects globally, a
12kV collection system that can avoid intermediate
step-up transformers at the wind turbine is the
best solution. Since the inception of the Acciona
Windpower technology, the company’s turbines have
been installed on 12kV collection systems at over
40 projects globally, yielding technical and financial
benefits for numerous project owners. The rest of the
projects have used traditional step-up transformers
such as 20kV, 30kV, or 34.5kV in cases where those
voltages were determined to be optimal.

BENEFITS OF A 12KV SYSTEM

The main benefit of using a 12 kV collection system
(in conjunction with 12kV electrical generation from
the WTGQ) is the reduction in BOP costs. The overall
BOP cost of a 12kV collection system is usually lower
than a 34.5kV system for at least two reasons. First,
step-up transformers at the wind turbine (typically
padmounted or in the WTG nacelle) would not be
required since the electricity from the wind turbine
is being directly injected into the collection system
at 12kV. Second, 12kV collection system cable is less
expensive per linear foot.

In addition to the above and also contributing
significantly to the overall value of a 12kV system,
the absence of step-up transformers allows for the
realization of a stronger power curve (ie. more
energy production at a given wind speed) due to
avoidance of electrical losses associated with the
transformation of power from one voltage to another.
This increase in energy production can be estimated
between 1-1.5 percent, which is significant given
that it occurs over the 20-plus year life of the wind
farm. Figure 1 illustrates the comparison of a 12kV

windsystemsmag.com 49



O-New Industrial Park

Loihlle

mlarMallllf&tur

Clay Rice, Executive Director
pampaedc@shcglobal.net

P.0. Box 2398
Pampa, TX 79066-2398
806-665-0800
www.pampaedc.com

50 APRIL | 2013

4 ;(‘i,f
fﬁf"'f

- l
 —
Fr— — — —
W Berse B
ot oo
W it B A
P
e

ﬁﬁ',@"w
LTSS

Figure 1: Example of NPV benefit of 12kV vs. 34.5KV collection system at 61.5MW

wind project.

and 34.5kV collection system for
a typical 61.5MW project, where
the benefits are shown on a net
present value (NPV) basis. In the
example shown, the net NPV
benefit of about $40,000/MW
represents a savings of roughly $2.5
million, which can translate into
$2-3/MWh lower LCOE. This is
significant, especially for smaller-
medium size projects where every
dollar counts.

A 12kV  collection system
would also typically provide better
reactive power capabilities than the
traditional design, since WTG step-
up transformers consume reactive
power generated by the WTGs.
In some cases, this reduction in
reactive power performance would
necessitate  additional reactive
power compensation in the
substation, either through static
means or, if dynamic features are
necessary, with the installation
of a STATCOM, increasing the
BOP costs as well as the ongoing
maintenance cost of the wind farm.

Cost savings on this system are
also seen over the life of the project
through reduced O&M costs. This
includes savings due to avoided
maintenance and  replacement
of WTG step-up transformers—
maintenance that could also detract
from the turbine availability.
Wind farms leveraging this 12kV
collection system will also see a
dramatic reduction in the number

of terminations and connections on
the collection system. In instances
where these critical terminations
fail, there would be associated
downtime until the issue is fixed.

HOW TO KNOW IF

A 12KV SYSTEM IS RIGHT

FOR YOUR PROJECT

A 12kV  collection system (in
conjunction with 12kV electrical
generation from the WTG) can
be the best choice for a number
of different wind power project
scenarios. However, it is typically
the optimal solution for medium
sized utility-scale projects where the
furthest WTG is within three miles
(five km) from the substation. If a
project is smaller than 75MW, there
is a high likelihood that the project’s
economics can be improved by using
a 12kV collection system. According
to data produced by the American
Wind Energy Association (AWEA),
over the past five years approximately
35 percent of utility-scale wind farms
installed in the U.S. are smaller than
75MW, yet the vast majority of
these are utilizing 34.5kV collection
systems (in conjunction with wind
turbines that generate at 690V). This
may have been the optimal solution
with regard to other wind turbines,
but if these projects would have
installed a medium voltage wind
turbine such as the 12kV Acciona
Windpower technology, perhaps
millions of dollars could have been
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saved through a more optimized
design.

A wind farm is designed to
maximize energy output with the
lowest cost possible. However, there is
typically a trade-off between the WTG
layout that would maximize energy
output and the layout that would
minimize the MW installed cost. This
is typically affected by the location of
the designated interconnection point
for the wind farm, which in most
cases determines the location for the
wind farm substation. Other factors
can also affect the wind farm design
such as constraints related to the
complexity of the wind farm terrain,
environmental or archaeological
restrictions, proximity to cities or
villages, and landowners and related
permits.

All of these topics should be
considered during the earliest stages
of development for any wind farm
project since these decisions can have
a significant impact on the benefits
that can be extracted from a 12kV
collection system.

As previously described, there
is a fairly quick rule of thumb to
determine whether a 12kV collection
system would be more economical
than a higher voltage alternative. It
is based on measuring the distance
from the farthest WTG to the wind
farm substation. Simply draw a
circumference with a radius of three
miles (five5 kilometers) around the
substation, and check if more the
95 percent of WTGs are within that
boundary. If that’s the case, the 12kV
collection system option will typically
be the optimal solution. For those
cases that do not meet this criterion,
one should still perform an analysis
since cases have been known where
12kV is still the best option when
this distance is around six or seven
kilometers. This criterion is valid for
any size wind turbine (e.g. 1.5MW or
3MW).

REAL EXAMPLES

OF 12KV SYSTEMS

As previously mentioned, Acciona
Windpower turbines have leveraged

the 12kV collection system on over
40 projects globally, yielding technical
and financial benefits for numerous
project owners.

The best way to examine the
benefits of a 12kV collection system
is to explain real examples of wind
farms where the technology has been
installed and to analyze the overall
NPV benefits. Three examples are
presented below, where a complete
economic and technical assessment
wasperformed. Theeconomicbenefits
are particularly sensitive to certain
variables such as the energy price, cost
for the electrical equipment, and the
layout of the project, making the 12kV
collection system option more or less
compelling depending on each case.
Therefore, it is recommended that
each project is analyzed to determine
the potential economic benefits of a
12kV collection system.

YEONG YANG

(SOUTH KOREA) - 49.5MW

This 49.5MW wind farm is located in
South Korea and entered operation
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in 2009. There are 33, 1L.5MW
wind turbine generators operating
at 60Hz frequency. All turbines
are within the ideal range from
the substation (i.e. less than five
kilometers, or three miles).

Two different options were
considered while designing this
wind farm—12kV and 30kV. An
optimal collection system design
for each option was developed. The
key variables considered were cable
costs, trenching costs, substation
switchgear costs, and WTG step-
up transformer costs. For each case,
the capitalization cost of electrical
losses due to both cables and
transformers over a 20-year time
frame was considered. Electrical
losses were also calculated based
on the expected annual energy
production of the wind farm.

To provide a basis for comparison
between the two options, a baseline
of 100 percent can be considered for
the cost of the 12kV option, which
includes cables, trenching and
capitalization of losses. The cost of
the 30kV option can then compared
to this base level. In summary, the
cable and trenching costs are lower
for the 30kV option than the 12kV
option; however, these costs are
more than offset by the transformer
capital costs and capitalization
of electrical losses, resulting in a
cost premium of 28 percent for
the 30kV option. This economic
assessment, combined with the
technical benefits described above,
provided the justification for a 12kV
collection system at this site.

