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YOU’LL CALL IT the most technologically advanced 
process for customer-focused solutions in extruded aluminum.
Sapa innovation turns visions into leading end-use products with advanced 
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• Operations in 30 countries /16 plants in North America

• Unmatched capacity and product capabilities

• World class technical and design assistance

• Service and integrated logistics focused on you

Profiles Engineered for Your Success
From renewable energy to building and construction, automotive to distribution, 
Sapa ALUMINOLOGYSM means finding answers to today’s toughest 
design challenges.

One Company, One Call, Unlimited Solutions
877-710-Sapa   |   www.sapagroup.com/na
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developments in technologies, manufacturing processes, equipment 
design, wind-farm projects, and legislation of interest to all wind-
industry professionals. 
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equal.
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EdlETTER
Everything about the wind energy industry is big and bold. The turbines de-
signed to harness this natural force are huge and only growing larger, and from 
them power surges into the grid to locations that are sometimes vast distances 
from the point of origin. Manufacturing parts such as tower sections is an 
impressive procedure to behold, as is the sight of components being shipped 
across the country to the wind farm, which is equally immense. One part 
of this process that’s especially breathtaking to witness is the hoisting of the 
blades and nacelle by rigging veterans such as Crane Service, Inc., which takes 
over the reins of our construction column this month. I look forward to learn-
ing about this fascinating profession from Chris Martin and his colleagues, and 
from the looks of the first installment there will be a lot of ground to cover.   

The month’s editorial lineup covers a lot of ground as well, beginning with 
“Building a Structure for Safety” by Bryan Stewart of Suzlon Wind Energy 
and John Valerius, who is with Duke Energy Renewables. Jorge Jimeno of In-
neo Torres has written “Concrete Towers for Multi-Megawatt Turbines,” and 
Jason Lee of Maxwell Technologies has contributed “Ultracapacitor Energy 
Storage.” Dr. Ulrich Ringleb of Schunk Graphite discusses the attributes of 
carbon brushes in wind applications in “Carbon Ceramics For Current Trans-
fer.” Andreas Urban of SKF Renewable Energy describes the company’s new 
high-capacity cylindrical roller bearings, which are specifically designed for 
wind turbine gearbox applications, and Merritt Brown of Rev 1 Renewables 
has penned the first in a two-part series on the safety aspects of maintenance 
procedures—a timely subject as turbines and related components increase in 
size. And in a particularly delightful installment, Mike Graska of the Profes-
sional Logistics Group shares commonsense tips he has amassed during his 
career as a logistics professional. Sapa Extrusions is this month’s company 
profile, and I’d like to thank Jason Weber of its renewable energy division for 
discussing his work with me.

In closing I’d like to share an anecdote that Lianne Lami told me during our 
conversation for this issue’s Q&A. As a writer and editor, I am always curious 
about how words are used and the values people assign to them. This is espe-
cially true of the name an entrepreneur chooses to embody the results of so 
much hard work. When I asked why she chose Bocci Engineering as the name 
of her company, she said it’s to honor her grandmother—a spirited woman 
she’s admired all her life. Of Italian lineage, Lianne says one of her best memo-
ries involves huge Sunday dinners at her grandmother’s house, after which the 
family would retire to the back yard to play bocce, the traditional lawn bowling 
game (“bocci” is an Anglicized version of the word). After reading about her 
innovative work, you’re sure to agree that she’s definitely ahead of the competi-
tion. Don’t hesitate to contact me if you have a story of your own you’d like to 
tell. All best!    

Russ willcutt, editor
wind Systems magazine

russ@windsystemsmag.com
(800) 366-2185

No part of this publication may be reproduced or transmitted in any form 
or by any means, electronic or mechanical, including photocopy, record-
ing, or any information storage-and-retrieval system without permission 
in writing from the publisher. The views expressed by those not on the 
staff of Wind Systems magazine, or who are not specifically employed 
by Media Solutions, Inc., are purely their own.  All "News" material has 
either been submitted by the subject company or pulled directly from 
their corporate web site, which is assumed to be cleared for release.  
Comments and submissions are welcome, and can be submitted to  
russ@windsystemsmag.com.
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Atlanta! Atlanta boasts 12 FORTUNE 500 headquarters and ranks fifth in the country’s 
concentration of supply chain employment. Atlanta’s global access, innovation, and talent 
create an unparalleled logistics network that could prove to be an important link in the 
wind industry supply chain helping to supply demand, streamline efficiency, predictability, 
and consistency for wind project development in the United States.
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WINDPOWER is the focal point for wind professionals to network 

with and learn from industry leaders and experts, and discover 

the latest in industry products and services. All of your industry 

peers – and competitors – will be at WINDPOWER 2012; 

it’s where serious wind professionals convene to grow their 

companies, find solutions to their business challenges,  

and reconnect with colleagues and friends. 

www.windpowerexpo.org
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Largest Annual Wind Energy 
Conference & Exhibition
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CRAnE SERViCE inSTAllS 68-Ton  
ShUnT REACToR
Crane Service, Inc., was in charge of offloading a 
136,000-lb shunt reactor at the Tucson Electric Power 
wind park located near Deming, New Mexico. In 
this project they used a Tadano-Faun ATF220G-5 
(250 ton) class crane to hoist a shunt reactor off a 
transport trailer. After offloading the shunt reactor 
they immediately placed it on a five-axle transport 
dolly. The transport dolly was pulled by mover Mighty 
Mel, which hauled the shunt reactor 350 feet down a 
dirt road. At this point it had to maneuver the reactor 
into the transmission site where it would ultimately set. 
Once Mighty Mel was past the gate the Tadano-Faun 
ATF220G-5 hoisted the shunt reactor into place. Due 
to the soil conditions, the Tadano-Faun ATF220G-5 
was required to hoist the shunt reactor three times to 
make it to the pad.

“This project truly showed off our abilities as a heavy 
hoisting and hauling company,” says Chris Martin, 
marketing coordinator at Crane Service. “Not only 
were we able to offload the shunt reactor, we are able to 
move it into place with our prime mover and transport 
dolly.” 

Crane Service, Inc., specializes in rigging, heavy 
hoisting, and heavy hauling. It has been serving the 
greater southwest for more than 50 years. With four 

locations—Albuquerque, Bloomfield, Chaparral, and 
Sweetwater, Texas—it is able to serve the greater 
southwest’s heavy hoisting needs. The company’s fleet 
is able to serve a wide spectrum of clientele, from 8.5 to 
550 tons. It is continually raising the bar for what a crane 
rental company can be. Contact Martin at (505) 710-
5844 or cmartin@craneserviceInc.com. To view a video 
of the operation go online to www.craneserviceinc.com 
or visit the Wind Systems Facebook page.

wind EnERgy lEAdERS RECognizEd By 
FoRBES mAgAzinE
When Forbes Magazine asked readers and energy 
industry experts the questions, “Who is reinventing the 
world? Who should you hire today? Who will you be 
working for in 20 years? Who, in short, under the age 
of 30, matters?” The answer for the energy industry was 
clear and included four of wind energy’s brightest stars. 
The Forbes “30 Under 30” list for the energy industry 
published this week includes:

•  David Berry, cofounder and vice president of strategy 
and finance at Clean Line Energy Partners, Houston, 
Texas;

•  Jeff Bishop, senior manager of government and 
regulatory affairs, EDP Renewables, Houston, Texas;

•  Elizabeth Salerno, chief economist and director of 

Companies wishing to submit materials for inclusion in this section should contact Russ willcutt at 
russ@windsystemsmag.com. Releases accompanied by color images will be given first consideration. 
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data and analysis at the American 
Wind Energy Association, 
Washington, D.C.;

•  Sean Tufts, development manager, 
RES Americas, Broomfield, 
Colorado.

“I am so proud that Forbes’ readers 
and energy experts recognize the 
awesome accomplishments and 
contributions of Liz, Jeff, David 
and Sean,” according to American 
Wind Energy Association (AWEA) 
CEO Denise Bode. “Wind energy 
is a great American success 
story, providing great jobs and 
opportunities to young people all 
across the country.”

A recent study found that with 
stable tax policy the wind industry 
can grow to almost 100,000 
American jobs in the next four 
years, including growing the wind 
manufacturing sector by one third 
to 46,000 American manufacturing 
jobs. This will keep the wind sector 
on track toward supporting the 
500,000 jobs by 2030 projected in 

a report by the U.S. Department of 
Energy during the George W. Bush 
administration.

The report completed by Navigant 
also found that if Congress allows 
the Production Tax Credit (PTC) 
for wind to expire, jobs in the wind 
industry will be cut in half, meaning 
a loss of 37,000 American jobs and 
a one third cut to American wind 
manufacturing jobs, while private 
investment in the industry would 
drop by nearly two thirds.

Wind energy’s key federal tax 
incentive, the PTC, is set to expire 
at the end of 2012. Bipartisan 
legislation recently introduced by 
Representatives Dave Reichert (R, 
WA-08) and Earl Blumenauer (D, 
OR-03) seeks to grant a four-year 
extension to the PTC for wind 
energy (H.R. 3307, the “American 
Renewable Energy Production 
Tax Credit Extension Act”). This 
legislation has garnered the support 
of 36 cosponsors including 11 
Republicans.

Forbes reporters received 

thousands of nominations 
before culling the list to the 360 
professionals listed in the “30 Under 
30” Energy list and 11 other sector 
specific lists. The complete “30 
Under 30” list will also be included 
in the January 16th issue of Forbes 
Magazine. Learn more about 

AWEA is the national trade 
association of America’s wind 
industry, with more than 2,400 
member companies, including 
global leaders in wind power and 
energy development, wind turbine 
manufacturing, component and 
service suppliers, and the world’s 
largest wind power trade show, 
the WINDPOWER Conference & 
Exhibition, which takes place next 
in Atlanta, June 2-6, 2012. Learn 
more at www.awea.org and www.
windpowerexpo.org.

3B inTRodUCES pRodUCTS 
FoR TURBinE BlAdE 
mAnUFACTURing 
3B-the fibreglass company 
announces the introduction of a 

http://www.awea.org
http://www.windpowerexpo.org
http://www.windpowerexpo.org
http://www.sotek.com
mailto:info@sotek.com?subject=Referred by Wind Systems Mag
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renewed range of reinforcements each designed for 
specific resin systems and engineered to provide optimum 
performances for the manufacture of wind turbine 
blades. The first product in the series to be revealed is 
Advantex® SE2020, a new single-end roving specifically 
engineered for epoxy polymer systems utilized in resin 
infusion or prepreg processes.

Luc Peters, 3B Wind Energy technical product 
manager, says that “At 3B we focus on understanding 
the needs of wind energy OEMs by working hand in 
hand with the designers, the weavers and ultimately the 
manufacturers of turbine blades. Collaborating with the 
entire value chain enables us to bring to market new 
benchmark rovings which further pushes the limits 
of glass fibre composite blade designs to address new 
challenges facing the wind industry.”

At present multi-compatible reinforcements are 
commonly used with different resin systems such as 
epoxy (EP), unsaturated polyester (UP), vinyl ester (VE), 
etc. However, by developing innovative and proprietary 
sizing technology focused on a specific resin family 
(epoxy), 3B is changing the rules of the game. By 
optimizing the coupling of the reinforcement uniquely 
for epoxy resin systems 3B thereby achieves best-in-class 
composite properties. With such a value proposition, 
3B’s renewed product offering becomes an industry 
benchmark for structural resins.

