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companypRoFILE  
amSc WIndtEc GmbH
by Russ Willcutt
interested in entering the wind-energy market, have experience 
manufacturing large parts, but none specific to producing 
turbines? Here’s the company you need to call. 

GEttInG SmaRt about WInd 
and dEmand RESponSE
by DaRRen bRaDy anD Rob GRamlicH
smart grid technologies can help operators accommodate the 
incremental variability and uncertainty added by wind energy in 
a more efficient and cost-effective manner.

WInd dRIvE tRaIn RIdE-tHRouGH 
pERFoRmancE
by anDeRs tRoeDson
the permanent magnet synchronous generator, combined with 
a full power converter from the switch, offers stellar fault ride-
through performance, efficiency, and reliability.

WInd tuRbInE GEaRbox 
duRabILIty
by JoHn coultate, PH.D.
the experts at Romax technology discuss the impact of 
gearbox housing and planet carrier flexibility on wind turbine 
gearbox durability.

bRuSHInG up on tuRbInE 
GEnERatoR maIntEnancE
by Paul m. KlinG, Russ tallyen, anD Roly RobeRGe 
new designs and materials are leading to longer brush life and 
increased generator uptime, with improved productivity bulking 
up your bottom line.

avoIdInG SHockS to tHE SyStEm
by RobeRt scHlesinGeR, P.e.
Wind towers are basically lightning rods, so the key to 
continued power production involves protecting the generator’s 
electrical systems from sudden surges.

cREatIvE condItIon
monItoRInG
by DR. e. becKeR anD Paul Poste
condition monitoring systems that monitor key components 
of wind turbines such as gearboxes add considerably to the 
reliability and performance of wind parks.
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maRkEtpLacE  60  advERtISERINDEX  63

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

conStRuctIon
James D. Hussin—HaywarD Baker, inc.
Performed properly, a mat foundation bearing on aggregate piers 
is an efficient and economical alternative to traditional deep 
foundation systems.

maIntEnancE
PartHiv amin anD sHawn Doner—winergy Drive systems
lubrication quality is a key driver for gearbox reliability in wind 
turbines. this installment focuses on choosing the best type and 
how to maintain it properly.

tEcHnoLoGy 
katHleen o’Dell—national renewaBle energy laBoratory
Gearbox designers and manufacturers follow stringent standards for 
designing and building gearboxes, but failures persist. this group is 
seeking a solution.

SmaLLWInd 
micHael miller—Dc Power systems
Whole-systems thinking is critical to the success of small wind 
installations since each decision informs and affects all the rest, 
from foundation to maintenance.

Q&a craig macPHee, PresiDent
big mac’s custom Pressure Washing
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No part of this publication may be reproduced or transmitted 
in any form or by any means, electronic or mechanical, 
including photocopy, recording, or any information storage-
and-retrieval system without permission in writing from the 
publisher. The views expressed by those not on the staff 
on 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.

EdLEttER
We would first like to thank all of you who stopped by our 
booth at WINDPOWER 2009 held recently in Chicago, and to 
congratulate the American Wind Energy Association (AWEA) 
for an incredibly professional and informative conference. We 
were gratified by the positive reception we received, and we’d 
like to show our appreciation by presenting you with another 
rock-solid issue of Wind Systems magazine.

This month you’ll read “Getting Smart about Wind and De-
mand Response,” an excellent article by Darren Brady, senior 
vice president and COO of EnerNOC, Inc., and Rob Gramlich, 
who is senior vice president for public policy at AWEA. John 
Coultate, Ph.D., of Romax Technology, has penned “Wind Tur-
bine Gearbox Durability,” and Rob Schlesinger, P.E., of DEHN, 
Inc., discusses protecting electrical systems from lightning 
strikes in “Avoiding Shocks to the System.” In “Brushing Up 
on Turbine Generator Maintenance,” Paul M. Kling, Russ Tal-
lyen, and Roly Roberge of Morgan AM&T share news of new 
designs and materials that are leading to longer brush life, and 
Dr. E. Becker and Paul Poste of PRÜFTECHNIK Condition 
Monitoring explain why the technologies they’ve developed 
improve the reliability and performance of wind parks. An-
ders Troedson, of The Switch Controls and Converters, Inc., 
describes teaming up a permanent magnet synchronous gen-
erator with a full power converter in “Wind Drive Train Ride-
Through Performance.”

As for our columnists, Kathleen O’Dell of the National Re-
newable Energy Laboratory writes about the Wind Turbine 
Gearbox Reliability Collaborative (GRC) in this month’s in-
stallment of her technology column, and James Drew Hussin 
of Hayward Baker, Inc., discusses how a mat foundation bear-
ing on aggregate piers is an efficient and economical alterna-
tive to traditional deep foundation systems in his construc-
tion column. Parthiv Amin and Shawn Doner of Winergy 
Drive Systems describe lubrication quality as a key driver for 
gearbox reliability in their maintenance column, and Michael 
Miller of DC Power Systems encourages “whole-systems” 
thinking in his small wind column. AMSC Windtec GmbH  
is our company profile—thanks to Jason Fredette for shar-
ing their story with us—and Craig MacPhee, president of Big 
Mac’s Custom Pressure Washing, makes a powerful case for 
the importance of pre- and post-erection tower cleaning and 
maintenance as our Q&A subject. 

As I’ve done before, I’d like to extend an open invitation to 
all of our readers to contact me at the e-mail address listed 
below with any story ideas you may have or technical articles 
you’d care to submit. We look forward to hearing from you!

Russ Willcutt, editor
Wind Systems magazine

russ@windsystemsmag.com
(800) 366-2185
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nEWS
nEW accuRa 3d cooRdInatE 
mEaSuRInG macHInE FRom  
caRL ZEISS 
Carl Zeiss Industrial Measuring 
Technology (IMT) has introduced 
the new ACCURA®. By systematically 
implementing customer requests, it 
has developed a multi-sensor capable 
measuring system that permits fast, 
economical, precise, and flexible mea-
surements.

Measure dynamically, precisely and 
safely: Thanks to the steel and alumi-
num components, the new ACCURA 
measuring machine bridge is extremely 
rigid and thin. The CARAT® coating 
(Coated Ageing Resistant Aluminum 
Technology) on the aluminum parts 
ensures long-term stability of guide-
way behavior. The low weight of the 
moving parts improves the dynamics. 
This allows the ACCURA to achieve a 
maximum vectorial travel speed of 800 
millimeters per second—50 percent 
faster than its predecessor—in the Per-
formance Package configuration. This 
speed demands increased protection 
measures. Therefore, the Performance 
Package contains a special safety sys-
tem: laser scanners monitor the pro-
tection zone around the measuring 
machine during the high-speed mode. 
If the safety system registers movement 
within this zone, the machine speed 
is automatically lowered within one 
second. Once the disruption passes, 
ACCURA reaccelerates to the original 
measuring speed. The enhanced air 
bearings also play a key role in the dy-
namic behavior of the bridge. Thanks to 
the thinner air gap, they are more rigid 
and require less compressed air than 
previous air bearings.

Foam insulating technology enables 
higher temperature independence: The 
ACCURA bridge features a new, high-
performance insulation—foam insulat-
ing technology. At minimal thickness, 
the housing covers ensure temperature 
resistance. This guarantees the required 
precision even on the shop floor.

Freely selectable temperature range 
(20-26°C): Measuring machines must 
be operated at constant temperatures 
to avoid temperature-dependent defor-

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. 

mations. A fixed measuring lab temperature of 20°C is standard. 
The new ACCURA can be operated with the same precision at 
other temperatures between 20 and 26°C. The measuring lab tem-
perature can therefore be set appropriately and you save air condi-
tioning costs.

Tailored to customer demands: As with a versatile modular 
system, customers can configure the ACCURA to fit their require-
ments. Based on their current tasks, they select the ideal configura-
tion, i.e. sensors. Special software, such as GEAR® PRO for gears 
and HOLOS® NT for freeform surface measurements, is integrated 
along with CALYPSO®, the standard CAD-based measuring soft-
ware from Carl Zeiss. Subsequent modifications can be made very 
easily. The ACCURA is available at a very economical price for this 
performance class. If requirements change, different sensors and 
software can be easily added. Whether cut, shaped, or molded parts, 
plastic or steel—all options of coordinate measuring technology are 
available. The ACCURA also permits the integration of MASS® 
technology from Carl Zeiss. Combined with an RDS articulating 
probe holder, MASS permits the fast, measuring program-guided 
change between contact sensors and the ViScan® and LineScan op-
tical sensors during a CNC run. The contact measuring sensors of 
the VAST® family and the DT single-point sensor can also be used 
in various configurations.

The new ACCURA is currently available in four sizes, each of 
which offers a large measuring range—even with an integrated sty-
lus changer. For more information contact Chris Grow at (763) 744-
2400 or cgrow@zeiss.com. Go online to www.zeiss.com.
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WIndpoWER 2009 a HuGE 
SuccESS FoR aWEa, WInd 
InduStRy
The U.S. wind energy concluded 
the world’s largest wind conference 
held May 4-7 in Chicago, which 
hosted 1,280 exhibiting companies 
and more than 23,000 attendees. 
“The size and breadth of this show 
are a clear indicator that the wind 
energy industry is a hub of business 
activity even in this hesitant econ-
omy,” says AWEA CEO Denise 
Bode. “What we heard loud and 
clear from the industry assembled 
here in Chicago was a call to enact 
a national Renewable Electricity 
Standard (RES) to secure a stable 
and growing market for renewable 
energy.”