LAMEQUE (CANADA) - 45MW
This 45MW wind farm is located
on the Atlantic coast in New
Brunswick, Canada and entered
operation in March, 2011. There are
30, 1.5MW units operating at 60Hz
frequency. All turbines are within
the ideal range from the substation
(i.e. less than five kilometers, or
three miles).

Following the same criteria as
Yeong Yang, a study was completed
comparing the advantages of the
12kV collection system over the
34.5kV collection system for the

Lameque wind farm project. However, the case for a 12kV collection system is
even more compelling in this case because the alternative option introduced a
cost increment of 46 percent.

In contrast to the Yeong Yang project discussed above, the capitalized
electrical losses for the 12kV collection system for this project were actually
higher than those for the 34.5kV collection system. However, overall there
was still a clear economic advantage for the 12kV model. Therefore, the
cost of WTG step-up transformers and switchgear more than offset the
higher electrical losses seen in the 12kV model. Furthermore, this case was
corroborated for other voltage scenarios to ensure that the 12kV model was
optimal.

Small Wind Installer Education Courses at the
Virginia Center for Wind Energy

Virginia Small Wind Training Program

The Virginia Center for Wind Energy’s Small Wind Training and Testing Facility at JMU provides
the primary resource in Virginia for training developers and installers of small wind power
projects and others from other trades who support such efforts. The curriculum package
was developed in conjunction with SED, Inc. of Rochester, NY and emphasizes safety, site
assessment, installation, and troubleshooting. The Center will be offering the first two of a
series of seven modules on topics related to small wind power installation Thursday-Sunday,
July 24th-2Tth, 2013.

Permitting: This module will address how to defend quality projects in the public sphere, FAQs
and common misconceptions, model zoning bylaws, time line and budget expectations, as well
as local, state and federal issues or processes.

Construction Logistics & Planning: This module will address site and climbing safety,
transport and site access, preparations and site layout, lifting techniques and processes,
and managing subcontractors. This module will be very heavy on case studies and stories to
illustrate problem solving and experiences.

Virginia Center for Wind Energy

The Virginia Center for Wind Energy at JMU provides wind related services to local governments,
state agencies, landowners, academia, non-governmental organizations, and businesses. These
services include wind resource measurements, economic modeling, education & outreach,

energy policy analysis, assessment of technical specifications, Geographic Information Systems
analysis, and the strategic deployment of wind power within the Commonwealth and beyond.
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Questions? Ms. Remy Pangle | Virginia Center for Wind Energy | James Madison University
540-568-8768 | Cell: 540-383-9248 | wind.jmu.edu | panglerm@jmu.edu

windsystemsmag.com 53


mailto:panglerm@jmu.edu?subject=Referrd by Wind Systems Mag
http://wind.jmu.edu

ROTOR BLADE
S ER YV ICHESS

Blade Repair & Maintenance
End of Warranty Inspection
3rd Party Quality Assurance
Patented Rotor Balancing

Focus on Owner/Operators

519.524.6226
completewind.com

Booth #4224

54 APRIL | 2013

WAUBRA (AUSTRALIA) -
192MW

This 192MW wind farm is
located in Australia and entered
into operation in 2009. There
are 128, 1.5MW units operating
at 50Hz frequency. Due to the
large number of machines, the
approach was to divide the wind
farm into several sections and
route the power through five
mini-substations. All of these
mini-substations  operate at
12kV and step-up to 66kV for
overhead transmission to the
220kV interconnect substation.
Therefore, unlike the other
cases, the solution proposed
here also includes transformers
from 12-to 66kV with a rated
power of 50MW each. The
distance from the furthest
turbine to its corresponding
substation is less than five
kilometers. Furthermore, this
solution demonstrated that
the 12kV collection system
can be leveraged in unique
environments to yield additional
project value.

The cost assessment performed
for the Waubra project showed
that while the electrical losses
are higher in the 12kV collection
system, this is more than offset
by the significant reduction in
capital costs. Overall, the 12kV
collection system provides NPV
savings around 10 percent,
highlighting that the 12kV
collection system can add value
in diverse environments.

ACCIONA 12kV OPTIONS

Acciona Windpower is the
only wind turbine OEM that
has designed turbines to
generate at 12kV, but medium
voltage wind turbines may
become more common (other
OEMs have announced future
products that will use between
6-12kV voltage). The Acciona
Windpower Product  Line
includes the AW1500, 1.5MW
wind turbine generator using
an 82-, 77-, or 70-meter rotor
diameter and the AW3000,

3.0MW wind turbine generator
using a 125-, 116-, 109-, or
100-meter  rotor  diameter.
Acciona offers each of its wind
turbine generator models at
multiple tower heights with both
concrete and steel options that
vary by rotor diameter selected.

In addition to the 12kV
collection  system, Acciona
Windpower’s global fleet of

WTGs have recorded 98 percent
availability and a failure rate of
less than 1 percent on major
components across its installed

global fleet of more than
3,900MW in 13 countries.
CONCLUSION

When designing the layout

of a wind farm and modeling
its financial and technical
performance, don’t assume that
the “standard” 34.5kV collection
system is the only or most
economically sound option. In
many cases it is not, especially
when there is an opportunity to
install a medium voltage wind
turbine. Once a preliminary
layout for the substation and
the WTGs has been defined, an
analysis regarding the optimal
collection system voltage should
be performed. This analysis
takes a holistic approach, taking
into consideration all economic
aspects of the project such
as cost of the wind turbines,
electrical losses, transformer
costs, and maintenance costs
over the project’s 20-year life.
A wind farm developed with
either the AW1500 or AW3000
and with a layout where all
WTGs are within a radius of five
kilometers (about three miles)
from the substation presents the
opportunity to improve energy
production and reduce the
overall BOP cost by utilizing a
12kV collection system.

When this criterion is not
possible to achieve, there is still
potential to achieve significant
savings using the 12kV collection
system, as seen in the example of
Waubra, highlighted above.
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CROSS-TECHNOLOGY

DRIVETRAIN LUBRICATION

Choosing the proper lubricant is essential
to turbine maintenance, whether using

gearbox or direct drive technology.

By Daryl Luke

Daryl Luke is a global product manager with Castrol Industrial. He can be reached at x. For more information
on Castrol Industrial, visit www.castrol.com/industrial. Visit Castrol at WINDPOWER 2013 Booth 4548

WIND POWER CONTINUES TO GROW despite
the global economic turndown and predictions are
that wind power can meet 8 percent of the world’s
electricity consumption—compared to 2.26 percent
today.

Growth rates will slow in coming years compared
to the end of the previous decade, but these are still
well above industrial norms.

Offshore wind turbine installations also will
increase over the next few years, as turbine
manufacturers and operators minimize the land
environmental impact.

This growth is good news for suppliers to the
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wind industry such as lubricant manufacturers.
However, with this growth technological advances
in wind turbine designs and the increasing search
for locations with higher wind speeds—including
offshore options—mean that turbine manufacturers
must constantly keep pace, which in turn is placing
more stress on the lubricants used.