“Aligned with our strategy to be the wind energy 

solution provider, 3B has been continuously analyzing 
the market to better understand the challenges 
confronting the entire value chain. Our company has put 
tremendous R&D efforts in developing and combining 
new reinforcements with precise sizing technology to 
respond to the needs of the industry,” says Onur Tokgoz, 
3B Wind Energy global business leader.

Compared to conventional materials in the market 
place, 3B’s new Advantex SE2020 roving for epoxy resin 
systems offers better wet out therefore providing a more 
consistent laminate quality, a significantly improved 
resin matrix adhesion which delivers higher shear 
strength, and substantially greater interfibre strength. 
This, together with the resulting enhanced fatigue 
performance, makes the new SE2020 roving the solution 
that designers need to greatly improve existing blades 
and, more importantly, to create the next generation of 
epoxy wind turbine blades.

“At 3B, we strongly believe wind energy will play a 
key role in the need for efficient power generation that 
is clean, reliable and cost effective, especially in light of 
the recent announcements concerning the reduction 
and eventual elimination of our dependence on nuclear 
power,” Tokgoz adds. “To meet future needs and help 
reduce the cost per kWh, larger multi-megawatt wind 
turbines will become the norm, but these will require 
improved blade designs with enhanced materials to 
ensure their efficiency and productivity.”
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3B-the fibreglass company is a leading developer 
and supplier of fibreglass products and technologies 
for the reinforcement of thermoplastic and thermoset 
polymers. Learn more at www.3b-fibreglass.com.

 
RighT AnglE gEAR dRiVES FRom zERo-mAx
Motion system designers looking for a smooth 
operating, quiet right angle gear drive will find Zero-
Max Crown gear drives the ideal choice. They feature 
heat treated AGMA Class 10 spiral bevel gears and 
non-magnetic stainless steel shafts providing long term, 
maintenance free operation.

Zero-Max Crown gear drives feature long-life, 
precision hardened, and ground ball bearings handling 
speeds up to 2000 rpm in most operating environments. 
The internal gears are permanently mounted to the 
shafts with locking pins. This provides a very resilient 
and durable connection for use in heavy load applications 
while requiring no maintenance.

Zero-Max ensures their drives are predictably smooth 
operating, and similar model sizes have identical 
performance characteristics when designed into multiple 
drive setups. To accomplish this, Zero-Max drives are 
hand shimmed and hand assembled for perfect bearing 
and gear alignment. The drives are pre-lubricated during 
assembly, then completely enclosed in a heavy-duty 
anodized aluminum housing. This design ensures that 
internal gears stay permanently aligned, lubricated and 
free of contamination from outside debris.

Zero-Max Crown drives are ideal for a wide range of 
machine applications and are available in many sizes and 
models. They are ideal for a wide range of horsepower, 
torque and shaft speed requirements. Standard two and 
three way models are available with 1:1 and 2:1 speed 
ratios in shaft diameter combinations of 3/8, 1/2, 5/8 and 
3/4 inch.

“System designers increasingly prefer gear drives that 
operate quietly without maintenance requirements,” says 
Robert Mainz, sales manager. “Crown drives fulfill those 
requirements. They have become a preferred choice for 
automated systems because of their robust design and 
quiet operation.” To learn more call (800) 533-1731 or 
(763) 546-4300. E-mail zero-max@zero-max.com or go 
online to www.zero-max.com.

iSo nEw EnglAnd SElECTS gl gARRAd 
hASSAn AS wind powER FoRECASTER
In order to manage wind generation in its real-time 
and day-ahead markets, the system operator for the 
New England area of the U.S., ISO New England Inc., 
has awarded GL Garrad Hassan a two-year contract to 
provide wind power forecasting services to all wind in 
the ISO’s footprint, including generation within the states 
of Connecticut, Maine, Massachusetts, New Hampshire, 
Rhode Island, and Vermont. GL Garrad Hassan is in the 
beginning stages of this project for the ISO, with plans to 
begin first forecast delivery in 2012. Accurate forecasting 
is the key to the management of any generation source 

www.rudchain.com

http://www.3b-fibreglass.com
mailto:zero-max@zero-max.com?subject=Referred by Wind Systems Mag
http://www.zero-max.com
http://www.rudchain.com
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that inherently depends on 
the variability of the weather, 
requiring advanced short-term 
prediction of generation to make 
it approach the manageability of 
conventional electricity sources. 

GL Garrad Hassan has 
carried out pre-construction 
energy assessments on many 
operational and soon to be 
operational wind projects 
across the New England region. 
According to Dr. Craig Collier, 
regional practice manager for 
North America’s GH Forecaster 
service, “New England offers not 
only a diversity of topographic 
features to externally force 
the wind, but it is among the 
most complicated regions 
of the U.S. in terms of its 
meteorology. While New 
England is exposed to powerful 
winter storm systems advancing 
out of Southern Canada, the 
Central U.S., and the Atlantic 
(so-called “Nor’Easters”), it is 
also prone to hurricanes and 
severe weather, as evidenced by 
this year’s devastating tornado 
outbreak affecting Western 
Massachusetts.”

Indeed, the active summer 
was followed on its heels by an 
already active winter. This year’s 
winter is already off to an early 
start, with a record-breaking 
snow storm in late October. 
Dr. Collier adds, “These events 
make forecasting challenging 
even for the most seasoned 
meteorologists.”

For several years, GL Garrad 
Hassan has been providing 
short-term forecasting for a 
number of wind installations 
off the coast of Europe. The 
techniques developed for 
offshore prediction may lend 
themselves well for ISO New 
England. New England has a 
tremendous offshore wind 
resource, unlike that of any other 
region of the U.S. According to 
Ben Bell, CEO of GL Garrad 
Hassan North America, “We 
see tremendous potential for 
offshore development along the 

For more information, call or visit us on the web 

352/895-1109   www.bronto.fi 

Nothing beats a Bronto aerial 
for safety when inspecting, 
cleaning and servicing wind 
turbines. And, they do it faster 
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.

Work Safer

Working heights to 330 feet!

A subsidiary of Federal Signal Corporation

BRONTO SKYLIFT N.A.
Steve Starling
1123 Bayview Ave
Bayville, NJ 08721 - USA
Mobile +1 352 895 1109
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New England coast, a strategic area of involvement for GL Garrad Hassan.” 
Given its unparalleled experience with offshore assessment and forecasting, 
GL Garrad Hassan is ready for the challenge of any new developments along 
the Atlantic Coast.

GL Garrad Hassan has provided short-term prediction solutions for 
project owners, operators, utilities, and system operators for nearly 10 
years. The GL Garrad Hassan solution, GH Forecaster, is built upon 
cutting-edge wind resource and wind power simulation, state of the art 
high-resolution numerical weather prediction, and advanced and highly-
adaptive machine learning models, to provide the most accurate short-term 

http://www.bronto.fi
mailto:sstarling@bronto.us?subject=Referred by Wind Systems Mag
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forecasts in the industry. Backed 
by a globally dispersed team of 
atmospheric scientists, physicists, 
and engineers, the GH Forecaster 
system provides custom short-term 
prediction services for over 30 GW 
of installed capacity in 14 countries, 
from Southeast Asia to Europe, 
to the Americas, and to Australia. 
Learn more at www.gl-group.com.

SAndViK CoRomAnT 
AppoinTS nEw diRECToR oF 
EdUCATion 
Sandvik Coromant has announced 
the establishment of a new 
department focused on education. 
With this change comes a newly 
appointed director of education 
in the U.S., John Jacobsen. He 
previously held the position of 
director of business intelligence for 
three years at Sandvik Coromant 
U.S. in Fair Lawn, New Jersey. In his 
new role he will be responsible for 
overseeing all internal and external 
training and education activities in 
the United States.

“We are committed to helping 

customers develop the skills 
required in the area of metal cutting 
technology,” says Jacobsen. “In this 
new role I hope to encourage a higher 
level of knowledge by offering ways 
to improve machining processes and 
profitability. We are also committed 
to helping all of our employees 
continue their education by offering 
a comprehensive selection of metal 
cutting technology and business 
courses in both a classroom and 
e-learning environment.”

Jacobsen earned an MBA degree 
in management from Rensselaer 
Polytechnic Institute and has a 
bachelor’s degree in marketing. 
He is also a certified facilitator 
for Franklin Covey’s 7 Habits for 
Managers and Paradigm Learning’s 
Zodiak business acumen course. 
He is a board member with the 
Industrial Supply Association (ISA) 
and the United States Cutting Tool 
Institute (USCTI), and he has been 
a part of the Sandvik Coromant 
team for 15 years in a variety of 
management positions.

Sandvik Coromant is a world-
leading supplier of cutting tools and 
tooling systems for the metalworking 
industry and is represented in 130 
countries. It has 25 state of the 
art Productivity Centers located 
around the world to provide 
customers and staff with continuous 
training in tooling solutions and 
methods to increase productivity. 
Sandvik Coromant is part of the 
tooling business area of the Sandvik 
Group. Learn more at www.sandvik.
coromant.com/us.  

Avoid costly disassembling, packing and round trip shipping of your parts 
to a repair facility for traditional repairs. The portable SIFCO Process® 
of selective plating allows our experienced technicians to return wind 
turbine components to their original tolerances, on-site, up-tower -- saving 
your operation valuable time and money.

To learn more please contact Tony Arana at 281-444-6500  
or aarana@sifcoasc.com, or visit tinyurl.com/6eq8sra
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ConSTRUCTion

FRom ThE hoiSTing indUSTRy’S standpoint, 
there are two sides to wind park construction; the 
physical erection, and the overall maintenance of 
the turbine or tower. Each side has a different set of 
requirements and utilizes different skill sets in the 
hoisting industry. This month we will take a look 
at the maintenance side, focusing on the process of 
taking down and replacing parts in a wind turbine.

There are parts in the wind turbine that are sus-
ceptible to failure as time goes on, most notably a 
gearbox. Other parts include but are not limited to 
yaw drives, blade and yaw bearings, and of course 
the blades themselves. With all these parts requir-
ing the use of a crane, we have been able to be a big 
part of the wind industry. From a hoisting stand-
point, the industry has come a long way. In the 
beginning there was no such thing as a “scope of 
work”. It was more about using your previous rig-
ging and hoisting experience to guide an operator 
through the process of removing a rotor or blade. 
Now we are supplied with a hoisting and rigging 
checklist for the whole process, which is referred to 
as the scope of work.

Not all wind turbines can be treated as equals. 
Component-wise, wind turbines are very familiar, 
but from a rigging standpoint they are different. 
Each manufacture has designed their own way of 
removing the rotor and blade. For example, one 
manufacture has a plate in the middle that you rig 
to remove the rotor, whereas another has a different 
fixture altogether to grab the whole rotor. Likewise, 
removing a single blade comes with the same chal-
lenges. Depending on the manufacture you could 
bring a blade down using one crane or end up, re-
quiring the use two cranes. It isn’t enough to tell a 
crew in the morning that they are going to be hoist-
ing a rotor. We have to be specific on the manufac-
ture. Note that these are only the rigging obstacles. 
The hoisting portion is where the true experience 
of an operator and his crew shines through.