A poll released by AWEA at 
WINDPOWER showed that more 
than 75 percent of Americans, in-
cluding 71 percent of independents 
and 62 percent of Republicans, 
support an RES requiring that 25 
percent of the nation’s electricity be 
generated from renewable energy 
by 2025. Show highlights include:

•  Siemens announced it will open a 
wind turbine nacelle manufactur-
ing facility in Hutchinson, Kan-
sas. Investment in manufacturing 
facilities in the U.S. has acceler-
ated over the past two years, with 
over 55 wind turbine and wind 
turbine component manufactur-
ing facilities announced, added or 
expanded in 24 states in 2008(see 
page 12); 

•  Exhibitors from 48 states, and 
representatives from all 50 states 
and from 70 countries were pres-
ent at WINDPOWER, demon-
strating the industry’s national 
and international scope;

•  The exhibition hall exceeded 
290,400 square feet—more than 
the 2008 (168,700 square feet) and 
2007 (92,500 square feet) WIND-
POWER shows combined.

•  WINDPOWER welcomed over 
23,200 attendees, up from 13,000 
in 2008, 3,600 in 2004 (which was 
also held in Chicago), and 1,000 
in 2001;

•  Five Governors (Chet Culver of 
Iowa, Jim Doyle of Wisconsin, 
Jennifer Granholm of Michigan, 

Pat Quinn of Illinois, and Ted Strickland of Ohio) addressed the con-
ference. The Governors of Kansas and Pennsylvania were also present. 
States and their offices of economic development are competing to at-
tract wind turbine supply chain companies and create good jobs. At 
least 19 state or regional economic development offices were exhibit-
ing at WINDPOWER.

•  Secretary of the Interior Ken Salazar, Energy Secretary Steven Chu (via 
a taped speech), and Federal Energy Regulatory Commission Chair-
man Jon Wellinghoff also addressed the conference. Secretary Salazar 
pointed to new rules for offshore wind farms that open the way for the 
U.S. to become a leader in offshore wind power. Both noted the value 
of a national Renewable Electricity Standard in creating jobs, helping 
hold down costs for consumers, and diversifying the nation’s electric-
ity portfolio. “At no time in our history has the time for a new energy 
policy been so urgent. This is an opportunity that Americans cannot 
afford to miss,” Salazar said.
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•  T. Boone Pickens, who planted wind energy firmly 
in the public consciousness with his high profile 
campaign, again pointed to the need to get off 
foreign oil by using more renewables to produce 
electricity and more natural gas for transportation. 
He predicted Congress will eventually pass com-
prehensive legislation, including an RES, because 
the American people support it. 
AWEA is the national trade association of Amer-

ica’s wind industry, with more than 1,900 member 
companies, including global leaders in wind power 
and energy development, wind turbine manufac-
turing, component and service suppliers, and the 
world’s largest wind power trade show. AWEA is the 
voice of wind energy in the U.S., promoting renew-
able energy to power a cleaner, stronger America. 
The WINDPOWER 2010 Conference & Exhibition 
will take place May 23-26 in Dallas, Texas. To learn 
more go to www.awea.org.

WanZEk makES bIG Jump on LISt oF top u.S. 
contRactoRS
For the second year, Wanzek Construction, Inc., has 
held a position on Engineering News-Record (ENR) 
magazine’s list of the Top 400 Contractors in the 
United States. The list ranks the 400 largest general 
contractors in the United States according to the 
previous year’s revenue. In 2008 Wanzek appeared 
on the list for the first time, holding position num-
ber 345. This year the company took a 168-point 
jump into position 177, after doubling revenues to 
more than $400 million. In 2008 Wanzek’s national 
portfolio of heavy/civil and industrial construction 
projects included, most notably, the installation of 
approximately 1000MW of wind energy generation 
capacity.

Wanzek Construction, a MasTec company, spe-
cializes in heavy and industrial projects throughout 
the country for the market sectors of power, renew-
able energy, industrial process, heavy/civil, and wind 
energy construction. For more information contact 
Jason Kaufman, vice president of business develop-
ment, at (701) 282-6171 or jkaufman@wanzek.com. 
Visit online at www.wanzek.com.

WInd tuRbInE actuatoRS FRom tRELLEboRG 
SEaLInG SoLutIonS
Trelleborg Sealing Solutions supplies a specially 
engineered sealing configuration to AVN Energy 
A/S, a leading hydraulic actuator manufacturer for 
wind turbines. Meeting the dynamic criteria due 
to constant movement of the actuator, the sealing 
system offers maximized seal life, contributing to 
minimal turbine maintenance requirements.

Stall machine turbines being replaced by con-
tinuous pitch systems has put extreme demands on 
hydraulic actuators. The position of stall machines 
would shift only once every 10 minutes, but in 
continuous pitch wind turbine systems the nacelle 
and angles of the blades constantly change in small 

amounts once every rotation, 15 times per minute 
on average. This means that instead of producing six 
long strokes per hour, the turbine’s hydraulic actua-
tor must now initiate 900 short strokes in the same 
period, 24 hours a day and seven days a week, for a 
targeted 20-year period.

“Customers have high expectations from our 
products, and the number-one requirement of the 
wind turbine manufacturers is reliability,” says Poul 
Kristensen, export sales manager at Denmark-based 
AVN Energy A/S, one of the world’s leading suppli-
ers of actuators for wind turbines. “Maintenance 
of turbines is difficult and costly. On land it is hard 
enough, but offshore it is really tough. And when 
the windmill is switched off for maintenance, it is 
not producing energy and losing income. On top of 
that, operators are often penalized if supply targets 
are not met. So a primary objective for them is to 
minimize routine downtime, while stoppages due to 
component failure have to be avoided at all costs.”

Having worked with Trelleborg Sealing Solu-
tions on stall machines, AVN approached it to 
jointly develop a sealing system to meet the chal-
lenging requirements of continuous pitch systems. 
The specified solution is a complex arrangement 
of seals ranging from O-Rings to specialist Turcon® 
PTFE based geometries and Slydring® in Orkot®. The 
unique configuration is specially engineered to en-
hance lubrication and optimize friction characteris-
tics, while preventing any external leakage. For more 
information contact Donna Guinivan at +44 121 
746 3621 or donna.guinivan@trelleborg.com. Visit 
online at www.tss.trelleborg.com.

toRQuE cERtIFIcatIon pRoGRam FoR WInd 
InduStRy FRom Snap-on InduStRIaL
Snap-on Industrial has announced the launch of a 
torque certification program designed specifically to 
meet the needs of the growing global wind industry. 
Snap-on Industrial, a division of Snap-on Inc., is a 
global leader in the design, manufacture, and dis-
tribution of hand and power tools, specialty tools, 
storage solutions, and training to meet the needs of 
industry.

“Torque certification is particularly sensitive in 
the wind-power industry because mistakes can be 
both expensive and time consuming,” says Frederick 
Brookhouse, business and education partnership 
manager. “In developing this training program, our 
goal is to outline a curriculum that builds on what 
Snap-on has learned in certification programs it has 
spearheaded in the automotive market. As a compa-
ny we’ve learned what works and what doesn’t work 
in creating an effective training program.”

Torque is the turning motion used to tighten or se-
cure a fastener around an axis point. The amount of 
force used in a particular task is measured in Newton 
meters, or foot pounds. The Snap-on torque certifica-
tion program, developed in collaboration with educa-
tors, explores both torque theory and proper use and 





12    JULY/AUGUST   |   2009   

application of equipment; test-
ing for certification focuses on 
equipment use.

The 16-hour certification 
course is designed as a compo-
nent to an existing wind-power 
technician training course. The 
Snap-on torque certification 
program will be integrated into 
wind-power technician courses 
currently available at Lakeshore 
Technical College in Cleveland, 
Wisconsin; Gateway Technical 
College in Kenosha, Wisconsin; 
Texas State Technical College 
in Sweetwater, Texas; Cerritos 
College in Cerritos, California; 
and the multi-campus Frances 
Tuttle Technology Center in 
Oklahoma.

The torque curriculum in-
cludes modules on theory, 
technique, mechanical torque 
wrenches, electronic torque 
wrenches, hydraulic torque 
wrenches, torque multipliers 
and safety. It is designed to cov-
er every aspect of torque, from 
the basics through master-level 
skills. Current wind-power cur-
riculum incorporates the study 
of electrical and electronic 
components, electrical safety, 
working in confined spaces and 
working at height.

“The understanding and 
proper application of torque is 
a mission-critical element of 

a viable and sustainable wind-
power industry in the U.S.,” 
Brookhouse says. “This industry 
needs strong training programs 
to meet the burgeoning demand 
for manpower. Snap-on Indus-
trial is uniquely positioned to 
provide this customized, special-
ized training and we’re working 
to apply that knowledge today.”

To learn more contact Dale 
Alberts at (262) 656-6559 or 
dale.l.alberts@snapon.com. Go 
online to www.snapon.com. 

InnovatIvE LubRIcatIon 
SoLutIon FoR WInd poWER 
appLIcatIonS FRom kLübER
Klüber Lubrication, a world-
wide manufacturer of spe-
cialty lubricants, showcased 
three innovative, specialty 
lubricants for the wind power 
industry at WINDPOWER 
2009: Klüberplex® BEM 41-141, 
Klüberplex® AG 11-462, and 
Klübersynth® GEM 4-320 N.

Klüberplex BEM 41-141 is 
high-performance grease with 
a special blend of base oil and 
additives to cover the different 
lubrication requirements of the 
individual bearing applications 
within wind power stations. The 
beige grease is ideal for pitch 
and yaw bearings (high stresses, 
oscillations, vibrations), main 
bearings (low rpm, high stress-
es, vibrations), and generator 
bearings (high rpm and temper-
atures). Klüberplex BEM 41-141 
can be used in all bearing appli-
cations which allows consolida-
tion of lubrication inventory.

Another unique product is 
the priming and operational lu-
bricant, Klüberplex AG 11-462 
an effective lubrication for open 
gears. Klüberplex AG 11-462 is 
esthetically neutral because it 
is white in color and provides 
excellent adhesion as well as su-
perior protection against high 
loads and corrosion.