TYPES OF WIND TURBINES—DIRECT DRIVE
VS. GEARBOXES

Essentially in wind turbines there are two main
ways of transmitting power from the blades into
electricity—through either a gearbox system or a
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direct drive system (some systems have both, often
called “hybrid systems”). The former being oil-
lubricated and the latter normally grease-lubricated.

Opinions vary on which type of system is the

more favorable considering the inconsistency
of information in the public domain. However,
gearbox turbines provide the majority of systems
(approximately 79 percent) currently commissioned
and in service, although the proportion of direct
drive systems is expected to increase in the near
future.

Direct drive turbine useage has grown from
around 18 percent in 2006 to 21 percent in 2011; and

this is expected to climb to 29 percent by 2020, with
wind turbine manufacturers such as Siemens and
GE shifting from gearbox turbines to permanent
magnet direct drive turbines [1].

As gearbox turbines continue to dominant the
wind market focus in this article is given to those
systems.

GEARBOX DRIVEN WIND TURBINES

With the relatively high stress on wind turbines
(e.g. high wind conditions and emergency stops),
the right choice of lubricant is crucial to the smooth
running of gearboxes and the overall performance of
turbines. Indeed, investing in the right lubrication
could help to save a typical operator managing 50
wind turbines up to $250,000 year-on-year.

To identify the right lubricant, operators need
to initially understand what can go wrong with the
gearboxes. While it is true that the causes behind
many failures are the way the gear meshes and
bearings are aligned, the choice of lubrication can
have a major impact of failure rates.

MICROPITTING

Micropitting is surface fatigue that can result in micro-
cracking and the formation of minute micropits which
can sometimes give a metal surface a frosted or grey
appearance. In some instances, micropitting can cause
whole gear teeth to break off.

Although micropitting accurately describes the
appearance and mechanism of the problem, it is
sometimes also referred to as fatigue scoring, flecking,
frosting, glazing, grey staining, microspalling, peeling,
and superficial spalling.

This condition occurs under mixed-film
elastohydrodynamic  lubrication =~ (EHL)—where
oil film thickness is of the same order as surface
roughness average, and where load is borne by surface
asperities and lubricant. In addition to contact stress
due to normal loading, sliding between gear teeth
causes tractional forces that subject asperities to shear
stresses.

Micropitting is complex, unpredictable and difficult
to control, despite extensive research on the problem.
That said, there are ways to help prevent it happening
in the first place. Engineers should maximize lambda
(using a thicker film to coat the gear teeth and prevent
them from touching), optimize gear geometry,
optimize metallurgy, optimize lubricant properties,
and protect surfaces during running-in.

Testing of different lubricants can actually show
how micropitting can progress with inferior lubricants.
Figure 1 shows how lubricants can performance under
speed and load, giving rise to potential catastrophic
pitting.

BEARING FAILURE

Bearings are among the most important components,
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but are often very fine and can damage easily. In
particular, the bearings which support the shaft that
holds gear teeth in place have very fine tolerances
and can be damaged by even small particles.

The potential causes for bearing damage are
numerous. For example, working beyond the
original design specifications, speed, load, and
temperature could all change due to the varying
requirements of a site. Also, careless handling
and seals that are too tight can cause insufficient
bearing clearance while inadequate or unsuitable
lubrication can also cause failure.

Damage can be split into two categories. In
the first instance, primary damage occurs. Signs
of primary damage include: wear, indentations,
smearing, surface distress, corrosion, and electric
current damage .

Primary damage can then lead to more serious
secondary damage, including flaking and cracks—
which can ultimately cause equipment failure.
Even at the primary damage stage, bearings may
have to be scrapped because they are causing
excessive internal clearance, vibration and noise.
Most failed bearings show signs of both primary
and secondary damage. Another issue that can
shorten bearing life is the impact of wear particles
from the gear box,such as those emitted from
micropitting.

0 1

Wind Turbine Growth

[
W
=) |
o 1
Kid 007 0D 008 K Bkl @ar o’ o 3 ;R OV
L

W i bl

Figure 1: Wind Turbine Growth.
FOAMING

Foaming most likely occurs during periods of high
wind, when the turbine is operating at high speed.
These higher loads cause severe churning, pushing
air into the oil. This means the lubricant doesn’t
pump or circulate, reducing its effectiveness.
Additionally, this can cause oil level fault alarms,
which could lead to the turbine being stopped
at the most favored time for energy production,
and unnecessary climbs for maintenance crews to
investigate.
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GEARBOX LUBRICATION

Proper lubrication is one way of helping eliminate
many challenges that occur in goth gearbox and
overall turbine maintenance. Using an inferior
lubricant for turbine maintenance can save money
in the short-term, but can cause risky long-term
effects. Potential annual cost savings resulting from
the switch to an appropriate gear oil is estimated at
up to $5,000 per turbine. This takes into account
associated reductions in the typical number of oil
changes, as well as labor and parts cost savings. If
you include potential lost revenue due to turbine
downtime and the cost of fully replacing a gear
box, the savings could be considerably higher.

DIRECT DRIVE WIND TURBINES

Direct drive systems do not use a gearbox. Rather,
they offer slow movement of all the parts of the
wind turbine’s systems, resulting in reduced wear
and tear of the system and superior reliability.
Direct drive turbines have been in the wind power
market for a long time, but have risen in popularity
in recent years due to the issues explained above
for gearbox-driven turbines. Direct drive turbines
been quoted to be more reliable than gear box
systems. However, there are drawbacks to direct
drive systems, as explained below.

GLOBAL AVAILABILITY

There are some concerns regarding the global
availability of rare earth metals used to make the
magnets in direct drive systems. China, which
supplies about 95-97 percent of the global
demand, introduced export quotas in 2004, and
later a 40 percent cut in the quota in 2010, for
various reasons such as:

« Environmental considerations — Reports of toxic
pollution surrounding rare earth mines.

« Increasing domestic demand — Chinese demand
is forecasted to exceed the average global rate of
growth.

« Conservation of resources — Aiming to slow the
rate of exhaustion of Chinese reserves.

» Encouragement of higher value manufacturing
investment - Export taxes and quota restrictions
resulting in rare earth products cost up to three
times more for firms outside China than domestic
ones. This may be intended as an incentive to
foreign manufacturers to relocate to China and
invest in the Chinese higher-value manufacturing
industry.

Alternative sources are expected to become
available from the U.S. and Australia by 2014, and
are predicted to help meet the anticipated global
non-Chinese demand. However, the expected
increase in use of electric vehicles (which also


http://www.ncsg.com

Candidate Fluid

Line Profile |

Reference Fluid 1

Line Proflle

Reference Fluid 2

Line Profile

Figure 2: Comparison of 3D Optical Microscopy and Profilometry1/2
Area 3 (=230 x 310 um?

require rare earth minerals) will likely contribute to an increase in
demand.

NOISE GENERATION

The blades on direct drive turbines turn faster and generate more noise
on average when compared to gearbox-driven turbines. This can be an
issue on land, but is less of an issue for offshore turbines.

ARE YOUR PEOPLE SAFE?