Taking off a rotor and hoisting it to the ground 
tends to be more of a challenge than hoisting it back 
up. The practice of taking down a rotor is more of 
an art, really. After we have rigged up to the rotor 
and are preparing to safely hoist it to the ground, 
we can encounter a wide variety of factors. Many 
of these factors are unknown and/or conditional. 

During this process, a flood of thoughts can be going 
through the mind of an operator, ranging from “is 
the specified weight right, and is the load balanced 
and properly rigged?” to “it’s been calm all morning, 
so might a gust of wind be coming?” All of these pose 
their own individual set of concerns for an operator 
and his crew. There is no room for error when you 
have 310 feet of boom in air and are trying to grab 
hold of a rotor at approximately 265 feet in the air. 
An operator does not know and cannot predict when 
a gust of wind will be present; he cannot predict the 
rigging to slide. He has to trust that everybody on 
site is qualified and experienced.

Rotors that require two cranes are even trickier. 
Now you have introduced another factor into the 
equation. In this case the two operators have to 
hoist the rotor down in perfect synchronization, 
otherwise the load can shift and have disastrous 
consequences. Reversing the process to hoist the 
rotor up is significantly easier. This is true because 
on the ground you have the control of lifting up the 
rotor to see if it is properly rigged up and balanced. 
If it is not, then you have the luxury of lowering the 
rotor back on the elephant foot—a luxury you will 
not get in the air. Time wise, if we can encounter 
the perfect weather conditions changing a gear-
box—which in many cases requires you to hoist the 
rotor down—it can take around eight hours.

Blade replacements pose their own unique set of 
challenges. Once rigged and in the air you have to 
“stab” 20 plus bolts into the rotor. Just like when 
you are changing your tire, you have to align the 
rim with the lugs. Now imagine doing this same 
task 265 feet in the air. Like rotors, this also chang-
es with manufactures. One manufacture has it de-
signed where you can rotate the holes for the bolts 
to match, whereas other manufactures make it so 
that you have to spin the blade in the air.

As a company, we have been working heavily with 
the wind industry for more than a decade. Many 
of our employees who work in the wind sector of 
our business have more than eight years of expe-
rience. Our branch manager for West Texas, Bob 
Strohacker, has been involved in the wind industry 
on the crane side for 20 years. I can definitely say 
that we can attribute our success in this industry to 
the experienced staff that we have.  

wind turbines may seem alike from a distance in terms of their shape and design, 
but from a rigging standpoint no two towers are created equal. 

Chris Martin
Crane Service, inc. 

Chris martin is marketing coordinator at Crane Service, inc. learn more at www.craneserviceinc.com.

http://www.craneserviceinc.com
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mAinTEnAnCE

AS ThE mw oUTpUT oF modERn wind turbines 
continues to scale upward, the components of these 
machines increase in size. Maintenance tasks asso-
ciated with replacing critical components that have 
historically been handled by one technician are now 
outside the physical limits of a single person. Though 
some turbine manufacturers are taking a more proac-
tive role in designing their equipment with mainte-
nance in mind, tasks remain with no alternative but 
to use brute force in accomplishing them. In an effort 
to reduce back injuries, project owners are beginning 
to implement standards that limit the maximum safe 
lifting weights for technicians, restricting the amount 
of weight that an employee can personally lift without 
assistance during the course of his/her duties. This 
results in a change in work process that not only in-
creases the number of technicians necessary to per-
form certain tasks, but also reevaluates the uptower 
activities related to large component handling. Ad-
dressing these work conditions is important in order 
to ensure high productivity, reduced injuries, and lon-
gevity of the modern wind technician career.

There are a number of relatively simple and inex-
pensive ways to positively influence the working en-
vironment of a wind technician. Being a proponent of 
safety programs that endorse continuous awareness 
of potential health hazards, I understand how hu-
man nature should always be considered in reducing 
the potential of employee injury. Personal protective 
gear should be properly selected, and its use strictly 
enforced. Many other ways to influence your safety 
culture may just require rethinking of procedures or 
redirecting the procurement practices for safety gear 
and tooling.

While much has been said about employee behav-
ior and the impact on muscle-related injuries, it is 
more factual to state that a higher cost return is found 
by reducing the amount of exposure—or by eliminat-
ing the exposure altogether—than it is in specialized 
training to accommodate an injurious working envi-
ronment. In a 2008 study by the Journal of Safety Re-
search, researchers found that reducing the exposure 
to injury-inducing conditions can be up to three times 
more cost effective than relying on employee behav-
ior or training. Just consider the task of climbing a 
wind turbine; technicians must be capable of pulling 
all of their weight up a 90-degree vertical climb to 
heights often reaching 300 feet or more. The weight 

of a harness fitted with steel connections, a fall arrest 
lanyard, and self rescue kit can contribute as much as 
25 pounds to the climbing weight of the individual, 
becoming a significant variable in technician fatigue 
issues. Replacing this with an equally rated and com-
mercially available PPE that utilizes aluminum con-
nections can reduce the equipment weight by more 
than 35 percent.

The lifting of tools and components to the nacelle 
is also an area that can be better thought out. Flexible 
lifting totes are now available with carry handles on 
two sides, allowing the bags to be moved by two in-
dividuals when the content weight exceeds the limits 
for one technician. This design also assists the activi-
ties uptower, where pulling a tote across the nacelle 
floor while in a crouched position can lead to muscle 
strain and injuries. Other more passive approaches 
can be used to focus on areas of the turbine where 
injury potential exists. Head knockers, for example, 
those seemingly innocent low-hanging and very solid 
structures that leave you seeing stars should be clearly 
labeled for all to avoid. It doesn’t take a lot of effort to 
identify where these are located on the turbine, just 
ask the newly hired technician.

For those who have never experienced the undesir-
able consequence of a wrench slipping from a bolted 
connection, you certainly have a surprise in waiting. 
Musculoskeletal injuries—those related to a skeletal 
muscle, tendon, ligament, or joints—are one of the 
most common injuries in the wind industry. Many of 
these types of injuries are not immediately felt, but 
they are often the ones that cause pain the next morn-
ing. Every move you make voluntarily is performed by 
a skeletal muscle, so there are many reasons they can 
become painful. Your posture, the force placed on your 
muscles, and repetition of tasks all have some part to 
play in when an injury occurs. For instance, the physi-
cal overload of force on your upper body to catch your-
self from falling backwards when the wrench slips off 
the bolt may lead to an unintended muscle or ligament 
injury. Likewise, the working position of the arm placed 
relative to a torque wrench handle is an important con-
sideration in avoiding these types of injuries. Awkward 
postures such as twisting, forward bending, and reach-
ing while exerting high forces on the arms can lead to 
upper arm and lower back injuries. 

We will continue our discussion of safety/mainte-
nance-related challenges in next month’s installment.   

with the increase in megawatt output, larger wind turbines and associated 
components pose maintenance challenges. The first in a two-part column addresses 
technician safety issues.

Merritt Brown
Rev1 power Services, inc.

merritt Brown is vice president of Rev1 Renewables, an energy services company supporting wind, solar, and biomass 
clients worldwide. To learn more call (866) 738-1669 or go online to www.rev1renewables.com.

http://www.rev1renewables.com
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TEChnology

SKF hAS inTRodUCEd A nEw VERSion of its 
high-capacity cylindrical roller bearings in a separa-
ble design that enables the separate mounting of inner 
and outer rings. The new SKF Separable High-capac-
ity Cylindrical Roller Bearing merges the advantages 
of separate mounting and high load-carrying capacity. 
In launching this version, SKF builds further on the 
success of its high-capacity cylindrical roller bearings 
in wind turbine applications, first introduced in 2006. 
These bearing designs offer increased radial load-car-
rying capacity to cope with high load conditions while 
at the same time has the advantage of being capable of 
coping with low load conditions.

This new bearing has been developed as a response 
to the requirements of non-locating positions on high-
speed shafts and high-speed intermediate shafts. The 
bearings offer easy mounting, dismounting and main-
tainability for high-speed shafts in the spur gear sec-
tion, coupled with improved reliability and operation-
al safety. The design comprises a one-piece solid brass 
cage incorporating a high-capacity cage pocket design 
that is guided on the inner ring. Separate mounting 
is achieved by a cage design that features a retaining 
function of the rollers. This retaining function en-
sures that the rollers can’t fall out during mounting 
and dismounting. The outer ring with roller and cage 
assembly can be separately mounted into the housing 
and the shaft, with its mounted inner ring, can easily 
be fitted afterward.

During mounting, the rolling elements are protect-
ed by the cage, reducing the risk of damage. The cage 
design also features an optimized roller drop, which 
helps to facilitate mounting. The inner-ring guided 
cage counteracts the risk of slip damage at high speeds 
where the bearing may have to cope with minimum 
load conditions. The rotating inner ring, being in con-
tact with the cage in the adjacent area outside the con-
tact zone of rolling elements and bearing rings, drives 
the cage, resulting in improved kinematics of the roll-
ing element set.

A significant reduction in a harmful sliding motion 
of the rolling elements on the raceways, especially 
under very low load conditions, has been confirmed 
through various tests. The new bearing can cope with 
this demand of minimum load requirements. Com-
bined with increased load carrying capacity, it leads 
to reduced risk of premature bearing failure and in-
creased operational safety.

Turbines are getting larger now, with higher power 
ratings up to 7.5MW and with 10MW in the planning 

stages. Coupled with this, wind farms are located off-
shore or in remote locations and harsh environments, 
putting added emphasis on reliability. Gearbox fail-
ures are regarded as one of the most serious causes of 
breakdown in wind turbines because of the high cost 
of repairing or replacing the gearbox and the resulting 
long downtime.

For bearings in wind turbine gearboxes, these de-
mands require better performance through higher 
operational reliability to comply with higher loads 
and to keep the design as compact as possible. The 
high-capacity cylindrical roller bearing versions of-
fer substantial performance improvements and in-
creased operational safety on the different bearing 
positions in a wind turbine gearbox. The newly de-
veloped separable high-capacity version is suitable 
for use by original equipment manufacturers in new 
designs and as a retrofit solution, where turbines suf-
fering gearbox bearing failures could benefit from an 
improved bearing design.  The new bearing conforms 
to standard ISO dimensions, making replacement 
straightforward.

The existing SKF family of high-capacity cylindri-
cal roller bearings has been successfully used in plan-
etary stages of wind gearboxes. The new separable 
bearing meets maintenance and inspection require-
ments, such as when the dismounting of high-speed 
shafts needs to be carried out directly on top of the 
turbine. In this situation, a separable cylindrical roller 
bearing design facilitates the task.

SKF Separable High-capacity Cylindrical Roller 
Bearings will be available in two different dimension 
series for the two different shaft positions. The 22 se-
ries is mainly for high-speed shafts, and the 23 series 
is mainly for high-speed intermediate shafts. Both of 
the series bearings have been designed to meet the 
various requirements of higher load-carrying capac-
ity along with reducing slip and risk of wear and hav-
ing a separable bearing design. Both the 22 and the 
23 series will cover bore diameter sizes from 100 mil-
limeters up to 240 millimeters.

The increased load-carrying capacity enables high-
er operational safety margins by keeping the same 
geometrical size or by maintaining the current load-
carrying capacity safety level built into a smaller and 
more compact bearing. SKF Separable High-capacity 
Cylindrical Roller Bearings and high-capacity cylin-
drical roller bearing versions help customers achieve 
high reliability, excellent performance, and easy 
maintainability in their applications.  