In addition to its grease prod-
ucts, Klübersynth GEM 4-320 N 
is outstanding, synthetic oil for 
enclosed gear drives subject to a 
wide range of service tempera-
tures. Compared to standard oil, 

Klübersynth GEM 4 N shows 
excellent wear protection for 
gears and bearings, ageing and 
foaming resistance, cleanliness, 
and greater efficiency. Klüber’s 
“ADDED value” program has 
made it easy for manufacturers 
and operators to simplify their 
lubrication program. For more 
information please visit www.
klubersolutions.com/wind.

SIEmEnS to buILd u.S. 
WInd tuRbInE pRoductIon 
FacILIty
Siemens intends to build a new 
production facility for wind 
turbines in the United States. 
Initially, 400 new jobs are 
expected to be created in the 
new wind turbine production 
facility in Hutchinson, Kansas. 
When production begins at this 
facility, Siemens will be able to 
even more effectively meet the 
strong demand for wind turbine 
equipment in North and South 
America in the future.

“The United States already 
is and will continue to be one 
of the world’s fastest growing 
wind energy markets. We are 
thus intensifying our commit-
ment to this green technology 
to further expand our leading 
global position in this field,” says 
Peter Löscher, CEO of Siemens 
AG. “We are already the leading 
green infrastructure giant, and 
by making these investments we 
will become even greener.”

With revenues totaling EUR19 
billion in fiscal year 2008, Sie-
mens now has the world’s larg-
est portfolio of environmental 
technologies. Construction of 
the 300,000 square-foot nacelle 
production facility is scheduled 
to begin in August 2009. The na-
celles to be produced in Kansas 
will weigh 90 tons and the first 
nacelle is expected to be shipped 
in December 2010. All nacelles 
produced in Hutchinson will be 
used in the company’s reliable 
2.3-MW wind turbine product 
family. Initially, the factory’s 
planned annual output is ap-
proximately 650 nacelles, or 
1,500 megawatts (MW).
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“Just two years ago we opened 
a rotor blade manufacturing fa-
cility in Fort Madison, Iowa. By 
expanding our investment in 
Kansas we are strengthening our 
presence in the U.S. and, at the 
same time, we are increasing the 
proximity to our U.S. customers. 
This new location will enable us 
to serve them more rapidly and 
cost-effectively,” says René Um-
lauft, CEO of Siemens Energy’s 
Renewable Energy Division.

Hutchinson is near the geo-
graphic center of the continental 
United States and offers a viable 
workforce and excellent transpor-
tation logistics. The factory will 
include direct loading onto rail, 
which will provide easy access to 
project locations throughout the 
U.S. and Canada. Shipments can 
also be made utilizing the barge 
facilities at the port of Catoosa, 
located 250 miles from the plant. 
Kansas also has excellent wind 
conditions. In terms of wind ener-
gy potential, this centrally located 

state ranks third in the U.S.
Since entering the wind indus-

try in 2004, Siemens has greatly 
expanded its worldwide manu-
facturing network. In addition 
to opening and consequently ex-
panding the wind turbine blade 
manufacturing facilities in Fort 
Madison, Iowa, and Engesvang, 
Denmark, the Danish facilities in 
Brande and Aalborg have been 
expanded, and a new R&D cen-
ter in Boulder, Colorado, was es-
tablished. Siemens’ global wind 
power business has grown from 
approximately 800 employees in 
2004 to more than 5,500 today, 
which equals an increase of ap-
proximately 650 percent. To learn 
more visit www.siemens.com/
energy.

StanLEy pRoto IntRoducES 
ExtRa-LaRGE combo 
WREncHES
Stanley Proto Industrial Tools has 
expanded its already-extensive 
line of combination wrenches 

with the addition of 23 new extra-
large combination wrenches. The 
new wrenches are designed to 
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meet the needs of users in 
heavy industries.

These big wrenches are the 
epitome of heavy duty. They 
come in standard and met-
ric sizes, with openings that 
range from 2 9/16 to 4 in., and 
from 55 to 80 mm. Lengths 
go up to 3 ft., giving users the 
leverage they need to work 
on stubborn fasteners. Heads 
are made from drop-forged 
steel for strength and durabil-
ity. Open ends are precisely 
machined for a firm grip on 

fasteners, while 12-point box 
ends help users work quickly 
and help improve accessibility 
(a 12-point head need only be 
lifted and turned 30 degrees to 
re-engage the fastener, while 
a six-point head requires a 
60-degree turn.) The inside 
edge of the box end is counter-
sunk around its entire circum-
ference to ensure that it slips 
easily onto fasteners. Wrench-
es with opening sizes up to  2 
¾ inches or 70mm come with 
a satin finish, protecting them 

against corrosion and provid-
ing a slip-resistant grip. Larger 
sizes have a non-reflective 
black oxide finish for use 
where non-plated products 
are required.

Stanley Proto Industrial 
Tools has been making dura-
ble, high-quality hand tools for 
more than 100 years, having 
grown from a small machine 
shop to a worldwide supplier. 
Its tools are developed accord-
ing to strict ergonomic stan-
dards, with features that let 
users work faster and easier, 
including enhanced shock ab-
sorption and reduced slip. For 
more information contact E. 
(Lenny) Acuna, project coor-
dinator, at (609) 208-2684 or 
(800) 800-TOOL. Send e-mail 
to elinore.acuna@directgroup.
net. Go online to www.stan-
leyproto.com.

nEW appLIcatIonS FoR 
SEcond WInd’S tRIton 
SodaR
WindLogics and Second Wind, 
Inc., have announced that 
WindLogics has purchased 
two Second Wind Triton™ 
sonic wind profilers and plans 
to use the Triton data with 
SCADA data in a new study 
on an operating wind farm. 
Commercially released in 
2007, the Triton has hereto-
fore been used mostly in wind 
resource assessment studies, 
usually in conjunction with 
meteorological tower mea-
surements. “WindLogics is a 
well-respected meteorologi-
cal firm, and we’re excited to 
see them finding new uses for 
the Triton,” says Second Wind 
COO Larry Letteney.

WindLogics is known 
worldwide for providing inde-
pendent wind resource assess-
ment services throughout all 
phases of a project, from stud-
ies through finance and even-
tually operation. “Remote data 
collection is playing a growing 
role in our work,” says Mark 
Ahlstrom, WindLogics CEO. 
“This year WindLogics will 
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be deploying two Tritons at an operating wind 
farm. We’re working with the University of 
Minnesota to use the SCADA and SoDAR data 
to develop a high-resolution model predicting 
wake effects and enabling improved wind farm 
design. The Tritons will provide reliable and 
continuous wind profiles under these complex 
conditions.”

For more information on Second Wind call 
(617) 776-8520 or go online to www.second-
wind.com. Contact WindLogics at (651) 556-
4239 or www.windlogics.com.

Romax tEcHnoLoGy SuppoRtS 
SamSunG’S EntRy Into WInd EnERGy 
maRkEt
Samsung Heavy Industries is to enter the wind 
energy market with the support of technical 
solutions and product engineering company 
Romax Technology. Romax has been selected 
by Samsung to assist in the development of 
its first product, a large-scale onshore wind 
turbine.

The Korean company is determined to bring 
Samsung’s brand of quality design, expert man-
ufacture, and high value to the wind industry. 
As one of the world’s largest shipbuilders and 
with vast experience of heavy industry, Sam-
sung is well placed to enter the wind energy 
market and realize its ambitions to become one 
of the leading suppliers of wind turbines. The 
turbine will be their first product for the wind 
energy market.

A number of specialist companies will work 
on the turbine concept, coordinated by Sam-
sung’s engineering team in Korea. Romax have 
been identified for their experience in gearbox 
design and expertise in drivetrain systems en-
gineering. The UK-based consultancy will pro-
vide dynamic analysis of the drivetrain as well 
as consultancy services for the development of 
key drivetrain components to ensure the final 
design is efficient, robust, and achieves a long 
life.

Romax will use its advanced simulation and 
analysis software, RomaxDesigner, to aid them 
in the development of the drivetrain compo-
nents and will support Samsung through the 
certification process. Throughout the project 
Romax will be working closely with other com-
panies involved in the project, including fellow 
UK consultancy Garrad Hassan, who are devel-
oping the turbine concept and supplying load 
data.

As a new entrant into the global wind tur-
bine market, Samsung needed to ensure its 
new product will get to market quickly. “Time 
is a critical factor for our success in wind en-
ergy and that is one of the key reasons we se-
lected Romax. Not only for their expertise in 

gearbox design and drivetrain analysis, but also 
for their ability to work effectively and quickly 
within our existing engineering team,” says Dr. 
Jaedoo Lee, Samsung project manager.

“It is a great privilege for Romax to work with 
Samsung on their first venture in wind energy,” 
says Andy Poon, director of renewable energy 
at Romax Technology. “Samsung is a globally 
recognized company and well known for qual-
ity and technically advanced products—values 
that align well with the Romax philosophy. We 
are looking forward to delivering Samsung 
quick and effective solutions that will help 
them realise their ambitions in wind energy.”

For more information about Samsung Heavy 
Industries go to www.shi.samsung.co.kr/eng. 
Visit Romax Technology at www.romaxwind.
com.

GE EnERGy’S 2.5-mW WInd tuRbInE to bE 
LauncHEd In noRtH amERIca
Following its successful debut in Europe 
and Asia, GE Energy has announced that its 
2.5-megawatt (MW) wind turbine is coming to 
America. The 2.5xl, which is the latest evolu-
tion of the company’s wind turbine technol-
ogy, will be launched in North America in 
2010. More than 100 of the 2.5-MW machines 
already have been installed in seven countries 
and have compiled more than one million oper-
ating hours. In addition, GE has received more 
than one gigawatt of commitments over the 
next year and a half to provide the 2.5xl wind 
turbine for projects across Europe—enough 
clean, wind-generated electricity to meet the 
needs of more than a million households.