WE DEVELOP CUSTOMIZED
COMPETENCY BASED, HANDS-ON
ELECTRICAL SAFETY TRAINING
PROGRAMS FOR WIND SYSTEMS
OF ALL SIZES.

avotraining.com or 877-594-3156
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INDUSTRY IMAGE

Direct drive systems, given the noise and rare earth ecological aspects, are
seen to go against the industry image of socially responsible, sustainable, and
environmentally-friendly electricity generation, when compared to gear box
technology.

COST AND WEIGHT

In the past, direct drive turbines have been slighted due to higher costs and heavier
nacelle weight when compared to gearbox-driven turbines. However, in recent
years several turbine manufacturers have been researching emerging direct drive
technologies with significant reductions in weight and (until recently) reduced costs.
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DIRECT DRIVE LUBRICATION
Lubricant  selection is more
standardized for gearbox systems
than direct drive systems, as
industrial gear oils are fairly well
specified and can be used in gear
boxes produced by varying OEMs.
Conversely, the greases used in direct
drive systems appear to be less well-
defined, leading to a plethora of
greases for similar applications and
direct drive producers.

HYDRAULIC DRIVE TRAIN
Although the two primary types
of wind turbine drive train systems
are described above, hydraulic
technologies have been introduced
in recent years. The advantages of
hydraulic drives are:

« Very compact nacelle
« High torque/weight ratio

Disadvantages are:

« Emerging technology has yet to be
proven or widely adopted for the
wind industry

+ Unknown reliability for wind
applications

+Asset Earning Power (AEP)
unproven

With wind energy continuing to
grow, further technological advances
like hydraulic drives will likely be
introduced. However, the high costs
of testing—especially in offshore
applications—mean that the speed of
introduction could be relatively slow.

CONCLUSION

Whatever system is used, the
proper lubrication can help to
enhance performance, lifetime,
and productivity, as well as reduce
downtime. All of this can help
to deliver commercial benefits
and competitive advantage. With
increasing pressure on turbine
machinery to work harder and
last longer, lubrication remains as
important as ever as a key function of
wind turbine maintenance.

[1] Global Data. Wind Turbines
Go Back to Basics, Nov 28, 2012
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By Katelyn Buress and Lauren Thirer\‘i

Katelyn Buress is in marketing communications, and Lauren Thirer is a product line leader with GE
Renewable Energy. For more information, visit www.ge-energy.com/wind. Visit GE Power and Water at
WINDPOWER 2013 Booth 2154.

and the room
is tense. Healthy discussion and debate go on
back-and -forth day after day in the fourth-floor
conference room of Vic Abate, vice president of
General Electric’s renewable energy business. Above
the entrance to the room in black writing, a quote
from GE founder Thomas Edison: “I find out what
the world needs, then I proceed to invent it.”

This Schenectady, New York conference room
is one of the places where this innovation happens.
Another is with GE’s engineering teams, based
in Greenville, South Carolina, where some of the
world’s brightest minds in power generation have
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convened to develop and innovate for the world’s
future energy demands. For the past 10 years, innovation
has been happening at GE’s wind business locations
across the globe. With 21,000 installed turbines and a
global services organization, GE’s wind team is home to
some of the most experienced in the industry.

With new product launches every few months,
this innovation hub churns out new products and
technology that keep GE’s wind customers at the top
of their game. This isn’t surprising as GE itself was
established on a foundation of innovation that has
stayed with the company throughout its 120-plus years.

GE’s renewable energy business, goes to work


http://www.ge-energy.com/wind

every day with a purpose —to deliver products and
services that move the wind industry forward and
make the world a better place. Earlier this year at
the European Wind Energy Association trade show
in Vienna, Austria, the company launched another
one of its innovative products—the 2.5-120 wind
turbine. This is the latest model in GE’s product line,
and is the result of 10 years of dedicated research
and development into a single product.

GE bought the wind business from Enron in
2002 and began immediately to improve upon the
technology to become the number one OEM in
the wind energy industry. The launch of the 2.5-

120 is a prime example of GE’s ability to provide
differentiated technology. The turbine utilizes the
latest and most advanced technology from across the
company’s wind turbine product line, incorporating
technology developed in complementary GE
businesses, and work performed at GE’s global
research and development centers. Adjacencies can
be seen across GE businesses as experts in rotating
machinery collaborate with the aviation, healthcare,
and power generation segments.

It is also the world’s first “brilliant” wind turbine.
Brilliant turbines house powerful applications that
integrate advanced algorithms, communications,
and energy storage—making intelligent decisions
and driving the industrial Internet of wind.

Over the years, GE has invested more than $2
billion in renewable energy technology. Much of that
allocation can be seen in the launch of the 2.5-120.
Branded the first “brilliant” wind turbine, the 2.5-
120 is the world’s most efficient, high-output turbine
and is the first turbine to manage the variability of
wind, providing smooth and predictable renewable
power. The turbine does this by using software
controls and advanced communications to connect
wind farm to wind farm; wind farm to grid; wind
turbine to remote operations; turbine to technician;
turbine to turbine; and turbine to battery.

Although just recently officially launched in
February, the 2.5-120 is part of the company’s
multi-generational product plan. Ideas to integrate
communications technologies evolved and built
upon one another as the turbine was under
development by GE’s global engineering and
product management team that works together on
new products.

Innovation begins, as Thomas Edison mentioned,
by knowing what the world needs. The 2.5-120 was
designed to send wind energy where it’s never been
before. Launching initially in the European market,
and later following in the U.S., the turbine provides
smart communications and more efficient, high
output for low-wind sites. Both Europe and the
U.S. have been growing markets for wind energy
and pose specific opportunities and challenges for
developers. The low wind speeds require large rotors
and tall towers, while older, narrower roadways
often create logistical obstacles. = Throughout
most of Europe, wind is economical and there are
also rivers and waterways that make traveling and
delivering equipment by barge feasible, which made
Europe an ideal initial launch region.

Additionally, the goal of making wind power
behave more like traditional power generation is
always floating about in the wind industry. GE has
deep understanding of grid integration challenges
due to its long history in the power generation
industry. In fact, in the U.S., the Edison Electric
Company was one of the initial developers of
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much of the American power grid network. GE
maintains a holistic approach to power generation
and understands how it influences the stability or
frequency of the grid. The company recognized a
need in developing a plan to make wind power
more like traditional power generation. With
these challenges at hand, the GE team went about
developing the smartest and most advanced turbine
] to tackle this landscape.
ﬂ .JI When developing this new unit and surveying the
" landscape in Europe and the U.S., GE’s objectives
v T were clear: The rotor needs to get larger and the
| tower needs to be taller. Making those objectives

\ . & become reality was another question. The company

o has an evolutionary approach to wind turbine

\ : development—an approach that has been successful

for a decade through numerous product launches.
The company looks at its current fleet and assesses
components that work best in one model. They then
attempt to incorporate those elements into what is
working best in another platform.

For example, the team used this approach when
they looked across the product line and realized
that the doubly fed induction generator (DFIG)
used in the 1.X platform was a premier generator
in the industry. The team came to the consensus
that the generator should be used not just in the 1.X
platform, but also in the 2.X turbine line.
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In order to enhance the
turbine and grow the rotor
dimension, the DFIG electrical
system was incorporated into
the turbine. The new system
enabled the use of longer, low-
load blades that capture a large
amount of energy without
overtaxing the machine.
The new rotor, combined
with a modified gearbox and
advanced controls is the chief
technological advancement in
the 2.5-120 turbine.