SKF’s new high-capacity cylindrical roller bearings are specifically designed for wind turbine 
gearbox applications, offering high performance and improved reliability.

Andreas Urban
SKF Renewable Energy

Andreas Urban is a business engineer with SKF Renewable Energy. learn more at www.skf.com.

http://www.skf.com
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logiSTiCS

wiTh ThE nEw yEAR ComES new resolutions, 
and like many of you I have made a resolution to 
lose some weight. My quest led me to read Michael 
Pollen’s book Food Rules, which provides a healthy 
approach to food and diet. I really like this concept 
of “simple to live by” rules, and it got me to thinking 
about whether there are such rules for logistics. So 
here are a few simple rules of my own applying to 
logistics, and I encourage you to add your own to 
the list.

Good people mean good results. Talented, inspired 
people left to do their job will result in excellent out-
comes. When all is said and done, the team with the 
most talent wins the game. This applies in sports, 
and it applies in business. But it’s not only important 
to have talented people, because it’s equally critical 
to create an environment where they can succeed. 
This means eliminating roadblocks to their success. 
One rule of thumb for any manager is to always hire 
people who are smarter than you are.

What gets measured gets done. We need to keep 
score to know how well we’re doing. Publish the 
score, and challenge your logistics team to do better.

You get what you pay for. Needless to say, if a 
quote is way low compared to others, be aware. It 
just might be an indication of hidden costs not ex-
plained upfront. This leads to the next rule…

The devil is in the details. The more details you 
obtain in a quotation, a plan, or a schedule, the more 
likely it will reflect the true cost of the transport. 
The details also matter when it comes to executing 
a transportation project. Lack of details in commu-
nication and documentation can often slow down or 
stop a project.

See the forest from the trees. Often we are so fo-
cused on optimizing a single detail of a transporta-
tion project that we end up sub-optimizing the en-
tire project. The project needs to be optimized in 
its entirety. That may mean not any single detail is 
perfect, but the sum of the parts are greater than 
they are individually.

There is a reason it’s called a supply chain. The 
chain is only as strong as its weakest link. Find that 
link, and strengthen it.

Understand the demand. Logistics is essentially 
the tool that moves goods within a supply chain, 
but there is no supply chain without demand. 
Some need, requirement, or request is driving that 
cargo along the supply chain. The better you un-

derstand the demand, the better you can execute 
the logistics.

It’s not how well you hit your shot after a good shot 
but how well you hit your shot after a bad one. I need 
to give credit to my father for this one. It originally 
applies to golf, but it has a direct correlation in lo-
gistics. There will be problems with any transporta-
tion project, but how well you recover will be the 
indicator of success.

Moving costs money, not moving costs even more. 
At least when you are moving something, you are 
making progress. Not moving something, howev-
er—which is called demurrage or detention—also 
incurs costs, and it is not moving. Be aware of po-
tential pauses and queues in the project that will 
lead to demurrage charges. Knowing upfront what 
these potential stoppages are will help you to miti-
gate costs later.

Make sure the present is wrapped. Cargo has to be 
properly packaged to insure proper shipment. I have 
witnessed delays and damage due to having cargo 
not properly packaged for the method of shipment.

We are going to save money no matter how much 
it costs. I actually had a manager tell me this once. 
It stopped me cold, and I just couldn’t find an ap-
propriate response at the time. But the truth is 
that what we think is cost savings ends up costing 
more in the long run. Thoroughly analyze cost sav-
ings suggestions to make sure they really are saving 
money and time.

For my final rule, I give credit to my mother: 
Things are never quite as good or quite as bad as 
they seem. Keep perspective when doing logistics 
projects. Understand what is going on during a proj-
ect and strike a balance. Be humble during the suc-
cesses, and learn from the failures. I listed 12 simple 
rules, and I challenge you to add your own and fol-
low them in 2012!  

For logistics experts, years of experience in the field leads to an in-depth knowledge of your 
profession. here are a few hard-earned pointers.

Michael Graska
professional logistics group, inc.

“Keep perspective when doing 
logistics projects. Be humble 

during the successes, and learn 
from the failures.”

michael graska is project leader with professional logistics group. For more information go online to 
www.prologisticsgroup.com.

http://www.prologisticsgroup.com
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pRoFilE

A global leader in the production of extruded aluminum profiles, 
this company provides lightweight components to oEms 
designing larger, more powerful turbines.

SApA ExTRUSionS
By Russ Willcutt
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AS wind TURBinES gRow lARgER, the 
weight of related component parts increasingly be-
comes a concern, and when considering the remote 
sites with extreme weather where wind farms are 
often located—and especially as offshore develop-
ment begins gaining traction in North America—
corrosion-resistant materials are beneficial, as well. 
That’s why Sapa Extrusions is positioned so well to 
meet the market’s evolving needs. 

“Sapa is the world’s leading producer of extrud-
ed aluminum profiles,” according to Jason Weber, 
manager of business development, renewable en-
ergy, North America, “and with 16 manufacturing 
facilities located strategically around the United 
States, we’re in an excellent position to support the 
needs of the wind energy market.”

For nearly a decade Sapa has been adding to the 
list of component parts it manufactures for wind 
OEMs. Beginning with bus connectors the list 
now includes nacelle support structures, turbine 
mounting brackets and frames, and profiles for lad-
ders and lifts, as well as platforms, stairways, rail-
ings, and elevator components. The company also 
offers hydraulic manifolds, rigid conduit, inverter 
housings and components, and thermal manage-
ment systems base on its vast experience in heat 
transfer technologies.

One hallmark of Sapa’s approach to doing busi-
ness is its ability to respond quickly to its custom-
er’s needs. “What typically happens is that an OEM 
will contact us requesting a quote on a part they’ve 
designed,” Weber explains. “In that instance we’re 
working from their plans and manufacturing the 
part for them, should we be awarded the contract. 
In other situations we may get involved a bit earlier 
in the process, meeting with the client to discuss 
their goals and then providing design services our-
selves. And the beauty of having so many locations 
around the country is that we can offer rapid proto-
typing services, and also quick delivery of compo-
nents to their destination since we’ll handle manu-
facturing at the plant that’s closet to the customer’s 
facilities. Not only does that help with supply chain 
issues, it also lowers shipping costs.”

Savings are realized in other ways, as well. With a 
technical center located in Portland, Oregon, Sapa 
metallurgists and engineers of all specialties—
which are also found at the company’s facilities—
will consider a customer’s overall application and 
make suggestions as to how parts could be manu-
factured more economically. This often results in 
attributes such as greater strength achieved by 

extruding multiple parts as one piece, rather than 
attaching them together by welding or fasteners. 
Another example of a value-added benefit is found 
in a design suggestion that resulted in bus conduc-
tors being preinstalled in the towers one of its cus-
tomers manufactures. “And that’s actually a safety 
feature,” Weber says, “because one of the most 
dangerous aspects of making a turbine operational 
once it’s been erected is installing the cables that 
connect the nacelle to the grid. We’re always try-
ing to develop new and better approaches to how 
things have traditionally been done.”

That dedication is evident at its extruding facility 
in Louisiana, where Sapa has established a custom 
process for one of its large wind OEM customers. 
“For this customer we mount these extremely long 
structural parts on our 10-meter CNC machining 
center where we machine them, drill holes in them, 
and then we apply a special coating that protects 
against corrosion and enhances electrical conduc-
tivity,” Weber says. “We keep stock on the floor for 
them, which we release to them on an as-need ba-
sis. So that’s a situation where we’re not only meet-
ing their requirements in terms of the parts they 
need, but also providing quick shipment from a 
location near to their plant.”

Part of the Sapa Group—which was founded 
in 1963 in Vetlanda, Sweden, and is now wholly 
owned by Norwegian Orkla ASA—Sapa Extrusions 
is also heavily involved in solar energy, manufac-
turing aluminum frames for panels and other relat-
ed components. Dedicated to innovation and the 
ability to respond quickly to its customer’s needs, 
Sapa stands as a reliable resource for the growing 
wind energy industry. “With the resources we have 
throughout North America, we are able to meet 
our customer’s needs quickly, efficiently, and fully,” 
Weber says. “Whether they’re based in the United 
States, Mexico, or Canada, we’re in a great position 
to service this growing market.”  

go online to www.sapagroup.com.

“with the resources we have 
throughout north America, 

we are able to meet our 
customer’s needs quickly, 

efficiently, and fully.”

http://www.sapagroup.com
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BUilding A STRUCTURE 
FoR SAFETy

in lATE 2011, dUKE EnERgy’S commercial 
businesses presented the President’s Safety Lead-
ership Award to the joint Duke Energy Renewables 
and Suzlon Wind Energy site team at the 29-mega-
watt Happy Jack and 42-megawatt Silver Sage wind 
farms near Cheyenne, Wyoming. Traditionally be-
stowed upon the operations teams at one of Duke 
Energy’s unregulated conventional power plants, 
this award recognized the exceptional team ef-
fort that took the sites’ safety performance to new 
heights in 2010.

In the narrative that follows, Bryan Stewart and 
John Valerius—Suzlon Wind Energy and Duke En-

ergy Renewables’ respective site leads—share the 
lessons they learned along the way in the hope 
that they may aid operators at other wind farms 
throughout the industry.

ThE EVolUTion And ThE goAl
The Happy Jack Windpower Project, which reached 
commercial operation in 2008, was Duke Energy 
Renewables’ first wholly-owned commercial wind 
project. It is located in Laramie County, due west 
of Cheyenne. The adjacent Silver Sage Windpower 
Project came online in 2009. The sites are owned 
and operated by Duke Energy Renewables, which 

Suzlon and Duke Energy discover that collaboration, 
empowerment, and vigilance are key to developing a 
successful culture of wind-farm safety.
By Bryan Stewart and John Valerius

Bryan Stewart is with Suzlon wind Energy and John Valerius is with duke Energy 
Renewables. go online to www.suzlon.com and www.duke-energy.com.

http://www.suzlon.com
http://www.duke-energy.com
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has an onsite team that oversees balance-of-plant 
operations and general site management. Suzlon 
Wind Energy oversees the maintenance of the sites’ 
34, 2.1MW Suzlon turbines under a five-year full 
service agreement.

Productive partnerships require hard work, 
communication, and trust. From the beginning, 
site leaders from the companies sought to trans-
form Happy Jack and Silver Sage into working lab-
oratories where tried-and-true best practices and 
innovative ideas could be developed into safety 
protocols designed to protect both the workers and 
equipment at the two wind farms. Our collabora-

tion continues to evolve, but the goal remains the 
same: create and continually enhance a zero-injury 
and illness culture, one in which the responsibility 
for hazard identification and mitigation is shared 
equally among all team members and everyone 
feels empowered to prevent accidents. 

lESSon 1: SAFETy FiRST
It takes more than perfunctory “safety moment” 
sharing and hardhat stickers to ensure employ-
ees and contractors make safety their top priority. 
To create a viable safety culture, site leaders first 
identified the unique strengths of each company 
and exchanged lessons learned at other power gen-
eration facilities. Many of the Duke team members 
relied upon their experiences designing, build-
ing, and operating fossil-fueled and hydroelectric 
power plants to ensure the wind farms leveraged 
best safety practices. This “utility mindset” encour-
aged rigorous standardization and measurement—
two operational characteristics that are not always 
commonplace throughout the developing renew-
able energy industry.