The 2.5xl represents GE’s most advanced 
wind turbine technology in terms of efficiency, 
reliability, and grid connection capabilities. 
The 2.5xl is designed to yield the highest an-
nual energy production in its class and builds 
upon the success of GE’s 1.5-MW wind turbine, 
the world’s most widely deployed wind turbine 
with more than 12,000 now installed. The elec-
trical system design of the 2.5xl, which includes 
a full-power converter, is 50 and 60 Hz com-
patible, which will facilitate the launch of the 
2.5xl in North America. In addition, the 2.5xl 
design allows it to be transported with similar 
equipment as the 1.5-MW. Most of the 2.5xl 
machines for European projects have been 
manufactured at GE Energy’s wind turbine fa-
cility in Salzbergen, Germany, which recently 
was expanded to help meet Europe’s growing 
demand for wind turbines. The 2.5xl units for 
North America will be assembled in Pensacola, 
Florida.

“Despite the economic downturn, we contin-
ue to see opportunities for continued growth 
in the U.S. wind industry and that growth can 



16    JULY/AUGUST   |   2009   

be accelerated as our customers gain greater access to 
the federal economic stimulus funds,” says Victor Abate, 
vice president or renewables for GE Energy. “Adding 
the 2.5xl wind turbine to our technology portfolio for 
North America greatly expands our capabilities to meet 
the diverse needs of our customers in these challenging 
times.”

GE Energy is one of the world’s leading suppliers of 
power generation and energy delivery technologies, 
with 2008 revenue of $29.3 billion. Based in Atlanta, 
Georgia, GE Energy works in all areas of the energy 
industry including coal, oil, natural gas and nuclear 
energy; renewable resources such as water, wind, solar 
and biogas; and other alternative fuels. Numerous GE 
Energy products are certified under ecomagination, 
GE’s corporate-wide initiative to aggressively bring 
to market new technologies that will help customers 
meet pressing environmental challenges. Learn more at 
www.ge.com/energy.

EGc pRESEntS tuRbInE boLtInG 
coSt-SavInGS Study
Loss of clamp load and fatigue are common failure 
modes for bolted joints subject to dynamic loads. These 
conditions are the result of insufficient bolt tension dur-
ing installation tightening, as well as the inaccuracy of 
typical torque/tension methods used to complete peri-
odic in-service fastener checks. Critical bolted joints on 

wind turbines—such as tower, bearing, hub, and 
blade connections—are subjected to complex cy-
clic loads throughout their 20-year life.

By insuring fastener tension is maintained 
within +/-5 percent of design specification, Rota-
Bolt® load-monitoring fasteners assure equipment 
reliability and safety while providing increased 
operation uptime and reduced maintenance cost 
benefits over the life of wind turbine bolted joints.

EGC Enterprises, Inc., manufacturer of Rota-
Bolt fasteners for North America, has published a 
study covering bolted joint tightening and mainte-
nance for wind turbines. The study illustrates the 
cost and time savings benefits, as well as operating 
efficiency improvements achieved via use of Ro-
taBolts. The time and cost required to complete 
typical slew-ring bearing bolt in-service checks 
using standard torque/tension maintenance 
checks (+/-30 percent accurate) are compared to 
RotaBolt fingertip load monitor in-service checks 
(+/-5 percent accurate).

It is clearly shown that by introduction of Rota-
Bolts as standard hardware for important and fre-
quently maintained wind turbine connections, the 
results are increased operating uptime and greatly 
reduced time to perform in-service fastener ten-
sion checks. RotaBolts allow 100 percent tension 
verification in less time than it takes to complete a 
typical 10 percent torque check of standard fasten-
ers. To request a copy of the study contact Brian 
Newcomb at (800) 342-0211 or briann@egc-ent.
com. Go online to www. egc-ent.com. 

amSc SIGnS contRact WItH 
accIona EnERGy
American Superconductor Corporation, a leading 
energy technologies company, announces that it 
has received an order worth more than $10 million 
from ACCIONA Energy, a division of ACCIONA 
SA and a world leader in renewable power, for its 
new Dynamic VAR Ride Through (D-VAR RT) 
solution. Building on AMSC’s highly successful 
D-VAR platform, which provides critical dynamic 
reactive compensation required to connect many 
wind farms around the world to the power grid, the 
company’s D-VAR RT product enables individual 
wind turbines to continue operating smoothly by 
“riding through” voltage disturbances on power 
grids that might otherwise interrupt their opera-
tion. The D-VAR RT product meets stringent grid 
interconnection requirements, including Spain’s 
new Procedimiento de Operación 12.3 require-
ment for both existing and new wind turbines.

According to the Global Wind Energy Council, 
Spain was the world’s third largest wind power 
market at the end of 2008, with an installed base of 
more than 16,000 megawatts (MW). Disturbances 
such as momentary voltage dips can disconnect 
many wind turbines and cause instability on the 
transmission grid. Developed by Spain’s transmis-
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sion system operator Red Electrica de España (REE), 
P.O. 12.3 requires that wind turbines remain con-
nected to the grid through such events.

After extensive field testing and operation by an 
AMSC-ACCIONA Energy team at a wind farm with 
one of Spain’s most difficult climates, the D-VAR 
RT solution recently received official certification of 
compliance. ACCIONA Energy has initially ordered 
D-VAR RT solutions for an important amount of 
first-generation “squirrel-cage” wind turbines that are 
currently providing more than 250 MW of electricity 
in Spain to meet P.O. 12.3. AMSC will deliver all of 
the D-VAR RT solutions covered under this contract 
to ACCIONA Energy over the next few months.

The D-VAR RT solution can be installed inside 
or outside the tower of any wind turbine, enabling 
turbine manufacturers as well as wind farm develop-
ers, owners and operators to easily add the systems 
to new wind turbines or retrofit existing turbines. 
Utilizing AMSC’s PowerModule® PM3000W wind 
turbine converter, this scalable  solution is designed 
for a wide range of wind turbines with power ratings 
from 500 kilowatts (kW) up to 10 MW. The powerful, 
cost-effective technology provides low and high volt-
age ride through capabilities to keep wind turbines 
running through grid disturbances. This product is 
based on AMSC’s patented D-VAR platform, which 
is supporting more than 3,300 MW of power at 40 

wind farms around the world.
“With more than 6,000 megawatts of wind power 

installed and more than 15,000 additional megawatts 
in development, ACCIONA Energy is a global clean 
energy powerhouse and is an ideal first adopter for 
our new D-VAR RT solution,” says Timothy Poor, 
AMSC’s vice president of global sales and business 
development. “We see great potential for this prod-
uct in Spain and other countries that adopt similar 
standards in the years ahead as wind power con-
tinues to play a more prominent role in the world’s 
electricity supply.”

ACCIONA Energy has been a renewable energy 
pioneer in its home market for well over a decade. In 
1994, the company established its first commercial 
wind farms. Acciona is currently present in more 
than 30 countries on five continents, making it one 
of the world’s leading wind turbine manufacturers 
and wind farm owners and operators.

As a key player in the Spanish market, ACCIONA 
has contributed decisively to the growth in wind 
energy by developing and adapting innovative so-
lutions that enable wind to become a main energy 
contributor. In this context, Acciona Energy has 
been involved in several technical working groups 
and committees with the aim of developing these 
new ride through standards. For more information 
on AMSC go to www.amsc.com/dvrt.html.  
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conStRuctIon

WHEn tHE GEotEcHnIcaL ExpLoRatIon at a 
planned wind turbine tower location reveals that 
the subsurface conditions are weak and compress-
ible, a deep foundation system consisting of a 
mono-pole or drilled/driven piles is often recom-
mended by the geotechnical engineer. However, 
often the poor soils can be strengthened 
and stiffened economically to enable the 
tower to be constructed on a shallow mat 
foundation. One ground improvement 
technique consists of constructing a regu-
lar pattern of dense aggregate piers within 
the weak soils. This process is referred to 
by several names such as aggregate piers, 
stone columns, or vibro-replacement. Ag-
gregate piers are typically constructed us-
ing one of two tools: a down-hole vibrator, 
or a tamper. Both methods are available 
as a design-build service by specialty con-
tractors.

The vibrator is a specially-built tool 
consisting of a ±18 inch diameter closed 
end steel casing with an internal electric 
or hydraulic motor spinning an eccen-
tric weight. The rotating eccentric weight 
causes the vibrator to oscillate horizon-
tally. The vibrator can be suspended from 
a crane, excavator, or attached to a fixed-
mast drill rig. The vibrator penetrates the 
ground by means of its weight or drill rig 
down-thrust and is assisted by the vibra-
tory energy and, occasionally, water jet-
ting. Aggregate is placed in lifts, each of 
which is compacted by repeated penetra-
tion of the vibrator. This action both den-
sifies the aggregate and laterally displaces 
the aggregate to compress the surround-
ing soils. The vibrational energy will also 
densify surrounding granular strata, which 
enables liquefaction mitigation that is fully 
verifiable with post-construction geotech-
nical field testing.

The tamper is a proprietary tool consist-
ing of a beveled tamper powered by a top-
drive hydraulic hammer. The aggregate 
pier is constructed by vertically compact-
ing one- to two-foot lifts of aggregate with 
the tamper system. Aggregate piers con-
structed in cohesive soils with either tech-
nique perform similarly. However, because 
the tamper applies vertical energy to the aggregate 
rather than horizontal energy, the tamper method 

does not densify surrounding granular strata. This 
lack of soil densification limits the ability to pro-
vide fully-verifiable liquefaction mitigation with a 
tamper.

Aggregate piers do not simply transfer the load 
to a deeper stratum like a traditional deep foun-

dation, but instead work to-
gether with the surrounding 
soil to produce an improved 
composite beneath the foun-
dation. The resulting soil/ag-
gregate composite is much 
stronger and stiffer than the 
original soils, providing in-
creased bearing capacity and 
reduced settlement. If up-
lift resistance is required for 
the foundation, anchor bars 
can be incorporated during 
pier construction and tied 
into the mat foundation. If 
additional uplift resistance 
beyond that provided by the 
piers is required, soil or rock 
anchors can be installed.