Incorporating DFIG
technology into wind turbines
not only provides higher
efficiency and power (due to its
larger rotor). The technology
allows for a more serviceable
turbine for industry technicians
who cut their teeth on DFIGs.
GE’s wind business uses Mark
VI* controllers that are the
same technology that are
used in GE Power & Water’s
thermal power  generation
equipment. Wind technicians
who previously worked on
nuclear machines are able to
transition easily into a role
in the wind energy industry
because the turbines are using
the technology with which they
are already familiar. Mark VI*
is a well-proven software and
hardware technology used to
control industrial machinery.

Since this technology is a
staple across GE’s business
segments, the company has
years of expertise developing
complementary  technologies
for the Mark VI* controller. An
enabling technology for many
of GE’s aftermarket service
upgrades, controls software, and
anomaly detection capabilities
come from the company’s
years extensive knowledge and
experience related to the Mark
VI* technology.

Using technologies from
existing turbine platforms is not
a new idea exclusive to the 2.5-
120 development for GE. This
synergistic approach among the
1.X and 2.X platforms was used

earlier in the development of GE’s 1.6-100 wind turbine. The 1.6-100
was developed after the company had success with the hub and blades
from the 2.5-100. GE has the goal of ensuring that the two platform teams
don’t view themselves as two separate entities. Rather, the teams are
encouraged to collaborate in an environment where the free flow of ideas
and lessons learned benefits both teams and a “best practices”approach
is adopted.

The evolution furthered when the company utilized research and
technology originally developed for the 1.6-100 platform into the
creation of the 2.5-120. GE’s 1.6-100 turbines were the first products to
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include some of the most advanced loads mitigation

that GE provides. Drawing on its vast resources as
a large, international organization, GE has unique
technology development capabilities. Among
these are the expertise of personnel in the thermal

technologies.
incorporated into the 2.5-120. The “brilliance” in
the 2.5-120 is made up of a number of technologies

subsequently
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power generation businesses, as well as the
central R&D hubs located within the company’s
numerous research centers. In total, more than
2,000 engineers and scientists—the majority of
which hold Ph.D’s—work at the company’s global
research and development centers.

Model-based controls first appeared in the 1.6-100
turbine and were the result of projects conducted
at GE’s research centers. These systems are now an
integral feature of the new 2.5-120. GE Global Research
is also working on the extreme event mitigation
technologies—which work to reduce potentially
harmful excessive loads—for inclusion in the 2.5-
120. Traditionally, wind turbines react to extreme
loads as they occur. The generator is programmed
to run at a certain speed. When that speed is
exceeded, the turbine shuts down. This results in
harsh, immediate stoppage, which in turn places a
heavy load on the equipment. The new extreme
event mitigation technology incorporates unique
algorithms that detect data signatures in the
turbine’s operations that could lead to a potential
extreme event. Rather than reacting to an event,
the turbine predicts it and pitches the blade prior
to an “emergency braking” situation. This saves
the customer by avoiding lost power, and extends
the turbine lifespan by avoiding an extreme loads
situation.

One final way that GE infuses technology into its
turbines and drives innovation forward is through
the use of data collection and analysis. As turbine
technology has advanced, the number of sensors
and volume of information those sensors provide
has grown. Similarly, the analysis functions
performed on that data has expanded. GE has, on
average, about 50 sensors on each turbine. Data
is collected from about 150 different sources on
the turbine. These sensors measure temperature,
wind speeds, speed, bending, current, voltage
and location and pitch of the blades. Today, data
collection capabilities are three- to fivefold what
they were a few years ago. GE’s turbines collect
and analyze 150,000 data points every second to
integrate 400MW of wind power into the grid. This
information is immediately integrated into turbine
operation for smarter servicing and maintenance,
and is also used it in the development of future
products.The 2.5-120 prototype system is currently
underway and is tailor-made for low wind speed
sites.

The design of GE’s latest wind turbine
incorporates the expertise and knowledge
developed over years of data collection, power
generation expertise, and knowledge of what
works and what doesn’t in the wind industry. It
was designed with the goal of providing a highly
efficient, higher-output turbine to the wind energy
industry.

Because complex
technologies require -
strong partners.

www.zf.com/windenergy

ZF Services, a trusted and reliable technology partner,
has expanded its services for wind turbine gearboxes
by becoming an authorized repair center for all legacy
models of Hansen windpower transmission
applications worldwide. Our regional service center
offers multi-brand driveline services to provide a
one-stop-shop solution.

We're here to help - with local service, and global
Coverage.

800.451.2595

Visit us AWEA Windpower Show Booth #5055

Driveline and Chassis Technology
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Through analysis of sub-synchronous control
interactions, Ingeteam aims to maintain grid
connection and boost grid stability and reliability.

By Sergio Aurtenetxea, Ph.D.

e

e iy

Sergio Aurtenetxea, Ph.D. is a R&D engineer in power conversion-wind with Ingeteam Power Technology S.A.
He can be reached at sergio.aurtenetxea@ingeteam.com. For more information about, visit www.ingeteam.com

Visit Ingeteam at WINDPOWER 2013 Booth 2933.

DURING THE LAST YEARS, WIND POWER integration
has been increased around the world. In many cases,
wind farms are situated in remote locations without grid
adapted infrastructures. Other times they are operating
within other complex grid configurations along with
dynamic systems (FACTS) for power flow optimization
or even, they are simply supporting renewable market
strategies in islands. These and other new scenarios make
distribution and transmission systems more susceptible to
disturbances such as voltage dips, harmonics, frequency
variations, and other interactions in general.

The analysis of these power grids becomes a critical task
to ensure the stability and reliability of the future power
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system. Therefore, looking forward on the possible future
challenges in the wind systems’ integration, Ingeteam is
working on the role of the power converters in these grids.
The work presented in this article is one of the several
analyses carried out in this framework.

Here, a specific phenomenon is discussed; the sub-
synchronous control interactions (SSCI). This is a relatively
new event that could be considered within the sub-
synchronous resonant (SSR) events. These phenomena
are characteristic in long-distance transmission grids with
series compensated capacitors banks. In a general way,
sub-synchronous frequency is related to those frequencies
under the nominal frequency (e.g. 60 Hz in North America)
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and resonance is usually associated to the tendency of a
system to amplify oscillations at some frequencies.

The first time the SSR was recognized in an electric
grid was in 1970 in southern Nevada. In that case, a
synchronous generator unit became radially connected
to a series compensated transmission line. One of the
natural oscillation frequencies in the mechanical shaft
matched the natural oscillation frequency of the series
compensated transmission line, and both systems
started exchanging energy. This condition led to an
uncontrolled growing of the shaft torque oscillations
causing damages in the generation plant. After this first
sub-synchronous mechanical torque amplification event,

other sub-synchronous resonance phenomena have been
analyzed and documented. This way, in the literature can
be found sub-synchronous torque iterations (SSR TI),
sub-synchronous torque amplifications (SSR TA), and
an electrical phenomenon called the induction generator
effect (IGE). This last effect is caused by self excitation of
the electrical system, in the particular case of induction
generators connected power systems with very low
natural frequencies. Anyway, most of these events show
a common factor where the mechanical part is mainly
involved.