Suzlon Wind Energy’s intense focus on leading by 
example helped shape the way Happy Jack and Sil-
ver Sage site managers model the safety traits and 
behaviors they expect every employee and contrac-
tor to demonstrate each day. Specifically, Suzlon’s 
“Leading with Safety” training course provides 
managers with the tools and techniques they need 
to ensure safety remains the top priority, includ-
ing recognition and reward mechanisms, employee 
engagement programs, and documentation tem-
plates to track key performance indicators. Leaders 
are held fully accountable for things that they can 
control and influence, including conducting safety 
meetings, inspections, and safety audits. 

Fig. 1: Arch flash gear buddy check at left. Suzlon 
and duke Energy team members, above (photo 
credit: Suzlon).
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Fig. 2: pre-job safety briefing (Suzlon).

Fig. 3: performance of lock out tag out (Suzlon).
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lESSon 2: CommUniCATion iS KEy
Open and candid lines of communication have also 
been critical to our success. Our joint team of 10 
full-time staff members at the two wind farms con-
ducts weekly safety briefings and delves deeply into 
topics such as turbine ladder accident prevention; 
slip, trip, and fall avoidance; and body stress miti-
gation techniques to counter working in extreme 
temperatures. At one point in 2010 we document-
ed and analyzed a pattern of dropped tools at both 
sites. Brainstorming led to the implementation of a 
new training program that equips technicians with 
step-by-step guidance on how to properly handle 
certain types of tools during maintenance exercis-
es. We reinforced the key aspects of the training 
program through new signage and message rein-
forcement at team meetings. 

lESSon 3: no FAUlT SAFETy 
hAzARd idEnTiFiCATion
To truly create a sustainable culture of safety, all 
site workers must feel empowered to identify and 
communicate potential hazards without fear of ret-
ribution for hampering operations. This concept is 
at the core of our shared safety philosophy. No mat-
ter who raises a safety concern, we work together 
to develop the solution.

For instance, the two companies’ employees 
jointly hold monthly fire inspections and hazard Fig. 4: ladder rescue drill (Suzlon).

http://www.helwigcarbon.com
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identification walkthroughs at Happy Jack and Sil-
ver Sage. The individuals responsible for conduct-
ing the inspections are rotated each month so that 
fresh eyes can uncover both obvious and subtle 
risks. In 2010, these site employees and contractors 
identified and addressed a number of seemingly 
minor but potentially harmful issues, including trip 
hazards from empty pallets and fire hazards from 
daisy-chained extension cords and fraying wires.

lESSon 4: SAFETy EVERy dAy
We developed a Job Safety Analysis (JSA) template 
for technicians to complete before each tower climb 
to ensure that safety remains at the forefront of ev-
eryday operations. At the beginning of our partner-
ship, Suzlon’s employees shared their company’s wind 
safety procedures with Duke Energy Renewables em-
ployees. In turn, Duke’s employees provided safety 
procedures originally developed for Duke Energy’s 
sizable fleet of coal-fired power plants. Although it is 
impossible to guarantee that accidents will not hap-
pen, the JSA provides our technicians with a thought-
provoking regimen that reinforces the importance of 
doing a job safely, not just quickly. 

lESSon 5: lEVERAging ExpERiEnCE
A meaningful commitment to safety must involve in-
novation. This occurs by thinking about problems in 

Fig. 5: Recovery position for rescued person (Suzlon).

Fig. 6: duke Energy Renewable Safety Cup (duke Energy).
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new ways, and also by lever-
aging team members’ diverse 
experiences and skill sets. For 
example, John once served as 
a firefighter and emergency 
medical technician. We in-
corporated prevention and 
treatment techniques com-
mon to those professions 
into our site readiness and 
response plans. Happy Jack 
and Silver Sage purchased a 
compact backboard—often 
used by EMTs at the scene 
of an accident or crisis—and 
adapted it for high-angle 
wind turbine tower rescues. 
This makes it far easier to se-
cure an injured individual in 
a confined space and lower 
them safely to the ground. 
John’s emergency medical 
response experience also led 
us to create medical trauma 
bags customized to meet the 
potential needs of wind farm 
technicians. Fortunately, we 
have not yet had the need to 

put these tools into service in a real emergency. Having them on hand, 
however, means our workers are trained and better prepared to contend 
with a great range of crises that might confront the operators of a large-
scale wind farm.

Another example: Both companies rely upon their respective mete-
orological expertise to identify and mitigate weather-related hazards. 
Meteorologists from both companies send automated and customized 
text messages to wind farm workers if the weather appears likely to take 
a dangerous turn. This ensures that our employees and contractors will 
have adequate time to suspend their activities and evacuate if neces-
sary.

SpREAding ThE woRd
We believe the lessons we have learned and best practices we have de-
veloped through our partnership at the Happy Jack and Silver Sage wind 
farms in Wyoming can help leaders at other wind farms refine their 
safety protocols and programs. We regularly share these lessons and 
practices at other Duke Energy and Suzlon sites, and ask for their ideas 
in return. On numerous occasions, industry peers have generously pro-
vided us with food for thought related to safety excellence. In addition, 
both companies serve on the American Wind Energy Association’s En-
vironmental Health & Safety Committee, which has proven to be an 
insightful forum in which to exchange information.

Although we are proud of our joint safety accomplishments, we know 
we can never rest on our laurels. Safety hazards are inherent in our 
line of work. When it comes to identifying and mitigating the risks that 
pose harm, our employees and our assets, vigilance, and creativity are 
essential.  
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CARBon CERAmiCS FoR 
CURREnT TRAnSFER

CARBon BRUShES ARE A SmAll BUT CRUCiAl 
part of a wind turbine. Carefully selected brush 
grades, in combination with slip rings and intel-
ligent brush holders, protect the turbine against 
lightning and the bearings against parasitic cur-
rents.

Many conveniences of our daily life would not 
be available without carbon ceramic materials, 
including the carbon brush for electrical sliding 
contact. Without this development, electrical mo-
tors and generators—and so, the industrial revo-
lution—would not have been possible. Almost all 
electrical machines for household appliances like 

washing machines, vacuum cleaners, shavers, and 
power tools as well would not work without carbon 
brushes. An automobile without carbon brushes 
would be antiquated, since almost all components 
for convenience such as the power window motor, 
air conditioner, seat adjuster, sunroof, and fuel-
injection would not be operational without carbon 
brushes. Trams, subways, and electrical locomo-
tives with speeds above 350km/h wouldn’t have 
reached the present stage of development without 
adjusted, high-performance carbon ceramic com-
ponents.

Special features of these materials include good 

Whether used in blade control, or to protect the 
generator and electrical components from 
lightning strikes, carbon brushes are proving 
useful in wind applications.
By Dr. Ulrich Ringleb 

dr. Ulrich Ringleb is with Schunk-Kohlenstofftechnik heuchelheim. 
go online to www.schunkgraphite.com.

http://www.schunkgraphite.com
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thermal and electrical conductivity and a low fric-
tion coefficient. Carbon doesn’t have a liquid phase, 
but sublimes at 3500°C, so that there is no welding 
with metals. That feature makes carbon superior to 
other materials as a material for electrical sliding 
contact. Carbon ceramics are basically mixtures of 
defined carbon containing raw materials with or-
ganic binders. By means of different forming pro-
cedures, components of almost every shape and 
size can be fabricated (fig. 1).

At a subsequent temperature treatment up to 
3000°C, the green bodies get their characteristic 
properties. With a temperature treatment up to 

1000°C the materials are called carbon-graphite, 
and at a final temperature of 3000°C the result is 
electro-graphite. Besides graphitic components, 
metal-graphite contains metals such as copper or 
silver. Additional treatments involving impregna-
tions with resins or metals allow further modifica-
tions of the physical properties.

The materials can be adjusted to all possible field 
conditions by means of using different raw mate-
rials, their conditioning, and by different shapes. 
The good thermal properties are useful in semi-
conductor manufacturing and for continuous cast-
ing. Burner nozzles for rockets or brake linings for 
automobiles and aircraft are future-oriented devel-
opments. Carbon components prove themselves 
as replacement for asbestos in the glass industry. 
The special tribological properties also show their 
advantages in sleeve bearings in pumps. Carbon-
reinforced fiber materials rank among those with 
great future potential due to its high stiffness and 
thermal characteristics, and using such grades in 
medical applications is just beginning. 

AppliCATionS FoR CARBon BRUShES
In the following passage numerous applications for 
carbon brushes on wind turbines are described, 
along with potential problems and approaches to 
solutions (figs. 2, 3). 

gEnERAToR BRUShES
The majority of wind turbines are fitted with dou-
bly fed induction generators (DFIG). The main ap-
plication for carbon brushes on wind turbines is 
the current transfer on the slip ring of these gen-
erators (fig. 4).

From the extreme cold of Inner Mongolia or 
North Dakota to the heat in desert areas, wind 
turbines are exposed to harsh environments. Addi-
tionally, there are other challenges like changes in 
wind speed, low humidity, and on/off cycles of the 
generators, etc. Actually, the carbon brush is only a 

Fig. 1: molecular structure of graphite.
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small part of a wind turbine, but 
a very crucial component for ef-
ficiency, maintenance periods, 
and output.

From the standpoint of car-
bon brushes, there are three 
core components for the current 
transmission: the carbon brush 
itself, the slip ring, and the brush 
holder with a spring system. Ac-
tual carbon brush grades consist 
mainly of graphite and metal 
powder, usually copper, and with 
a metal content of 40-60 percent. 
For difficult cooling conditions, 
even brush grades with a high sil-
ver content are in use. Additives 
and after-treatments allow adap-
tation to these conditions, espe-
cially low humidity. The grade 
selection and number of brushes 
depend on the rotor current, the 
cooling and ambient conditions, 
and the slip ring material as well.

During the past 10 years the in-
dustry has gone to great lengths 
to improve the brush perfor-
mance and shorten maintenance 
intervals. Meanwhile, even the 
harshest environment is no prob-
lem for carbon brushes. The slip 
ring material (fig. 5) is stainless 
steel (e.g. X20Cr13 ) or bronze 
(e.g. GBz10).

Although the surface speed 
is in the normal range for car-
bon brushes, the rings are heli-

Fig. 2: Typical wind turbine locations where brushes are used.

Fig. 3: power brushes. 

Fig. 4: dFig generator.  
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cally grooved to guarantee 
safe contact and to improve 
the cooling of the slip ring 
surface. During operation a 
protective film is formed on 
the slip ring surface, called a 
patina. This thin film is cru-
cial for the current transfer 
and the friction behavior of 
the carbon brushes. The pa-
tina consists of oxides of the 
ring material, humidity, and 
graphite from the carbon 
brush. Any interference of 
the film formation process 
has a negative influence on 
brush performance. That, for 
instance, is ambient temper-
ature, surface temperature of 
the ring, current, humidity, 
presence of oil or dust, and 
state of the ring surface, etc. 
An initially sufficient surface 
roughness (5-8µm Rz, 0,8-1.2 
µm Ra) supports the film for-
mation.