A quality control program 
is essential to assure the suc-
cessful performance of an 
aggregate pier foundation. 
Field-scale testing should be 
performed at the beginning 
of the program to verify con-
struction quality and design 
parameters. Consistent pier 
quality is ensured by moni-
toring the construction pro-
cedure and aggregate quan-
tity. If liquefaction mitigation 
is required and granular soils 
are present, post-construc-
tion geotechnical penetra-
tion testing between piers 
is required to verify that 
the required densification is 
achieved.

When properly designed 
and constructed, a mat foun-
dation bearing on aggregate 
piers is an efficient and eco-
nomical alternative to tra-

ditional deep foundation systems for many wind 
turbine sites with difficult soil conditions.   

performed properly, a mat foundation bearing on aggregate piers is an 
efficient and economical alternative to traditional deep foundation systems.

James D. Hussin
Hayward baker, Inc.

James d. Hussin is a director with Hayward baker, Inc., the leading specialty foundation and ground improvement 
contractor. He can be reached at jdhussin@haywardbaker.com. Go online to www.haywardbaker.com. 
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maIntEnancE

oIL IS a kEy LIFE-cycLE dRIvER oF a GEaRbox, 
and proper maintenance is important. The primary 
purpose of oil is to provide lubrication and protec-
tion to rotating mechanical parts such as gears and 
bearings, and it’s used as a coolant for the gearbox 
as well. Each of these components’ life-cycle design 
is based on certain lubricant properties and clean-
liness standards of the oil. Most gearboxes are de-
signed with an independent lubrication system; the 
gearbox lubrication system is designed to circulate 
oil through the gearbox via a motor-pump com-
bination, cooled via a cooler, and filter particles 
through filters in the pump. Maintaining quality of 
the oil by changing typically every two years, re-
placing filters, maintaining oil cleanliness, proper 
records, consistency of maintenance, keeping oil 
in its original state (oil monitoring program), and 
checking oil flow periodically can impact the life of 
the gearbox, under normal conditions, more than 
any other influence. This, coupled with other nor-
mal wind turbine maintenance practice, is the best 
way to ensure extended life.

Oil in a gearbox is designed for wind conditions 
and is specifically approved for wind turbine use. 
An important fact to note is not to mix one type of 
oil with another in a gearbox. In most cases differ-
ent brands of oil are not compatible with another 
brand. 

Brand: Typically, OEMs have a preference for 
the brand and type of oil used. This is based on 
their experiences and testing, as well as gearbox 
manufacturers. However, the perpetual question of 
which oil is better is best based on end user experi-
ence. Winergy, for example, has at least four differ-
ent types of oil approved for use in our gearboxes 
based on several factors. In most cases, however, 
only one brand/type of oil is approved by an OEM 
for use in their turbine. In addition, OEMs approve 
a type of oil so it has consistent use of and per-
formance throughout its supply chain of gearbox 
manufacturers.

Over a period of time, with a large installed base 
and a variety of turbines in a given wind farm or in 
a fleet or portfolio of an end user, the driver for oil 
specification will be end users. With several types 
of oil in a wind turbine portfolio it becomes diffi-
cult to manage oil changes, track maintenance, and 
monitor oil integrity. Not to mention the cost of 
maintaining several types of oil in stock for a fleet 
with a variety of turbines, as well as a risk in train-
ing of staff to ensure the correct type of oil is re-
filled or replaced and not mixed in a gearbox. Plus 

there are also economies of scale or leverage in be-
ing able to standardize on a brand of oil for its fleet. 
All these factors and experience in fleets will drive 
toward end user preference.

Approval: Winergy has an extensive oil quali-
fication program to meet the loads and life-cycle 
design of gearboxes as specified by the OEM. An 
oil approval process is costly and can take up to two 
years based on several factors such as work load, ur-
gency of new oil approval, availability of test stands 
and, more importantly, the demonstrated benefit, 
in a similar application, of a new brand of oil.

Oil is tested for paint/primer compatibility, since 
the oil comes in contact with primer on a gearbox 
in close proximity to gears and bearings, and also 
externally during inspections and maintenance. 
Another area of interaction involves the sealing 
materials in a gearbox to ensure that they do not 
deteriorate due to contact with the oil. Also, load 
tests such as dynamic test under various loads, 
gear micro-pitting, and scuffing. Non-load testing 
factors such as filtration, flow/viscosity tests, tem-
perature range, and interaction with moisture are 
also examined. Bearing life testing is one of the key 
test criterions for approval of an oil by bearing sup-
pliers to ensure compatibility with the material and 
assurance of life-cycle calculation validity. Finally, 
any new brand of oil has to go through field test-
ing to see its impact in real-world application and 
loads.

Each OEM and gearbox manufacturer, as well 
as lubrication companies, are sensitive to mixing 
brands of oil for compatibility and other issues. It 
is best to follow a very extensive process when re-
placing oil with a different brand. One of the key 
elements of this process is a hot flush with the addi-
tion of a concentrated cleaning agent in a light vis-
cosity oil through the gearbox to ensure no residue 
of the previous brand is in the gearing, bearings, 
or pockets of the gearbox, or in the lubrication/
cooling system. The flushing procedure is also im-
portant for the purpose of removing contaminants 
such as sludge from the gearbox and lubrication 
system. There are companies that specialize in 
flushing and proper disposal of oil in compliance 
of various regulatory and local land lease require-
ments. Consult your OEM and/or gearbox manu-
facturer if you are contemplating a change in brand 
of oil. Chances are the brand of oil you want to use 
may be pre-approved by a manufacturer, or they 
can share experience based on data or known per-
formance in the field.   

Lubrication quality is a key driver for gearbox reliability in wind turbines. 
this installment focuses on choosing the best type and how to maintain it.

Parthiv Amin and Shawn Doner
Winergy drive Systems

parthiv amin is president of Winergy drive Systems, and Shawn doner is service sales engineer. 
call (847) 531-7400 or visit www.winergy-ag.com.
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tEcHnoLoGy

GEaRbox RELIabILIty IS a cRucIaL ISSuE for the 
wind energy industry. The gearbox and its support-
ing components (i.e. shafts, generator, brakes, and 
lubrication system) account for roughly 30 percent 
of the turbine’s capital cost, excluding foundations 
and site infrastructure, and the gearbox is the most 
expensive component to repair or replace. Recurrent 
gearbox failures have plagued the industry since the 
technology’s inception, and they continue to pre-
vent turbines from achieving their intended 20-25 
year lifespan. Although gearboxes have evolved over 
the past two decades, failures persist. “The end us-
ers and owner-operators say we’re only getting five 
years, or in some cases three years out of these gear-
boxes,” says Sandy Butterfield, principal engineer at 
the National Renewable Energy Laboratory (NREL) 
and project lead for the U.S. Department of Energy 
(DOE) Wind Turbine Gearbox Reliability Collab-
orative (GRC).

The GRC is a multi-year effort by the DOE Wind 
Program that brings together leading wind turbine 
manufacturers, wind plant operators, gearbox sup-
pliers, and consultants from around the world. Its 
goal is to validate the typical design process—from 
the wind turbine system loads to bearing rating—
through a comprehensive dynamometer and field-
test program. To achieve this the GRC will conduct 
field and dynamometer tests, and analysis on two 
identical 750-kW gearboxes that have been modified 
to reflect current 1.5-MW turbine configurations. 
The gearboxes will be heavily instrumented to mea-
sure all pertinent bearing and gear reactions. One 
gearbox will be tested in a wind turbine in a nearby 
wind plant, and the other on NREL’s 2.5-MW dyna-
mometer at the National Wind Technology Center.

The field tests, planned to begin this summer, will 
show the real bearing reactions under start up and 
shut down transients, high wind operation, control 
induced torque transients, and high nacelle acceler-
ations. The dynamometer tests will try to reproduce 
loads measured in the field on the dynamometer 
and compare internal gear and bearing reactions 
to those measured in the field. Most commercial 
dynamometers can only apply steady torque loads 
instead of the high transient loads and non-torque 
loads that wind turbines actually experience. NREL’s 
dynamometer is capable of applying both torque 
transient loads and non-torque loads. Other aspects 
to be investigated include: 

•  Forced lubrication—New wind turbine designs 
channel lubrication directly to the bearing rac-

es where low revolutions per minute at high 
torque cause a lot of heat and pressure. GRC 
gearbox modifications will include forced bear-
ing lubrication, including the planet bearings, 
which are difficult to reach 

•  Oil cleanliness—New turbines have more ag-
gressive filtration systems. The GRC lubrica-
tion system will have 10-micron filtration in 
the main lubrication loop, 3-micron filtration 
in a low-flow kidney loop, and condition moni-
toring equipment to measure and record par-
ticle counts in the lubrication system during 
operation.

•  Condition monitoring—The GRC turbines will 
incorporate condition monitoring systems that 
implement stress wave, vibration, and lubricant 
monitoring techniques to detect problems that 
could lead to system failure.  

•  Micropitting—Prevalent in wind turbine gear-
boxes, micropitting occurs on gear teeth and 
bearings and can cause bearing failure. 

•  Load distribution—Uneven distribution of loads 
can damage gear and bearing components.

The GRC will also be conducting an analysis 
round robin to validate gearbox design tools. In the 
past wind turbine manufacturers used simple gear-
box models to predict the lifetime performance of 
new designs, but design tools have become much 
more sophisticated, including finite element mod-
els of the gearbox housing, shafts, gears, and bear-
ings. This level of sophistication has been used in 
the automotive industry with great success, but has 
never been validated for wind turbine application. 
The GRC offers researchers a unique opportunity to 
validate these new design tools and processes using 
previously unavailable test data. The final result will 
be a new design guideline developed with the par-
ticipation of all members of the collaborative.