ANEW EVENT

The growth of wind power has allowed installing
many wind generation systems over the world. As
new generation systems, these technologies have been
integrating on the existing electric transmission systems,
where new challenges have surfaced. After almost 40 years
of the first documented SSR event, a new incident took
place not so far away from Nevada.

On October 22, 2009, two wind generation systems
and a series compensated line in the electric transmission
system of Texas experienced a sub-synchronous incident.
At 6:04 am.,a downed static wire caused a fault on a line
and its disconnection. During this disconnection, the wind
generation systems were radially connected to a series
compensated transmission line.

At this point, sub-synchronous oscillations started
becoming greater, affecting both grid voltages and
currents. Only 200ms after the disconnection of the
faulted line, the wind turbine equipment exceeded its
electrical ratings. In fact, the voltage of the transmission
system had reached 1.5 per unit value causing damages
on wind turbine systems. After this, the voltage continued
increasing to around 2 per unit value causing more system
damages. Finally, 1.5s after the start of the event, the sub-
synchronous oscillation was damped. Summarizing, this
event left many of the wind turbines severely damaged.
Mainly all of these wind turbines were based on Doubly
Fed Induction Generator (DFIG) topologies.

The fast increase on voltage and current during the
event discarded the interaction between a mechanical
shaft and the series compensated line. The behavior itself
suggested that it was caused by an IGE phenomenon.

Nevertheless, it was believed until that day that DFIG
wind turbines could not present such effect. Further
analysis of the event showed a negative dumping caused
by the DFIG wind turbines’ control system. This way a new
sub-synchronous effect was found, which was named as
Sub-Synchronous Control Iteration (SSCI).

SSCl: CASE OF STUDY

Simulation modeling is necessary in order to analyze
the SSCI phenomenon in a correct way. In fact, both
grid transmission systems and wind turbines involve
complex configurations, and their behavior is not trivial.
Furthermore, there is not much experience about the
operation capacity of grid-connected DFIG wind turbines

windsystemsmag.com 7
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Figure 2: System behavior under a SSCI event with standard control techniques.
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Figure 3: Control model of a DFIG wind Turbine with the SSCI management
algorithm.
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Figure 4: System behavior under a SSCI event with the advanced management
control algorithm.
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against sub-synchronous oscillations.

Regarding grid configuration,
a simplified radial test system was
proposed by ERCOT, who operates
the electric grid and manages the
deregulated market for 75 percent of
Texas. Figure 1 shows an approach of
the grid model. This model has been
adapted and scaled by Ingeteam in
order to make it compatible with its
simulation tools and wind turbine
models. It has allowed testing different
operation algorithms from the most
standard strategies to the advanced
control techniques.

The preliminary analysis performed
on this scenario provided some
interesting results. On one hand, the
series capacitor on the compensated
line was the main responsible on
the magnitude of the event. Also,
the event could occur at almost any
operation point of the wind turbine
if standard regulation techniques had
been implemented.

As regards to the wind turbine and
the behavior of its electromagnetic
variables during the event, the same
sequence was observed in all the cases.
When the wind farm became radially
connected to a series compensated
line, the sub-synchronous oscillations
were amplified because of using a
standard control in the wind turbines,
becoming the whole electrical system
instable. In a detailed way, the sub-
synchronous  oscillations  caused
by grid breakers operation started
interacting with the control strategy
of the wind turbines. As a result,
the voltage and current oscillations
became greater. When the voltage
and current oscillations reached a
predefined limit, crowbar systems
were activated in order to protect the
wind turbines. This action made the
system even more unstable. Finally,
because the grid voltage reached the
maximum tolerable limit by the wind
turbine, they went to the emergency
state where they disconnected from
the grid. Figure 2 shows an example
the behavior of the voltages and
currents under the SSCI event on a
DFIG wind turbine. Furthermore, it
is possible see the active and reactive
power profiles exchanged with the

grid.



PROVIDING INTELLIGENCE TO POWER
ELECTRONICS

As it has been concluded, the control strategy
implemented in the wind turbine has a main role in this
event. Different proposals could be considered for SSCI
mitigation, from external auxiliary damping devices
located in the substation such as STATCOM s or tuned
filters to specific control strategies on wind turbines.

Ingeteam is focused on improving the operation of
wind turbines in order to intelligently protect against
any grid disturbances. This way, the main aim is to
provide robustness to the control system on the wind
turbine with the capability of being able, not only to stay
connected to the grid during this type of events, but also
supporting to the grid stability and its reliability.

The improvement against SSCI events could be done
in different ways. The first and simplest approach that
could be proposed does not involve control architecture
changes, only a variation on the control parameters.
This solution proposes a change on the gain of the
current regulators by increasing the gain of the current
controllers on the rotor side converter and decreasing at
the same time the gain of the current controllers at the
stator side converter. This solution is a good idea as a first
approach. However, modifying the gain of the current
control loops also modifies the dynamic behavior of
the wind turbine. Although with these changes the
system can be less susceptible to grid disturbances,
the response against some transient events becomes
slower and less efficient, especially when the LVRT grid
code fulfillment is required. Furthermore, it also could
decrease the reliability of the wind system operation in
steady state.

Another solution that could be proposed is based
on modifying the control architecture of the wind
turbines. This second solution proposes the operation
of the grid side converter as an active filter. For this
purpose, an additional control loop is integrated in
the control system. This new loop adds a current
demand to the current control loop reference
signals in order to compensate the sub-synchronous
frequency component. To determine the amount of
the compensation added to the current controllers,
a control loop based on proportional-integral (PI)
controller and a feedback signal of the sub-synchronous
current on the stator of the generator is used. The main
drawback of this solution is that the grid side converter
usually manages the third part of the wind turbine
rated power in DFIG type turbines. Therefore, the
damping capability of this solution is limited. During
the SSCI event, at the wind turbine terminals, the grid
side converter will try damping those oscillations while
other subsystem with higher rated power composed by,
the rotor side converter, the generator and the crowbar
system, could be involved on the increase of the sub-
synchronous oscillations. Consequently, this solution
where two subsystems are working against each other
may not be the most efficient solution.

Figure 5: INGECONTM power converter product.

Ingeteam has evaluated these and other operation
strategies in a deep way. As a result, it has developed
a new technology for power converters in order to
provide them the necessary intelligence to mitigate
these events. In fact, these new strategies are able to
increase the reliability of wind turbines against SSCI
and other grid disturbances in an efficient way.

Figure 3 shows a simplified control diagram
oriented to SSCI mitigation. In order to facilitate
its understanding a standard control technique is
presented, which it has been modified with an advanced
SSCI management algorithm.

The SSCI management algorithm is added to the
current controllers at the rotor side converter because
the grid side converter by itself has not the tendency to
amplify the sub-synchronous oscillations. Thus, it has
the capability to turn the subsystem composed by, the
rotor side converter, the generator and the crowbar
system on a stable subsystem which helps damping
the grid voltages during a SSCI event. Furthermore,
this control improvement has the capability to operate
continuously adapting it to any grid conditions and
damping any sub-synchronous frequency. Figure 4
shows the resulting behavior when a SSCI event occurs
and the SSCI management algorithm is operating. As
can be seen both the voltages and currents are damped,
minimizing the effect of grid disturbance. In fact, the
active and reactive power profiles exchanged with the
grid at the sub-synchronous frequency are reduced
quickly, improving the stability of the grid.