Slip rings are available in 
different designs: assembled, 
or molded. The diameter and 
size is a function of the rotor 
current. Variants up to 1500 
amperes exist. Intelligent 
brush holder systems support 
the brushes in their func-
tion. Massive and stable, cast 
brush holders are the current 
state of the art. Referring to 
them as “intelligent” means 
that the holders have a brush 
wear monitoring device in-
cluded. Holder systems with 
helical tension springs allow 
brushes with 100mm length 
and a brush lifetime of more 
than two years. The single 
holders are normally pre-
assembled on brush rockers 
(fig. 6). Each component of 
the current transmission ap-
paratus can also be adjusted 
for offshore usage. 

gRoUnding BRUShES
A special application for car-
bon brushes is the discharge 
of ripple voltages. Ripple 
voltages can arise due to dif-
ferent factors, with electro-

static effects on the electric circuit and backlashes of the inverter be-
ing the main reasons. Despite constructive measures ripple voltages or 
parasitic currents are not completely avoidable.

For shaft grounding, a double brush holder with two grounding 
brushes is usually used. The standard carbon brush design is a so-called 
sandwich design made of a silver metal and graphitic brush grade. The 
silver grade is for grounding the graphite parts, for film formation on 
the shaft, and the removal of existing oil. It has to be certain that in the 
turning direction of the shaft, the graphite layer is always in front of the 
silver layer.

http://www.encoder.com
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Fig. 5: Stainless steel power slip ring with brush holders. 

http://www.cincinnatigearingsystems.com
mailto:gearsales@cst-c.com?subject=Referred by Wind Systems Mag
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This brush design is a safe 
solution, but also the most 
expensive one. Therefore, 
cheaper brush designs such 
as metal impregnated grades 
or metal graphite grades ex-
ist. The applicability has to be 
checked case by case (fig. 7). 

lighTning pRoTECTion
Lightning strokes are a wind 
turbine’s worst enemy. Due 
to their height of over 100 
meters, and mostly located 
in remote areas, wind tur-
bines are exposed to light-
ning strokes up to 10 times a 
year. Wind turbines have the 
specialty that the blades and 
the nacelle rotate and change 
position during their func-
tion. Significant amounts 
of lightning current passes 
through or near to all wind 
turbine components, and it 
also passes electronic equip-
ment containing control or 
measuring devices.

Besides systems based on lightning conductors, carbon brushes and 
brush holders are used to protect the bearings and the parts behind it, 
i.e. the gearbox and generator. They should allow the current to bypass 
the bearing, instead directing it from the blade via the shaft to the tower 
and then to the ground. Standard brush designs can carry up to 200kA 
during a lightning stroke. Lightning protection brushes are not only 
used on turbines with DFIG generators, but on turbines with synchro-

704.872.8888
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Fig. 6: Brush holder assembly. 
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nous or induction generators as 
well (fig. 8). 

piTCh ConTRol
Pitch control motors are DC mo-
tors with standard brush grades. 
Because of the low speed and 
short operating intervals, the 
lifetime of these carbon brushes 
is extremely long.

hUB ConTRol Slip RingS
The hub control slip ring is used 

for communication between the 
generator and the pitch control 
unit. Modern wind turbines ad-
just rotor blade pitch angle for 
two important reasons, safety 
and control. The control func-
tion improves turbine efficiency 
by adapting the blade aerody-
namics to wind conditions. The 
safety function performs as an 
aerodynamic brake and rotates 
the turbine blades to a non-ro-
tating (feather or stall) condi-

tion in wind speeds that exceed 
safe rated speeds or in other fault 
conditions. These slip ring units 
consist of a high voltage part and 
a low voltage/low current part 
for data and signal transfer. Gold 
wire technologies are commonly 
applied for current transfer. Due 
to increasing demands (blade 
heating) and increased blade size, 
however, this technology hits the 
wall, so the “old” brush technol-
ogy enjoys a revival in this ap-
plication. Silver brush grades are 
the main choice when it comes 
to data transfer as well as power 
supply. 

AUxiliARy dRiVES
There are also some minor ap-
plications like pumps driven by 
induction or DC motors using 
carbon brushes. 

mAinTEnAnCE ChECKliST
Brushes, holders, and slip rings 
must be checked regularly. A 
problem detected at an early 
stage can be addressed before 
failure occurs. Recognized too 
late it may give rise to heavy 
damages, stopped turbines, and 
expensive repairs. The following 
should be used as a checklist for 
regular inspections:

Carbon Brushes
•  Brush length: Too-short brush-

es should be replaced.
•  Shunts: Discolored shunts are an 

indication for uneven current 
distribution, possibly caused by 
different brush temperature. It 
is recommended to replace the 
complete brush set, since single 
brushes could already have a 
defect. If shunts are frayed by 
vibration, they should also be 
replaced.

•  Vibration markings: If carbon 
brushes show a shiny side-sur-
face it is an indication of radial 
movement of the brushes in the 
brush box. This can be caused 
by out of round slip rings, bear-
ing failures, or a too-smooth 
ring surface. If the side surface 
shows markings of current, the 

Fig. 7: grounding brushes. 

Fig. 8: lightning protection brushes.
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connection between brush and shunt could be 
damaged.

•  Brush contact surface: Rough, broken contact sur-
faces may appear in the case of brush sparking. 
Brush sparking of the power brushes is a rather 
rare phenomenon, while sparking of the ground-
ing brushes is observed quite often. 

Brush holder
•  Brush box: It must be ensured that brushes can 

move freely.
•  Electrical connections: All electrical connections 

must be fitted accurately.
•  Springs: The holder springs should be checked in 

longer periods. Springs with a deviation of more 
than 10 percent from the nominal value should 
be replaced.

•  Brush holder distance: It is important for a proper 
guiding of the brushes in the brush box, and that 
the distance between holder and ring is 2-3mm. 

Slip Rings
•  The slip ring surface should be checked with a 

strobe light for damages. The surrounding should 
be checked for oil. If bearing grease or oil gets to 
the ring or commutator surface, it forms an insu-
lation layer hampering the current transfer and 
leads to high brush wear. The porous brush mate-

rial absorbs the oil. So in case of an oil leakage, all 
brushes should be replaced. 

FlAShoVER mARKingS
Heavy brush dusting and the deposition of brush 
dust on the insulators of the brush holders are the 
main reasons for flashover on the power slip rings, 
so it is essential to remove brush dust regularly. 
That must be carried out with a sucking method, 
not with a blowing method. Slip rings with a flash-
over mark must be replaced on the spot.  
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UlTRACApACiToR 
EnERgy SToRAgE

ThE woRld ConTinUES To pURSUE wind 
as a source of low-cost, renewable, zero-emis-
sions electricity. With worldwide annual growth 
through 2020 expected to average 22 percent, 
wind becomes a significant percentage of total 
electricity sourcing. As the amount of electricity 
supplied by wind reaches 15 percent and higher in 
some areas—with others deriving 50 percent from 
wind—the reliability of this resource becomes 
critical.

The issues caused by varying winds and the time 
of use versus generation have been well document-
ed. However, the reliability of wind turbine genera-

tors connected to weak electrical grids has received 
less attention. With wind farms typically found in 
remote locations, a weak grid to which turbines are 
connected can have severe effects on the wind tur-
bines. Grid voltage dropouts can frequently occur, 
and the wind turbine must stay connected—i.e., 
controls and output must be maintained—despite 
perturbations in the grid.

Several occurrences of grid disconnect have 
been experienced in recent years. In the case of a 
grid disturbance, the wind turbines would discon-
nect from the grid as a safety precaution to protect 
the turbine. While these events may have occurred 

According to Maxwell Technologies, ultracapacitors 
improve the reliability for grid connected wind turbines 
and low-voltage ride through.
By Jason Lee

Jason lee is senior product marketing manager at maxwell Technologies, inc. 
Visit online at www.maxwell.com.

http://www.maxwell.com
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previously, their effect was relatively minor since 
wind generation was not a major portion of the 
overall electricity supply. At base load conditions, 
which typically occur at night, wind may provide 
50 percent of the total power demand, so a discon-
nect is not an acceptable reaction to a transmission 
disturbance.

Typical wind turbine generator designs are 
shown in fig. 1. Grid disturbance problems can oc-
cur along the main power line or in the controls, 
which are powered directly from the grid. Along 
the main power a voltage drop or spike can cause 
an over-current, over-voltage, or over-speed, all of 

which could damage the generator. A voltage drop-
out in the power to the controls can also cause a 
grid disconnect.

gRid REQUiREmEnTS: low VolTAgE
RidE ThRoUgh
Technical requirements for low voltage ride 
through vary by country and by grid operation. A 
few key requirements are shown in fig. 2. Typical 
dropouts up to 0.625 seconds must be fully covered 
and full generator output returned two to three 
seconds after recovery of the grid.

Varying blade angle, i.e. pitch control, can help 
control generator speed in extreme wind condi-
tions, and the applicability of ultracapacitors for 
this function has been described elsewhere. While 
pitch control does effectively protect and optimize 
the wind turbine, it does not help with grid dis-
connect issues. When a low voltage event occurs 
this is effectively a low resistance to the genera-
tor, which leads to an over-speed situation. The re-
action of the wind turbine is to use pitch control 
to slow down and eventually bring the blades to 
a halt, causing a disconnect from the grid. Pitch 
control is very effective in its purpose to protect 
a catastrophic failure of the wind turbine. We are 
left with electronic solutions to low voltage ride 
through to avoid this disconnect.

SolUTionS: pASSiVE dEViCES
Crow bar devices and resistor banks have been 
used for low voltage ride through and to protect 
the wind turbine. However, the energy they con-
sume is wasted. They are effective due to their abil-
ity to provide active and reactive power, but they 
are quite limited in the timescale that can be cov-
ered. They require sophisticated electronics and 
software, which can run in the $30,000-$40,000 
range per turbine.

Static synchronous compensators (STATCOM) 
have recently come into use for power quality pur-
poses. They are effective at providing active and 
reactive power as required by the grid. However, 
their particular effectiveness is in the short dura-
tion of a few cycles. Sizing a STATCOM to cover a 
few seconds becomes economically unfeasible.

Ultracapacitor energy storage can provide ride 
through for the main power conversion as well as 
the control electronics. They are scalable in time 
and power, but can cost effectively provide power 
from seconds to a few minutes. They have long 
been used as backup power for pitch control, so 
their reliability and lifetime are proven in similar 
applications and environments. Additional ben-
efits of ultracapacitor energy storage include:

•  Long life—typically in the 15 year range, depend-
ing upon operating voltage and temperature;
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•  Green solution—recyclable mate-
rials, no toxic chemicals;

•  Scaleable—with modular designs, 
systems can be scaled up depend-
ing upon the wind turbine out-
put;

•  Maintenance free—capacitors do 
not require any regular mainte-
nance and can be fully discharged 
for safe handling, and;

•  Easy monitoring—simple dis-
charge time measurements can be 
used to determine system health 
along with voltage monitoring.

Ultracapacitors function similar-
ly to other types of capacitors, but 
they have tremendous surface area 
(3,000 m2/g) and molecular scale 
plate spacing (1 nm). These param-
eters allow their use as an energy 
storage device and essentially a DC 
component. They cannot be used in 
typical filtering applications. With 
no moving parts or chemical reac-
tions, they have lifetimes up to 15 
years, and potentially longer with 
predictable degradation and simple 
monitoring techniques. End of life 
is defined as 80 percent of rated 
energy storage capacity (measured 
as an 80 percent reduction in ca-
pacitance) and 50 percent of rated 
power capability (measured as a 
doubling of the rated equivalent 
series resistance, ESR). With this in 
mind, a system can be easily sized 
using a 1.5MW wind turbine as an 
example.