As work progresses, researchers plan to develop 
a GRC Failure Database containing information 
provided by gearbox rebuilding shops that have 
been trained to inspect and disassemble wind tur-
bine gearboxes to preserve crucial failure data. The 
purpose is to provide members of the wind industry 
with information to help prevent failures and avoid 
costly repairs in current and future wind plants.

Gearbox reliability is crucial, and the efforts of the 
GRC are specifically targeted at understanding and 
mitigating this issue to improve reliability, reduce 
costs, and encourage increased deployment of wind 
energy to produce clean electricity.   

Gearbox designers and manufacturers follow stringent standards for designing 
and building gearboxes, but failures persist. this group is seeking a solution.

Kathleen O’Dell
national Renewable Energy Laboratory

kathleen o’dell is a communications specialist with nREL. call (303) 384-6957, e-mail kathleen.odell@nrel.gov, 
or go to www.nrel.gov.
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SmaLLWInd

In oRdER to SaFELy WItHStand the relent-
less forces of Mother Nature, and to provide a 
full service life with minimized maintenance, 
small wind power projects must be designed as 
complete systems, rigorously tested, and pro-
fessionally installed. Consider the following: 
Turbine manufacturers provide rectification 
and control equipment and tower procure-
ment engineering specifications for use with 
their systems. Towers are individually built to 
accommodate a turbine’s head weight, lateral 
thrust at maximum designed wind speed, mass 
offsets, deflection limits, and natural harmonic 
frequencies, to name only a few of the variables 
accounted for. Foundations are engineered to 
specific soil types and are different depending 
on tower type. Inverters and balance of system 
components are different for each system. With 
all these moving parts it is absolutely critical 
that small wind system designers and installers 
carefully consider the entire system as a whole 
prior to procurement and installation.

Turbine size and type should be optimized 
for the desired energy yield. It is unlikely that 
it will be possible to easily upsize or change 
out the turbine head once the tower is assem-
bled, making proper sizing up front important. 
Turbine voltages can run from 12 volts to 400 
volts, depending on whether the machine will 
be charging batteries, driving a water pump, 
heating homes, or connecting to the grid. Tur-
bine voltage will also affect wire sizing, so this 
is also an important component of the plan-
ning process.

Towers are built for small wind systems as 
non-tilting monopoles: tilt-up monopoles op-
erated with a gin pole, hydraulics, or screw 
jacks; self supporting lattice; guyed lattice; 
guyed flanged pipe monopoles; scissor towers 
resembling a trebuchet, and many others. Each 
tower should be designed to work with the tur-
bine selected, and it should be provided with 
stamped engineering documents for the tower 
and foundation design valid in the state the 
system is being installed in. Tower selection 
is based on the site, which always dictates the 
height of the tower based on surface rough-
ness, turbulence, proximity to obstacles, and 
often zoning laws and regulations. Each design 
has its advantages, ranging from affordability 
to ease of install, but long-term O&M should 

rank high on the list of considerations to avoid 
expensive crane visits each year for routine 
turbine maintenance. For this reason climbing 
facilities—including tie-off locations, climb 
safety devices, and work platforms—are a 
must on taller towers, which may also be avail-
able with hinged tower feet to allow for easier 
dropping of the machine for repairs beyond the 
scope of a tower climber. Where shorter tow-
ers can successfully be used, tilt-up monopoles 
up to 60 feet are available with some being hy-
draulically actuated, making the job of rais-
ing and lowering the system easier, more ef-
ficient, and safer than with traditional gin pole 
systems. Foundation designs vary with each 
tower and can be concrete, driven pile, screw 
pile, or even mobile designs, in some cases. In 
each case the foundation must be matched to 
the tower height and design, and the loading 
characteristics of the turbine used.

Balance of system components are different 
with each project. For battery charging sys-
tems they can be as simple as a charge control-
ler and dump load resistor, or as complex as a 
mid voltage turbine with a voltage limiter and 
third party charge controller to accommodate 
longer wire runs where needed. Straight grid 
tie systems usually involve the manufactur-
er’s controller/rectifier, a voltage limiter, and 
a third party UL 1741 listed inverter. Hybrid 
systems allow for interaction between the tur-
bine, a solar system, backup generator, battery 
bank, and the grid. All systems require strict 
adherence to NEC standards for disconnects, 
markings, grounding, and fusing, as well as 
utility interconnection standards in the case of 
grid tied systems.

Each piece of the system affects the entire 
project. Careful consideration of the inter-
related nature of the individual components, 
their suitability for the application, and assur-
ance of their compatibility with each other are 
crucial to success. Building a small wind busi-
ness requires efficiency and thorough prepara-
tion. Unexpected issues arise with each job, but 
through careful planning and cooperation with 
your supplier, they can be minimized. Adopt a 
whole-systems approach and your small wind 
projects will flow more smoothly, resulting in 
quicker and more-profitable installs with re-
duced operation and maintenance costs.  

Whole-systems thinking is critical to the success of small wind installations since 
each decision informs and affects all the rest, from foundation to maintenance.

Michael Miller
dc power Systems

michael miller is wind division sales manager for dc power Systems. call (707) 395-3173, 
e-mail mmiller@dcpower-systems.com, or go to www.dcpower-systems.com.
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pRoFILE

Interested in entering the wind-energy market, have experience 
manufacturing large parts, but none specific to producing turbines? 
Here’s the company you need to call. 

amSc WIndtEc By Russ Willcutt
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tHE SynERGy WaS appaREnt FRom tHE StaRt.  
American Superconductor (AMSC) had been selling 
electrical systems and core components such as its 
PowerModule power converters for wind turbines for 
many years. One of its customers, Windtec—which 
is based in Austria—had begun incorporating these 
systems into the wind turbines it designs.  Windtec 
was an engineering firm that provided technology 
and licenses to third parties who wanted to manu-
facture their own wind turbines. Orders to Windtec 
licensees began to increase, soon attracting the notice 
of AMSC’s executives. “The result is that American 
Superconductor acquired Windtec in 2007,” accord-
ing to Jason Fredette, director of investor & media 
relations, “and the wholly-owned subsidiary was re-
named as AMSC Windtec GmbH.”

Since 1995 Windtec has been involved in develop-
ing complete electrical and mechanical designs for 
wind turbine applications, but the resources provided 
by AMSC have allowed it to accelerate its growth, in 
particular with the supply of wind turbine converters 
and electrical systems. “Windtec has a really unique 
set of offerings,” he says. “They design wind turbines 
from the ground up, of course, but they can also step 
in and help a company interested in building their 
own turbines to scale up for operation. Windtec will 
license its turbine designs to the company, help design 
its manufacturing line, and then identify suppliers for 
all the key components they’ll need, including gear-
boxes, blades, towers, etc. They will help the company 
localize these supply sources to keep costs down, and 
also assist in getting reference turbines up and run-
ning and certified.”

Fredette describes the perfect candidate for this 
service as an established heavy industry business with 
a strong balance sheet that knows how to build large 
pieces of equipment but lacks the specific expertise 
required to enter the wind industry. “These compa-
nies have an option,” he says. “They can build their 
wind business from scratch, searching for engineers 
to create proprietary designs for them and teams to 
assemble them, which takes quite a bit of time, or they 
can work with Windtec, license its designs, and liter-
ally begin production in about a year.”

Proof of this model’s success is easy to quantify, 
especially in light of the huge companies that are cur-
rently involved. Since 1996 Fuhrländer, of Germany, 
and China’s Sinovel have collaborated with Windtec, 
with the former manufacturing 600 kW and 1.5 MW 
turbines while the latter currently produces 1.5 and 3 
MW turbines, with a 5 MW model to be launched in 
the coming years. Among the remaining 12 Windtec 
customers under contract are Wikov of the Czech Re-
public, Korea’s Doosan Heavy Industries and Hyun-
dai Heavy Industries, India’s Inox and Ghodawat 

Energy, Turkey’s Model Enerji, TECO of Taiwan, and 
AAER Wind Energy, which is located in Canada. All 
are focusing on manufacturing turbines between 1.5 
MW and 3 MW in size, and all are scheduled to com-
mence production by the end of 2011. “Windtec had 
three of these customers when it joined us,” Fredette 
says, “and the rest of them have come onboard since 
that time.”

AMSC in its entirety is heavily involved in R&D, 
focusing on a number of different areas pertaining to 
wind-power generation. As more output is required 
from wind turbines, it will become increasingly im-
portant to discover ways of delivering more power 
without adding to the weight of structural turbine 
components, such as the generator. As a manufactur-
er of superconductor wire, AMSC has developed an 
especially power-dense material that will allow gen-
erators to produce much more power—sometimes 
doubling its output—without adding significant 
weight. In partnership with TECO-Westinghouse—
manufacturer of motors and generators for the 
wind market—it is helping design superconductor-
enhanced generators. Begun in 2007, it is partially 
funded by an award from the National Institute of 
Science and Technology’s Advanced Technology 
Program. Another research initiative focuses on de-
signs that have been developed by AMSC Windtec 
for a 10 MW wind turbine, with tests currently being 
conducted into its economic feasibility. This project, 
known as a Cooperative Research and Development 
Agreement (CRADA), involves the U.S. Department 
of Energy’s National Renewable Energy Laboratory 
(NREL) and its National Wind Technology Center. 

“Our objective is to have these 10 MW turbines 
available to the market by the time offshore wind re-
ally starts taking off,” according to Fredette. “We’re 
thinking that market will be growing nicely by the 
middle of the next decade, and that’s when we’d like 
to have this technology available.”

Separate from its Windtec subsidiary, American 
Superconductor already offers a variety of innova-
tive technologies for the wind industry, including its 
D-VAR system, which is comprised of an integrated 
array of PowerModule power converters, regulating 
and stabilizing voltage levels by injecting dynamic re-
active power, or VARs, into the power grid at precise 
locations where voltage problems can occur.