TRENDS

The SSCI management algorithm has been verified
by Ingeteam and it is available for the field under
the INGECONTM product series, see Figure 5. The
intelligent power converters could have a key role in
future grid configurations. In fact, the development
of new technologies, oriented to provide intelligence
to power converters such as the ability of identify,
characterize and operate properly under any undesirable
grid condition, could ensure the optimum operation of
the future power system in a reliable and efficient way. -/
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PRODUCT SHOWCASE

Children’s Book: Talking Turbine Wins Young Hearts and Minds

How do we explain the function and technical aspects of a wind turbine to an inquisitive young child? If you've
ever wondered, help is at hand in the shape of Spinner the Winner, a new picture book for children.
British author Mike Ormsby is based in Azerbaijan. Ormsby said he got the idea for the talking turbine while
working on assignment as a journalist.

“I was with BBC Wales in the early ‘90s and reported on a row about a wind farm. I'd never seen a turbine up
close; their elegance and personality impressed me. The nacelle is like a face. I noticed some confused kids, too...

Spoiler alert! Here's the plot...

Spinner is a young turbine, separated from his family on installation day. He develops a squeak and is vandalized
by villagers. He’s alone, unloved and unhappy. But when a windy storm causes a blackout, Spinner triumphs
over prejudice and adversity to
save the day, winning hearts
and minds.

“It's about how turbines
generate power AND
controversy, Ormsby said.
“I stashed the story for 20
years, until my wife spotted its
potential for self-publishing.
She found an illustrator from
Transylvania, Sorin Sorasan.
We spent 10 months preparing
to publish in two editions—
full color, plus black and white
for younger kids to color-in.
Corporate sales took off, from
day one”

Four big players in European
wind energy—CEZ, GDF
Suez, ENEL and RWEA—
have sponsored a branded
Romanian translation. The
book will soon be translated
into French and Serbian. The
English version is doing well
on Amazon, downloaded free
almost 3,000 times recently and
recommended by the online
i’ y educational resource, Kid Wind

4 Project. Ormsby said he hasn't

‘ profited from the book yet,

but remains optimistic. “The

main thing is, kids love it. That’s

crucial,’ the author said. “One lad asked if Spinner would ever be a cartoon on DVD. Theyre always one step
ahead!”

For more information about “Spinner the Winner;’ visit www.spinnerthewinner.wordpress.com. Also, log on
now to the Wind Systems Facebook page (www.facebook.com/windsystemsmag) for a chance to win one of two
free copies of the book.

oy Mike Ormsﬁy

Wit rarions ey
Sorin Sorasan

-
|

Nicoare Books

Companies wishing to submit materials for inclusion in this section should contact Stephen Sisk at
editor@windsystemsmag.com. Releases accompanied by color images will be given first consideration.
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ITLs IFH-1710 Offers Latest Technology in a Space-Saving Package

International Tower Lighting, LLC’s integrated wind turbine obstruction lighting system, model IFH-1710, utilizes the
latest in LED technology and advanced polymer optics to achieve a compact, low-power solution for marking wind
turbines. The integrated design of the IFH-1710 requires virtually no space inside the nacelle.

Certified to meet FAA requirements for wind turbine farms, the IFH-1710 features wireless GPS flash synchronization
without the need for external components. The universal input power supply is capable of operating from line voltages
world-wide and utilizes metal oxide varistor (MOV) and gas discharge tube (GDT) surge suppression for harsh

electrical environments.

For ease of installation the IFH-
1710 is delivered pre-wired with a
single shielded cable, rated TC-ER
(tray cable, exposed run) to meet
NEC requirements for exposed runs.

The IFH-1710 is designed for long-
term maintainability. The hinged
cover allows access for testing and
maintenance yet is securely fastened
using stainless steel draw latches.

Unique for wind turbine
obstruction lighting systems, the
IFH-1710’s modular design allows
for field replacement of circuit
boards, photocell and GPS. A push-
button-operated self-test requires no
communication devices or computers
to operate. A novel fail-safe feature
turns the light on solid in the event of
a flasher failure.

Capable of matching the flash rate
of competitors, the IFH-1710 can be
integrated into your existing portfolio
of lighting systems.

For more information, visit www.
itl-llc.com, or call 866-624-8309.
Visit International Tower Lighting at
WINDPOWER 2013 at Booth 2401.

[ eastec

EASTERN STATES EXPOSITION
WEST SPRINGFIELD, MA
easteconline.com

human ingenuity.
manufacturing brilliance.

To envision a new product, it takes human ingenuity.
To bring it to life, only manufacturing brilliance will do.

Which is why so many East Coast manufacturers — local job shops, mid-
level enterprises and multinational OEM’s — attend EASTEC. It's where new
ideas, technology and processes are highlighted through interactive exhibits,
technical education and networking.

For Exhibiting Ol O Sociatya
and Attending p P oo &Am
Details [w] . EASTEC is produced by SME
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Red Dog Mobile Shelters Brings Certified Safe Rooms Wind Industry

Tornadoes and wind turbines all too frequently compete for the same geography throughout the areas of the U.S. known
as “Tornado Alley” Whether it’s a wind turbine or a drilling rig that gets in the way of the average tornado, the outcome
is certain. With green energy efforts growing so will be the frequency of wind-farms being struck by tornadoes.

As bad as the loss of multiple turbines is to a producer, the personal, legal and economic loss from injury to crews
erecting and servicing these structures is potentially far greater. But installation of permanently anchored industrial
quality tornado protective “safe rooms” near each tower is not feasible. Addressing this safety problem, Red Dog Mobile
Shelters LLC designed and patented the only mobile safe room certified to meet every known tornado shelter standard
issued by FEMA, the International Code Council (ICC-500), the National Storm Shelter Association (NSSA) and the
American Society of Civil Engineers (ASCE).

Unlike conventional designs that require massive foundations to anchor shelters against wind forces, Red Dog’s new
technology uses aerodynamics to eliminate the need for anchoring by turning the destructive winds of a tornado into
a stabilizing force even in EF-5 storms exceeding 300 mph. The faster the wind the more stable the shelter. Unique
structural configurations and materials of construction enable the units to support over 1,000,000 pounds of dead load
while fending off full force impacts by rotor blades falling from 150-foot heights.

The massive 250-pound doors are ADA compliant with internally activated, self-releasing hinges to prevent residual
storm debris from trapping occupants inside and have passed impact tests conducted by Texas Tech Wind Science and
Engineering Research Center. Electronic site alarm packages convert NOAA weather warnings into both visual strobes
and 140-decibel audible warnings alerting distracted workers, contractors and visitors of approaching tornadoes.

Relocation of the 32-person-rated shelters only takes minutes and requires no DOT permits. Rapid deployment
makes possible having a safe refuge immediately available for workers regardless of the short duration nature of servicing
multiple work sites. Optional features allow the multi-functional safe rooms to replace other on-site structures such as
office space, cooling rooms, heat stress recovery spaces, safety meeting rooms and break rooms thereby decreasing a
site’s footprint needed for crew support accommodations.