Required Power: the maximum 
power required is determined peak 
power output. In the extreme, this 
is the rated 1.5MW specification. 

Fig. 1:  Typical wind turbine block diagram for power generation. dFig architectures split the power 
between a direct connected output and with power conversion control.

Fig. 2:  Ride-through requirements for select countries. wind 
turbines must stay connected during grid voltage dropouts and return 
to nearly full power, as shown.

In the assumption that, on average, a wind turbine operates at 80 percent 
output, the power rating is:
Prequired = 1.5 MW x 80% = 1.2 MW 

Required Energy: using the China grid requirement, the wind turbine 
must support a 0.625 second dropout plus an additional two seconds of 
recovery. The ultracapacitors must provide voltage support for this entire 
period. Additionally, the power output of the wind turbine is assumed to 
be constant power.
Erequired  = Prequired x (0.625 seconds + 2 seconds)  = 3.15 MJ

System Configuration: a system must be configured to meet both the 
power and energy requirement. Capacitor system power and energy is 
calculated as follows:
Pcap = 0.12 x V2 / ESR
Ecap = ½ C x V2   

Additionally, 
ESRsystem = ESRmodule x Ns / Np
Csystem = Cmodule x Np / Ns 

Where Np = number of modules in parallel
Ns = number of modules in series
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The capacitor voltage drops as it is discharged, the energy output is the 
difference between the starting energy at Vcharged and the ending energy at 
Vdischarged. The value for Vdischarged is dependent upon the power electronics 
between the capacitors and the DC bus. In this example, we assume that 
the Vdischarged can be as low as 30 percent of Vcharged, the normal DC bus volt-
age. A common wind turbine ultracapacitor module is rated at 75V, 94F, 
and 13 mohm. Assuming the DC link operates at 450V, Ns = 6. We can 
now calculate a system configuration.

For power requirements,

1.2 MW = 0.12 x 4502 / (0.013 x 6 / Np)
Then Np = 1.2 MW / (0.12 x 4502) x (.013 x 6) = 3.85 → 4

For energy requirements,

3.15 MJ = ½ x (Cmodule x Np / 6 ) x (450-150)2

Then Np = 3.15 MJ / (½ 94 / 6 x (450-150)2 ) = 2.2 → 3

Fig. 3:  2.7V, 3,000F ultracapacitor cell slightly smaller than the size of 
a 0.5l water bottle.

Fig. 4:  This 75 volt module can be used in wind turbines for lVRT, 
voltage regulation and VARS support.

Thus, an example system for a 
1.5MW wind turbine will contain 
six modules in series with four such 
strings in parallel. The calculations 
above are an example only and de-
tailed sizing calculations should 
be made for each system and re-
gion. However, ultracapacitor en-
ergy storage would cost $20,000-
$35,000 per wind turbine, less 
than the $30,000-$40,000 reported 
for other solutions which require 
a combination of electronics and 
software. With a demonstrated re-
liable history of installations in the 
nacelle for pitch control, ultraca-
pacitors have proven their value as 
a maintenance-free energy storage 
solution.

mARKET poTEnTiAl
Although wind energy today con-
tributes approximately 2 percent 
of the world’s total electricity sup-
ply, it is estimated that its contri-
bution will grow to over 4 percent 
by 2020. Therefore, within a de-
cade another 230GW of new ca-
pacity is expected to be installed, 
which represents a market poten-
tially worth $250 billion. Ultraca-
pacitors will play a major role in 
this expansion and have already 
been installed in approximately 
20,000 wind turbines. While the 
requirements for LVRT will grow 
along with overall wind installa-
tion, the rate of penetration will 
be determined by the percentage 
of total electrical energy coming 
from wind turbines in local re-
gions and the frequency of grid 
disconnects causing reliability is-
sues.

Other requirements will also 
be place upon wind energy for 
“firming” of its output to reduce 
short-term variability. Grid op-
erators and those responsible for 
reliability will place specifications 
on wind generation to control 
ramp rates and short-term spikes 
or sudden drops in ouput. Ultra-
capacitor energy storage will play 
a role in these functions as well 
as LVRT to provide cost effective, 
reliable solutions to grid reliabil-
ity with renewable resources.  
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ConCRETE TowERS 
FoR mUlTi-mEgAwATT 
TURBinES

ThERE hAS BEEn SigniFiCAnT gRowTh 
over the past few years in the size of wind tur-
bines, which went from hundreds of kilowatts to 
several megawatts. This change in size has also 
imposed very strict conditions for wind turbine 
components, including steel towers. The demand 
generated by the limitations of the current tech-
nologies of the steel towers has led to the devel-
opment of technologies for precast concrete wind 
towers of high-energy performance that can over-
come heights and weights not achievable by steel 
towers. In this field, the Spanish company Inneo 
Torres has positioned itself as one of the leading 

international manufacturers of precast structural 
concrete towers.

TowER ChARACTERiSTiCS
The exceptional experience acquired by the con-
struction of numerous vertical concrete structures 
is not directly applicable to the design and construc-
tion of concrete towers for wind turbines, which 
have very specific requirements including: speed 
on construction rates; demanding fatigue loading; 
specific requirements concerning dynamic behavior 
and vibration; visual quality and finishing; visual in-
tegration requirements in the landscape, and more.

The precast towers developed by Inneo Torres 
are suitable for all types of wind turbine hub 
heights, under any wind condition, and can 
be tailored to meet specific requirements.

By Jorge Jimeno

 Jorge Jimeno is head of sales at inneo Torres. Call +34 914 179 898 or go online to www.inneo.es.

http://www.inneo.es
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Usually the “in situ” construction techniques for 
vertical concrete structures—by means of climbing 
or sliding formwork—have essential limitations: its 
geometry is strongly influenced by technology and 
cost of the formwork, and the time required for its 
implementation is quite extensive and dependent 
on the weather conditions. It is logical, therefore, 
that this technique has been used only with spe-
cific wind towers or on an experimental basis in 
towers where the costs or lead times have been far-
reaching.

On the other side, the precast concrete struc-
tural wind towers have all the conditions that may 

be required, and a single constraint that limits its 
scope: the amortization of the initial investment in 
technology and equipment, which requires a suf-
ficient number of identical towers.

TowER TEChnology
Inneo’s product range is composed of three mod-
els of towers for heights of 80 m, 100 m, and 120 
m that are suitable for onshore and offshore wind 
farms and turbines from 1.5 to 4.5MW. Thanks to 
its versatility the precast tower solution developed 
by Inneo Torres is suitable for all types of wind 
turbine hub heights and under any wind condi-
tions, and it can be tailored to meet the specifics 
requirements of any wind turbine (geometry, dy-
namic behavior, special loads, etc.). Inneo can also 
adapt the towers, which have a high ductility, to 
seismic risk areas.

Fig. 1: in operation since 2008, the losilla 
wind Farm in Spain features 16 towers of 80 m 
supporting an Aw-1500 wind turbine.
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mAin FEATURES
We will outline some of the primary tower 
attributes here, including: behavior and 
structural capacity; transport logistics 
and assembly; durability; foundations; 
environmental constraints; and function-
ality:

Behavior and Structural Capacity
•  Adoption of a system that is not condi-

tioned by transport limitations and there-
fore provides freedom in the choice of the 
geometry of the tower, allowing the struc-
tural optimization both in its resistant 
capacity and on the control of its natural 
frequency and dynamic response.

•  The ability to achieve great heights and 
support large-scale wind turbines both 
on land and at sea.

•  Significant improvement of structural 

Fig. 2: The peñablanca wind Farm in 
Spain, where the patented preassembly 
process allows rates of more than two 
towers per week.

Fig. 3: The components of the tower are easily transported, and no special permissions are required.



   windsystemsmag.com      43    

damping, and therefore of the 
dynamic behavior, reducing 
fatigue loading and thus con-
tributing to an increase of the 
equipment life and the reduc-
tion of maintenance require-
ments.

•  Joints between ductile parts 
are reliable, maintenance-free, 
tested and certified. Simple and 
quick implementation in the 
field.

•  Optimal response to seismic 
actions thanks to the high duc-
tility of all sections of the tower, 
including the unions and the 
high structural damping that 
increases in extreme load situ-
ations. This enables the struc-
ture to absorb and dissipate 
high amounts of energy in the 
event of an earthquake, in clear 
contrast with the behavior of 
existing steel towers.

Transport Logistics and Assembly
•  Low sensitivity to stimuli that 

can produce aeroelastic phe-
nomenon of vortex shedding on 
the isolated tower. This makes it 
possible to finish the assembly 
of the tower and to install the 
nacelle at any time, unlike metal 
towers that have to assemble the 
gondola immediately after plac-
ing the last section of the tower.

•  High rate of assembly through 
the use of a few pieces of great 
length and simple and rapid sys-
tems for the use of the joints. 
Onshore construction rates of 
2.5 towers per week, equivalent 
to the existing steel towers and 
unreachable for in-situ building 
systems of concrete towers or 
hybrid ones.

•  Easy and reliable transporta-
tion of large pieces of reduced 
height.

Durability
•  There is practically no need of 

maintenance for the tower or 
the unions.

•  Greater durability of concrete 
structures, particularly in ma-
rine environments, thanks to 
the adequate protection of the 

concrete lining in the inner re-
inforcement corrosion. This in-
creased durability is enhanced 
by the high-performance of the 
concrete used in the wind tow-
ers.

•  Increased tolerance to damage 
from impact or accidental ac-
tions, simpler and cheaper in 
case of future repairs.

Foundations
•  The increased stiffness and fre-

quency of vibration of the towers 
greatly reduces stiffness require-
ments of the foundation. This 
helps to reduce uncertainties as-
sociated with the deformation of 
the ground and allows significant 
savings in the foundation, particu-
larly in places with soft ground.

Premier SponsorSupporting Partners

http://www.sme.org/composites
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Fig. 4: more pre-assembly operations 
at the peñablanca wind Farm, 
featuring a tower of 100 m.

Putting concise, actionable 
information in your hands is 
what we do best. Our top to 
bottom inspections provide 
condition assessments that 
significantly reinforce your       
ownership position. 

  1-866-738-1669 

Rev1Renewables.com  

a division of Rev1 Power Services, Inc.  

Construction QA/QC 
End of Warranty 

Vibration Monitoring 
O&M Services 

http://www.rev1renewables.com
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•   The connection with the foundation is 
made without interfaces; it’s simpler, 
cheaper, and more reliable.

•  The great weight of the tower makes it 
more stable and allows for a significant 
reduction of the foundation, making it 
more economical.

•  The larger diameter at the base of the 
tower reduces flights of the shoe, as well 
as the effort applied, and allows less 
amount of armor.

•  The foundation is 25-35 percent cheaper 
than equivalent metal towers, and it is 
faster to execute.

Environmental Constraints
•  Generation of less noise due to the con-

crete damping effect.
•  Lower CO2 emissions to manufacture 

the tower, between 55 and 65 percent 
less than the emissions spent in a metal 
tower.

•  Recyclable materials. Once completed 
the useful life of the structure, the con-
crete can be used as recycled aggregate 
for new concrete preparations.