Windtec’s roster of customers is fairly full, and 
there are only so many licenses available, so it must be 
very selective in selecting the companies it chooses to 
work with. Still, it is always looking for new opportu-
nities—in the United States, in particular. “But you’ve 
got to be very serious about this and willing to act 
aggressively,” Fredette says. “You don’t approach the 
wind-turbine manufacturing market tepidly.”  

call +43 (0) 463 444604-0, e-mail sales@amsc-windtec.com, or go online to www.amsc-windtec.com
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GEttInG SmaRt about 
WInd and dEmand 
RESponSE

vaRIabILIty and uncERtaInty have been an 
inherent part of managing the power system 
since Westinghouse and Edison built the first 
central station power plants in the late 1800s. 
While power system engineers have developed 
a number of supply-side mechanisms to keep 
electricity supply and demand in balance dur-
ing the intervening century, recent technolog-
ical advances have made it possible to use de-
mand-side assets like demand response (DR) 
resources for this purpose as well. Though not 
essential for achieving high levels of wind pen-
etration, smart grid technologies can help grid 
operators accommodate the incremental vari-
ability and uncertainty added by wind energy 
in a more efficient and cost-effective manner.

WInd EnERGy and GRId vaRIabILIty
To understand how demand response and 
smart grid technologies can facilitate wind in-
tegration, it is important to understand how 
wind energy is integrated with the grid today. 
Wind energy is a variable resource—its output 
varies depending on the wind speed. While 
wind energy output can be predicted with a 
high degree of accuracy through the use of 
wind energy forecasting, there is always some 
uncertainty about future wind output simply 
because weather systems are not perfectly 
predictable.

However, it is important to keep in mind 
that there is already a huge amount of variabil-
ity and uncertainty on the power grid today, 

Smart grid technologies can help operators 
accommodate the incremental variability 
and uncertainty added by wind energy in a 
more efficient and cost-effective manner.

By Darren Brady and Rob Gramlich

darren brady is senior vice president and coo of Enernoc, Inc. (www.enernoc.com), and Rob Gramlich is 
senior vice president for public policy at the american Wind Energy association (www.awea.org).
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with demand for electricity fluctuating dras-
tically with changes in the weather and sup-
ply dropping unexpectedly as power plants 
experience outages that can instantaneously 
take 1,000 megawatts or more of supply of-
fline.

Grid operators continuously accommodate 
this variability and uncertainty by increas-
ing and decreasing the output of flexible 
generators—power plants such as hydroelec-
tric dams or natural gas plants that can rap-
idly change their level of generation. These 
flexible resources are known as “operating 
reserves.” Instead of backing up each power 
plant with a second power plant in case the 
first one suddenly fails, grid operators pool 

reserves for the whole system to allow them to 
respond to a variety of potential unexpected 
events.

System operators use two main types of oper-
ating reserves: “spinning reserves” (regulation 
reserves plus contingency spinning reserves), 
which can be activated quickly to respond to 
abrupt changes in electricity supply and de-
mand; and “non-spinning reserves” (including 
supplemental reserves), which are used to re-
spond to slower changes. Spinning reserves are 
typically power plants that are held below their 
maximum output level so that they can rapidly 
increase or decrease output as needed. Hydro-
electric plants and combined cycle natural gas 
plants are typically the first choice of system 
operators for spinning reserves because their 
output can be changed rapidly with only mini-
mal declines in efficiency.

Non-spinning reserves are inactive power 
plants that can start up within a short period 
of time (~10-30 minutes), if needed. These are 
typically hydroelectric or single-cycle natural 
gas turbines because of their rapid and efficient 
start-up capabilities. Usually, non-spinning re-
serves that are made available are not actually 
used, as they are only activated if there is a 
large and unexpected change in electricity sup-
ply or demand. As a result, the emissions and 
fuel use associated with slower-response non-
spinning reserves are even lower than fast-re-
sponse spinning reserves. Consequently, slow-
er-response non-spinning reserves are much 
less expensive than second-to-second spinning 
regulation reserves. In New York State, for ex-
ample, 30-minute non-spinning reserves are 
less expensive by a factor of 50 on average. 

The same operating reserves that are used 
to accommodate non-wind variability and un-
certainty are used to accommodate the added 
variability and uncertainty that comes with 
high penetrations of wind energy. While add-
ing large amounts of wind energy to the elec-
tric grid may make it necessary to increase the 
quantity of reserves that need to be held ready, 
the increase in needed reserves is typically 
modest, in part because changes in aggregate 
wind generation often cancel out uncorrelated 
changes in electricity demand.

Dozens of peer-reviewed studies have unani-
mously concluded that there are no techni-
cal barriers to achieving high penetrations of 
wind energy, but rather only modest increases 
in system operating costs related to the need 
to hold additional reserves. These studies have 
found that the costs of integrating wind energy 
penetrations of 10-20 percent or more with the 
electric grid are typically less than half of a cent 
per kilowatt-hour ($0.005/kWh), or about 10 
percent of the average wholesale cost of wind 
power. 
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Another reason why these costs are low is 
that changes in the total energy output from 
wind turbines spread over a reasonably large 
area tend to occur very slowly. While occa-
sionally the wind speed may suddenly change 
at one location and cause the output from a 
group of turbines to fluctuate rapidly, regions 
with high penetrations of wind energy tend 
to have hundreds or thousands of turbines 
spread over hundreds of miles. As a result, it 
typically takes many minutes or even hours 
for the total wind energy output of a region 
to change significantly. This makes it possible 
for utility system operators to primarily ac-
commodate wind’s added variability through 
slower-response non-spinning reserves, which 
as established above are much less expensive 
than second-to-second spinning reserves.

These wind integration studies, as well as 
decades of grid operating experience in Euro-
pean countries with high penetrations of wind 
energy, unanimously support the conclusion 
that high penetrations of wind energy can be 
accommodated through the use of conven-
tional reserves. These studies have concluded 
that wind integration is a cost issue—not a 
reliability issue—and there are no technologi-
cal barriers to achieving higher wind penetra-
tions. That said, smart grid applications such 
as DR can play a valuable role in making the 
grid more flexible, thus reducing the cost of 
accommodating all types of variability, includ-
ing that introduced by wind energy.

dEmand RESponSE FacILItatES 
EconomIcaL IntEGRatIon
Demand response resources are well poised to 
provide grid operators with low-cost, efficient 
flexibility to handle variability on the power 
system, including incremental variability in-
troduced by wind energy.

Demand response is increasingly providing 
grid operators and utilities with more flexibil-
ity in their control rooms. Whereas in the past 
DR was equated with interruptible tariffs that 
could rarely be called or relied upon, today’s 
technology-enabled DR is providing dispatch-
ers with an additional option to address both 
planned and unforeseen system needs.

As explained previously, wind energy output 
tends to be relatively constant over periods of 
time less than 10 minutes, with significant 
variations only tending to occur over periods 
of 30 minutes or more. These characteristics 
match nicely with the capabilities of most de-
mand response resources, making them ide-
ally suited to accommodate the incremental 
grid variability added by wind energy. Rather 
than procuring traditional supply-side gen-
eration to provide operating reserves, systems 
planners are better served to procure demand 

response resources that can provide similar 
operational characteristics with a smaller en-
vironmental footprint and at a lower cost.

Demand response resources have been 
proven to be able to participate in 10-min-
ute response reserves markets with strenuous 
rules and performance standards, such as the 
PJM Interconnection’s Synchronized Reserves 
Market and the Electric Reliability Council of 
Texas’s (ERCOT) Load Acting as a Resource 
program. In fact, most major grid operators 
are now procuring DR to provide such re-
serves products. The Independent System Op-
erator of New England (ISO-NE) is continuing 
its Demand Response Reserves Pilot, and the 
New York ISO has implemented its Demand 
Response Ancillary Services Program.

For the rare occurrences when there are 
large and unexpected fluctuations in electric 
supply or demand, whether caused by load 
forecast errors, unanticipated wind fluctua-
tions, or conventional generation or trans-
mission failures, DR again can be of service. 
Demand response resources played an impor-
tant role in accommodating unexpected vari-
ability on Texas’ power grid on February 26, 
2008, when an event was largely caused by an 
unexpected increase in electricity demand. 
While initial reports blamed this variability 
on an unanticipated decrease in wind output, 
it subsequently became clear that an increase 
in electricity demand combined with the fail-
ure of conventional generation to come online 
as scheduled were larger contributing factors.   
Regardless of the cause of the event, demand 
response resources were deployed and able to 
quickly and efficiently accommodate the un-
expected variability.

Equally important, all major electric grids 
in the U.S. have significant amounts of emer-
gency demand response resources, able to re-
spond to capacity shortfalls or other system 
contingencies. While many emergency-based 
DR programs have day-ahead dispatch op-
tions, an increasing number can be activated 
within 30 minutes or less, such as the ISO-NE 
Real-Time Demand Response program or ER-
COT’s Emergency Interruptible Load Service.

In addition, utilities throughout the coun-
try are purchasing DR with characteristics 
that combine aspects of short-term reserves 
programs and emergency programs. These 
programs, sometimes called peaking alterna-
tive demand response, are procured in lieu of 
building a new combustion turbine or sign-
ing a power purchase agreement with an in-
dependent generator. With response times as 
short as 10 minutes, and the ability to call the 
resource for as much as 100 hours per year, 
these programs are an increasingly common 
and flexible resource that can serve to comple-
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can force wind generators to curtail their output by pitching 
the wind turbine blades out of the wind. Wasting free, zero-
emissions energy is an undesirable outcome. Demand response 
tools can help solve this problem by shifting peak energy use to 
off-peak hours when wind output tends to be higher.

For short periods of low demand and high wind availability, 
DR technologies can temporarily increase load and utilize the 
wind resource. For example, cold storage facilities or HVAC 
systems could be triggered to “pre-cool,” adding demand when 
there is excess power and reducing the need to cool the build-
ing during daytime periods.