For rental information, visit www.lighttowerrentals.com or call 432-530-3330.

G P . www.greenpowerconferences.com
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Hughey & Phillips Now Offering Dual Medium-
Intensity LED Strobe System == e

Hughey & Phillips announces the new HORIZON™ line of medium-intensity
strobe LED based obstruction lighting solutions for daytime and nighttime
lighting on tall structures such as communication, television and radio towers,
wind turbines, smokestacks and other obstructions to aerial navigation.

Intertek (ETL) certified and Federal Aviation Administration (FAA) approved,
the L-864/865 provides both daytime white and nighttime red lights within a
single unit, and is part of the newest addition to H&P’s obstruction lighting
portfolio, the HORIZON™ line. The series is available in L864 (Red), L865
(White) and L864/L865 (Red/White). Daytime white strobe eliminates the need
to paint the structure with aviation orange and white stripes, and nighttime red flashing beacon lights are community
friendly. The HORIZON™ L-864/865 is best suited for structures between 150" (45 m) and 500" (150 m) above ground
level and operates at a range of 95-277VAC, 50/60Hz.

The new microprocessor controlled LED strobe system boasts a self-contained power supply that simplifies wiring but
also accepts external signals if necessary. Its compact design, built-in testing, GPS sync, automatic day/night sensor and
wiring compatibility make the product easy to use and install. Like other products in the HORIZON™ line, the units are
compatible with existing cable systems in most cases, allowing users to retrofit to LED without purchasing entire new
systems.

H&P HORIZON™ system uses 90 percent less power than incandescent medium intensity models, and is designed,
built, and sourced in the U.S., using domestic suppliers. There are more than 20 patents pending on components and
features of the HORIZON series. The system comes with a five-year warranty and has an expected life of more than 15
years. It is the only unit in the market to be completely serviceable, ensuring a longer life than any competitor models.

For more information, visit www.hugheyandphillips.com, or call 937-652-3500. Visit Hughey & Phillips at
WINDPOWER 2013 at Booth 4107. L

COME AND NETWORK AT CANADA'S LARGEST *

WIND ENERGY CONFERENCE canwead

TORONTO 203

TORONTO, ONTARIO | OCTOBER 7-10, 2013

This premier event will bring together over 2,500 experts from around the world to
discuss opportunities in Canada’s growing wind energy industry. It will provide an
exclusive opportunity to network and generate new business leads.

Visit us at Booth 3412 at the 2013 AWEA Windpower Show

www.canwea2013.ca >0 CdnNwead

CANADIAN WIND ASSOCIATION CANADIENNE
ENERGY ASSOCIATION | DE L'ENERGIE EOLIENNE
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John Doss
general manager, renewable resources, Bridgewell Resources

TELL ME A LITTLE ABOUT YOUR PO-
SITION AND ROLE AT BRIDGEWELL
RESOURCES.

I've been with Bridgewell Resources since
its inception, mostly in a sales role. I was an
international sales manager for the utility
and construction division. Several months
ago, the company formed its renewable
resources division. They asked me to be the
manager of that. So I moved out of utility
and construction division and into the
renewable resources.

WHAT IS BRIDGEWELL RESOURCES,
AND WHAT PRODUCTS AND SERVIC-
ES TO THEY OFFER?

Bridgewell is actually comprised of eight
operating divisions. We basically span the
gap between our suppliers and customers
as a global wholesale distributor, sales
organization and supply chain manager.
Among our product offerings are: Wood
products; food and agricultural products;
heavy industrial products; building
materials; specialty building products; and
renewable resources.

YOU MENTION THAT THE RENEW-
ABLE RESOURCES DIVISION IS
RATHER NEW. HOW DID IT COME
ABOUT?

Until recently, Bridgewell was promoting
the wind and solar business as part of its
utility pole business through our utility and
construction division. We first started on
a couple of wind projects and then picked

up a few solar projects. The president and the chairman of the board of the
company took note of the size and scope of the projects we were planning to
undertake, and the need to devote more resources to these projects down
the line. A separate division allowed us to promote the individuality of the
products that we were trying to sell, as opposed to being focused on utility
companies. The renewables products are aimed at a lot of different applica-
tions—commercial, utility, even residential applications.

WHERE DOES WIND ENERGY STAND IN COMPARISON WITH
BRIDGEWELLS OTHER PRODUCTS?

From an overall sales perspective, our renewable energy division will contrib-
ute between 4—5 percent of total gross sales for Bridgewell next year. That’s
been a pretty steady number historically—going back to before the creation
of the renewables division.

WHAT ARE SOME OF THE PRODUCTS AND SERVICES WITHIN THE
WIND/RENEWABLE SEGMENT THAT YOU OFFER TO YOUR CUS-
TOMERS?

Currently, we're involved mainly in small and community wind. We're not in
utility scale. Our other renewable products are solar and biomass. What we
offer to project developers, EPCs, and in some cases construction firms is
a wholesale equipment package. This could include towers, turbines, minor
materials, and in some cases wires and transformers. The equipment pack-
age is crafted and tailored for their individual project needs. We also offer
logistics, procurement support, and warehousing as necessary. Our goal is
to make sure that the product mix that they need for their specific project
arrives in an efficient manner and that we support them through the develop-
ment stage of the project.

WHEN YOU SAY “NOT IN UTILITY SCALE,” DOES THAT MEAN YOU
WORK WITH COMMUNITY WIND OR SMALL WIND OR BOTH?

An example project would be a large agricultural farmer in a remote location
who is looking for an efficient way to offset some of their electricity bills asso-
ciated running their irrigation systems. It's the same think with same way the
wastewater treatment facility or a school or a local municipal district. That’s
really our target customer. Our role is to provide the product and support
the development of the project through the commissioning and construction
phase. Typically, our customers are behind-the-meter, distributed generation
projects.

WHAT IS THE BIGGEST ADVANTAGE THAT BRIDGEWELL CAN OF-
FERTO A PROJECT DEVELOPER?

We're more than just a typical distributor, in that we partner with the project
developer and we bring a lot of technical expertise, and we're really flexible.
When we get into a project with a project developer, we're their partner. Our
interests are aligned with project developers and we think we can be a very
valuable resource to them. Wind is a growing segment. As costs continue to
come down and efficiencies in the supply chain continue to improve, wind
will become more competitive with other renewable technologies, specifi-
cally solar. We want to be a driving force in that.

For the complete Q&A with John Doss,

visit windsystemsmag.com.

For more information about Bridgewell Resources, visit www.bridgewellresources.com or call 800-570-3566.
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Unfortunately,
Mother Nature
has a Mean Streak.

Fortunately, you have Sika.

Face it, Mother Nature doesn’t always play nice with wind
turbines. High winds, hail, lightning, snow, ice, and even
birds can damage blades, reducing their capacity to perform.
When that happens, you need fast, reliable repair products
and services that can get your turbines back on line. That’s
why the world’s leading wind turbine producers consistently
turn to Sika. Our expertise and experience in the wind energy
industry are second to none with a full range of repair
products that consistently meet the industry’s toughest 5
specifications. You can’t stop Mother Nature when

she gets mean, but fortunately you have Sika to get
turbines turning again. For more information, visit

www.sikausa.com or call 248.577.0020. ‘
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