Functionality
•  Large interior space at the base of the 

tower, thanks to its larger diameter (maxi-
mum diameter for steel towers 4.3 m, for 
concrete towers the diameter can be equal 
or superior to 6.8 m), which favors the 
assembly of equipment inside the tower 
at one level and without constraints of 
space.

•  Increased size of the door, which allows 
for the passage of the equipment easily 
and facilitates its installation or eventual 
repair.

•  Facility to anchor the elements and inte-
rior equipment necessary in the walls of 
the tower.

•  Improved safety facilities in case of light-
ning strikes.

SUmmARy
Inneo Torres was founded in 2004 and has 
installed more than 150 towers of 80 and 
100 m in Spain and recently in Brazil. In 
fact, the company recently signed several 
contracts with some of the main wind tur-
bines manufactures of the market and in 
2012 will start serial production of its120-
meter model. Also, Inneo will launch new 
installations of its patented mobile factory, 
already used in Brazil last year, in other Bra-
zilians states in the course of this year.  

collaborate  |  innovate  |  integrate

March 27-29, 2012
Los Angeles Convention Center
Los Angeles, CA

the power  
of people.

the potential
of technology.
Discover the manufacturing strategies 

for tomorrow’s world at WESTEC 2012.  

Experience solutions from the aerospace, 

defense, medical, energy and automotive 

industries as you meet face to face with 

industry leaders and decision makers.

westeconline.com
800.733.4763

http://westeconline.com
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mARKETplACE

Your foundationS are not 
complete Without protect-
ing  the anchor boltS With 
ironclad™ bolt capS

800.359.0372
info@normtoomanconst.com
normtoomanconst.com

norm tooman 
construction, inc.
the standard of 
the industry.

Protects 
Against 
Corrosion

Protect 
your bolts

Technical Solutions

Aerospace and Automotive Applications

Multiple Start Gear Grinding Wheels

• Lower grinding forces
• New abrasive blends & bonds
• Lower grinding temperatures
•  Increased porosity for higher stock removal

Gear Honing Benefits

• Flank correction
• Reduced operating noise
• Longer service life
•  Correction for distortion from harden-

ing process

Hermes Abrasives, Ltd.
524 Viking Drive • Virginia Beach, VA 23452 

Toll free phone: 800.464.8314

PO Box 2389 • Virginia Beach, VA 23450 

Toll free fax: 800.243.7637

www.hermesabrasives.com See it all at www.excelgear.com

mailto:info@normtoomanconst.com?subject=Referred by Wind Systems Mag
http://www.hermesabrasives.com
http://www.excelgear.com
http;//www.stahlwilletools.com
http://www.thegearworks.com
http://www.sandvik.coromant.com/us
http://www.normtoomanconst.com
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T: +1 303 351 5418
E: sales@romaxtech.com
www.romaxtech.com

The No. 1 Partner for Multi-Megawatt 
Gearbox Design

Gearbox designs 
certified & in 

production include: WT5000-5MW

WT3000-3MW

WT2000-2MW

Romax’s GL Certified multi-megawatt 
gearbox designs have been selected 
by over nine major wind turbine 
manufacturers for their proven 
reliability and ease of manufacture. 

Providing full designs as well as 
manufacturing support, Romax works 
in partnership with its clients allowing 
rapid advances in their wind gearbox 
product portfolio and capability.
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Q&A

TEll US how yoU CAmE To FoUnd ThE 
CompAny, And how iT’S gRown oVER 
TimE.
I’d had this idea of launching a company based on 
providing transparent engineering, construction, 
and financial risk management support services for 
alternative and renewable energy projects for years, 
and I found myself with the opportunity to begin 
moving in that direction when my employer—the 
energy services division of Enron—ceased opera-
tions in 2001. The business model concept was to 
support owners and developers in getting their en-
ergy infrasture projects financed, through integrat-
ing energy efficiency and alternative energy tech-
nologies. The energy market was too soft after the 
Sarbanes-Oxley Act of 2002 to do more than act as 
an independent consultant, so I kept the company 
dormant until the passing of the 2005 Energy Poli-
cy Act. This created significant opportunity for en-
ergy infrastructure projects through providing tax 
incentives and loan guarantees for various types of 
energy initiatives. So that’s when I started actively 
marketing Bocci Engineering, and it wasn’t long 
before I’d managed to land three research projects 
with the Texas State Energy Conservation Office 
through a partnership with the Houston Advanced 
Research Center, which is focused on the com-
mercialization of alternative energy technologies. 
So those three projects really opened the doors for 
Bocci Engineering, and by 2007 we had a growing 
group of full-time employees here in Texas in ad-

Call (713) 575-2400, e-mail info@bocciengineering.com, or go online to www.bocciengineering.com.

Lianne Lami
president and founder/Bocci Engineering, llC

dition to a large number of independent energy consultants 
and contractors located around the country. And while we’ve 
experienced the same economic downturn that everyone 
else has, I can tell you that we’re in growth mode again, with 
more active projects booked for 2012 than we had in the last 
two years combined. We were also recently named one of the 
nation’s top 14 woman-owned businesses by the Women’s 
Business Enterprise National Council, or WBENC, so that’s 
something we’re very proud of as well.

ThE SERViCES liSTEd on yoUR wEB SiTE ARE 
pRETTy ExTEnSiVE, BUT CoUld yoU giVE US An 
oVERViEw oF yoUR ACTiViTiES?
I’d be glad to. We’re a specialty energy and environmental 
consulting firm, and we focus on projects that pay for them-
selves. The first step in that process involves determining 
whether or not it’s economically feasible, as I’ve mentioned, 
because you don’t want to expend a lot of time and energy 
on a project that won’t end up getting built. We tend to work 
on “inside the fence” distributed energy generation deals that 
involve a mix of technologies such as wind, biofuels, and 
solar at the same site. To give you an example, if a hospital 
contacted us interested in increasing their energy efficiency, 
we would analyze their power consumption curve to see if 
onsite power generation made sense. We would then review 
the resources available at that site to determine the right mix 
between wind turbines in one area, solar panels in another, 
and waste heat to energy. We would also consider renewable 
resources such as biomass, biogas, and water/wastewater 
needs. Bocci is involved in projects that address energy se-
curity and infrastructure hardening, which involves helping 
protect customers against long-term power outages caused 
by storms or other emergencies. In a nutshell, though, we can 
provide assistance through all phases of an energy project, 
from strategic development all the way though commission-
ing and beyond. We usually work directly with the owner to 
make sure that their goals for the development are met.

how woUld yoU dESCRiBE yoUR RElATionShip 
wiTh ThE wind indUSTRy?
As a two-way street. We are frequently brought in by wind 
farm owner/operators as a third-party technology review ex-
pert in order to help with the selection of major equipment, 
and we also act as a bridge between the developer and the in-
vestment world, helping that crucial relationship to proceed 
smoothly. As a systems integrator we need to know about 
the latest technologies being developed in the wind sector so 
that we can factor those concepts into our alternative energy 
assessments and project development activities. We work in-
ternationally, and we’ve been involved in offshore projects as 
well, so we’re here to be a resource for the North American 
and global wind energy market.  

mailto:info@bocciengineering.com?subject=Referred by Wind Systems Mag
http://www.bocciengineering.com
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More in Baltimore
Did you know that 16 of America’s top 25 aerospace companies and 70 of the top 100 defense 
contractors are in Maryland? It’s also home to 12 major military installations, space exploration, 
satellite technology and research, design and manufacturing of UAVs and robotics. 

SAMPE conferences consistently deliver quality education focusing on the most apt technologies 
concerning advanced materials and processes (M&P) professionals. SAMPE 2012 is no exception. 
With four full days of conference programs, you’re sure to discover the new applications and 
developments you need to advance your projects.  

  Highlights:     Industries:

  • 300 Exhibiting Companies   • Wind Energy 

  • 325 Applications and Research Presentations • Aerospace/Aircraft

  • 6  Industry Leader Led Panels   • Transportation

  • 8 Half-day Tutorials    • Medical

  • Five Conference Tracks   Free exhibit hall admission.

The largest fall event in the industry consistently demonstrates its worth 
to those who attend. Ninety-seven percent of attendees report making 
new contacts at the SAMPE Tech event. Moreover, SAMPE is partnering 
with ACMA and SME, bringing new audiences together for the most 
dynamic materials and processes event of the year. 

Bring this ad with you for free exhibit hall admission.

SAMPE 2012 Conference and Exhibition
May 21-24, 2012

Baltimore Convention Center, Baltimore, Maryland

Contact
Efren Pavon

efren@sampe.org
www.sampe.org

WHY SOUTH CAROLINA?
THE RISING STAR IN THE AEROSPACE INDUSTRY

Where Business Begins and Relationships are Created

• Home of the new Boeing 787 Dreamliner. Boeing’s new 787   
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 generation X3 Sports Activity Vehicles are produced.

• Over 160 aerospace-related companies, including Lockheed   
 Martin, GE Aviation, BAE Systems and many more.

Contact
Efren Pavon

efren@sampe.org • www.sampe.org

  Conference and Exhibition 
       North Charleston, SC

NEW ATTENDANCE RECORD
Don't miss your opportunity to tap into this growing audience. The 2011 conference shattered attendance records with 7,220 
participants from 30 countries and all 50 States

More in Baltimore
Did you know that 16 of America’s top 25 aerospace companies and 70 of the top 100 defense 
contractors are in Maryland? It’s also home to 12 major military installations, space exploration, 
satellite technology and research, design and manufacturing of UAVs and robotics. 

SAMPE conferences consistently deliver quality education focusing on the most apt technologies 
concerning advanced materials and processes (M&P) professionals. SAMPE 2012 is no exception. 
With four full days of conference programs, you’re sure to discover the new applications and 
developments you need to advance your projects.  

  Highlights:     Industries:

  • 300 Exhibiting Companies   • Wind Energy 

  • 325 Applications and Research Presentations • Aerospace/Aircraft

  • 6  Industry Leader Led Panels   • Transportation

  • 8 Half-day Tutorials    • Medical

  • Five Conference Tracks   Free exhibit hall admission.

The largest fall event in the industry consistently demonstrates its worth 
to those who attend. Ninety-seven percent of attendees report making 
new contacts at the SAMPE Tech event. Moreover, SAMPE is partnering 
with ACMA and SME, bringing new audiences together for the most 
dynamic materials and processes event of the year. 

Bring this ad with you for free exhibit hall admission.

SAMPE 2012 Conference and Exhibition
May 21-24, 2012

Baltimore Convention Center, Baltimore, Maryland

Contact
Efren Pavon

efren@sampe.org
www.sampe.org
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MAXWELL
ULTRACAPACITORS.

BREAKTHROUGH 
TECHNOLOGY
THAT POWERS 
BREAKOUT
DESIGN.

                                             MAXWELL’S ULTRACOMPACT ENERGY STORAGE AND DELIVERY DEVICES 

represent cost-efficient and reliable products that enable blade pitch control to 

            transcend the risks and limitations of batteries.  Ideal for the harshest environments, 

        our wind-system ultracapacitors range from 350 Farad cells to 3000 Farad cells, and 

integrated power packs from 16V to 75V (higher voltages with series connection) for multi-megawatt class 

turbines.  Ready to innovate?  Breakout.  With Maxwell.
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