Such activity could be “dispatched” like a traditional DR event 
through new programs or encouraged through new innovative 
rate structures that pair “smart rates” with smart meters. While 
many commercial and industrial customers already have inter-
val metering and are exposed to some type of dynamic pricing, 

ment grid variability in regu-
lated, vertically-integrated 
utility systems. Importantly, 
unlike some of the open mar-
ket programs, which have 
specific operational triggers, 
these utility programs often 
grant significant amounts of 
flexibility to the control room, 
giving operators the ability to 
dispatch these programs at 
their discretion. Like open-
market emergency programs 
(and unlike spinning/non-
spin reserves programs), these 
utility DR programs can shift 
loads for hours of time, which 
is important when addressing 
forecasting errors. 

FutuRE SmaRt GRId 
appLIcatIonS
Smart grid technologies will 
further facilitate wind inte-
gration in a variety of ways. 
Most apparent is the abil-
ity for technological advance-
ments to improve demand 
response solutions. While 
some DR providers today al-
ready can automate complex 
commercial and industrial 
end-user loads and integrate 
their control into building 
management systems, smart 
grid technology will expand 
the types and manners of 
loads that can be controlled. 
Dynamic control solutions 
that maximize the amount 
of DR capacity available and 
minimize its response time, 
all while making participa-
tion easier and less obtrusive 
to customers, will ensure that 
there is an increasing amount 
of high-quality demand re-
sources able to complement 
wind.

An additional area where 
demand-side resources can 
complement wind energy is 
by reshaping system load to 
better match that of the wind 
resource. With today’s inflex-
ible power system and outdat-
ed transmission grid, in many 
regions the supply of electric-
ity exceeds demand at night or 
other periods of low demand. 
This can cause low or even 
negative power prices, and 
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almost no residential or small 
commercial customers are 
similarly equipped. With ad-
vanced metering infrastruc-
ture fully deployed, customers 
of all rate classes can be put 
on innovative rate structures 
that discourage consumption 
when the grid is stressed and 
encourage it when the grid is 
not. Consider a critical peak 
pricing (CPP) rate that also 
included a wind power pricing 
(WPP) rate that was activated 
during periods of low demand 
and high wind availability. Just 
as customers on CPP rates see 
a spike in prices during peri-
ods of peak demand, custom-
ers on a CPP/WPP rate would 
also see a reduction in price 
during particularly gusty peri-
ods at night. Commercial and 
industrial DR providers would 
work with their customers to 
automate load control in re-
sponse to such price signals, 
as they do today in response 
to high prices. In the future, 

DR providers and homeowners themselves will also likely have 
more loads available at off-peak times that can be called up—
electric vehicles.

In addition to facilitating the deployment and use of DR, 
smart grid technologies can also be used on the transmission 
system itself and in power system control rooms to make the 
grid more flexible and better able to accommodate variability. 
“Smart” computing and communications technology, includ-
ing both hardware and software applications, can facilitate the 
following operational changes that will greatly improve the 
flexibility of the power system:

•  Faster resource dispatch intervals: Scheduling and dis-
patching power plants and demand response resources for 
5-minute, 10-minute, or 15-minute periods, instead of for 
the hourly periods used in many regions, can greatly re-
duce the cost of accommodating intra-hour variability on 
the power system. One wind integration study calculated 
that 10-minute scheduling reduces wind integration costs 
by 40 to 60 percent relative to hourly scheduling.  Simi-
larly, power flows on transmission lines can be dynamically 
scheduled to better accommodate intra-hour variability.

•  Virtual balancing area consolidation: By allowing excess 
electricity supply in one region to be netted out with inade-
quate supply in a neighboring region, the cost of accommo-
dating variability on the grid can be greatly reduced. This is 
particularly true for regions with high wind penetrations, 
as changes in wind output in one region are typically not 
highly correlated with changes in another region.
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•  Better integration of wind 
energy forecasting: While 
current wind energy fore-
casting techniques are ad-
vanced, smart grid tech-
nology can help better 
integrate forecast results 
into power system opera-
tional decisions, allowing 
reserves to be allocated 
more efficiently.

•  Dynamic line ratings: 
Ambient weather condi-
tions such as wind speed 
are not taken into ac-
count when calculating 
the transfer capacity of a 
transmission line, which 
decreases as temperature 
increases. Tension moni-
tors on transmission lines 
can determine the real-
time capacity of a line, 
and smart grid technol-
ogy can communicate the 
results to grid operators. 
This will allow more pow-
er to be safely loaded onto 
transmission lines during 
periods when the wind 
speed is higher, which will 
also tend to be periods 
when wind energy output 
is higher.

makInG tHE GRId SmaRtER
Policymakers at a variety of 
levels—including the staff 
of state Public Utility Com-
missions, the Federal Energy 
Regulatory Commission, and 
the Department of Energy—
can play an important role in 
ensuring that resources and 
other incentives are directed 
towards the smart grid tech-
nologies that hold the most 
promise for making our power 
system cleaner and more ef-
ficient. The technologies dis-
cussed in this article, namely 
technologies that facilitate 
greater use of demand re-
sponse as well as transmis-
sion-level technologies that 
enhance the flexibility of the 
power system itself, have tre-
mendous potential for facili-
tating wind integration while 
making the power grid more 
efficient for all users.  

1)  based on average ancillary services prices from november 13, 2007 to 
november 12, 2008, available at www.nyiso.com/public/market_data/
pricing_data/dam_ancillary.jsp

2)  For a library of these studies, see www.uwig.org/opimpactsdocs.html
3)  While wind output gradually decreased over the course of several 

hours that afternoon, wind output was constant, or gradually increas-
ing, over the actual hour when electricity demand began to exceed 
supply. moreover, the gradual decrease in wind output was accurately 
forecast at least a day in advance, but unfortunately the wind forecast-
ing system was only in pilot testing phase and not yet integrated into 
system operations at that time. For more information, see ERcot’s re-
port on the incident: interchange.puc.state.tx.us/Webapp/Interchange/
documents/27706_114_577769.pdF

4)  See www.uwig.org/avistaWindIntegrationStudy.pdf.
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WInd dRIvE tRaIn 
RIdE-tHRouGH 
pERFoRmancE

aS WInd tuRbInES bEcomE a significant part 
of our electrical generation capacity, it is in-
creasingly important that the performance of 
the wind turbine is similar to the performance 
of our conventional power generators. Both 
hydro and nuclear power generators and coal 
fired and natural gas fired generation plants 
utilize conventional synchronous generators. 
Reactive power injection in these traditional 
power generators is determined by control-
ling the excitation current of the generator. 
Also, since most electric loads are inductive, 
thereby absorbing inductive reactive power, 
the traditional power plant is normally inject-
ing reactive power to help support the system 
voltage and balance the reactive power in the 

system. These same grid support features, as 
well as ride-through capabilities, are now also 
required from wind turbines, and the actual 
performance depends very much on the type 
of wind turbine drive train the wind turbine 
manufacturer has selected. The most common 
drive train used at the moment is the so-called 
doubly fed system shown in fig. 1.

A newer wind turbine drive train technology, 
using a permanent magnet synchronous gen-
erator in combination with a full power con-
verter, is increasingly becoming more popular 
in the wind turbine industry. The very largest 
wind turbine manufacturers in the world have 
all introduced this newer permanent magnet 
generator technology for wind turbine appli-

The permanent magnet synchronous 
generator, combined with a full power 
converter from The Switch, offers stellar 
fault ride-through performance, efficiency, 
and reliability.

By Anders Troedson

anders troedson is vice president and general manager of emerging businesses at the Switch 
controls and converters, Inc. call (603) 886-9010 x105, e-mail anders.troedson@theswitch.com, or 
go to www.theswitch.com.
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cations. Several factors—including improved grid 
fault ride-through capability and higher low speed 
efficiency, as well as lower maintenance require-
ments—are all factors driving this technology 
shift. In this paper we will further study the actual 
ride-through results achieved from full scale field 
tests on a large wind turbine using a permanent 
magnet generator with full power converter.

GRId codE REQuIREmEntS
Utility Grid Code requirements are frequent-
ly referencing the guidelines defined by E.ON 
(E.ON, Grid Code—High and extra high voltage. 
Bayreuth 2006, E.ON Netz GmbH) for grid inter-
face requirements, which are applicable to wind 
turbines. Fault ride-through (FRT) is one of the 
key requirements of these grid codes. The FRT 
requirements define how deep and long the grid 
voltage dips have to be managed by the turbine 
drive train and its power converter. Requirements 
for capacitive reactive current injection are also 
defined in this standard. The main function of the 
injected reactive current is to the support grid 
voltage during the voltage dip event.

poWER SyStEm compaRISonS
Full power converters (FPC), combined with 
permanent magnet synchronous generators 
(fig. 2), represent the newest technology in 
wind power market. FPC has many advantag-
es compared to older technologies. The main 
advantages of FPC during FRT events are the 
fully decoupled and separately controlled grid 

Fig. 1: the common doubly fed wind generator 
(dFIG) drive train. typically some 70 percent of the 
generated power is fed directly from the genera-
tor stator winding to the grid transformer. the re-
maining 30 percent of the power is controlled by a 
reduced size (30 percent) power converter, which 
also is used to control the output power from the 
stator winding via the rotor winding.
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currents and generator torque. This means 
that the active and reactive grid currents, 
respectively, can be set at the most advanta-
geous levels for ride-through during a FRT 
event. The generator torque can be precisely 
controlled, which helps to control the DC-link 
voltage in the converter. Therefore, the FPC 
is a very robust and flexible topology, and the 
software-based control algorithms are easy to 
implement. From a hardware design stand-
point it is usually also necessary to add over-

voltage protection in the DC link in the form 
of a brake chopper unit to further prevent DC 
over-voltages during a sudden grid event. As 
mentioned previously, the doubly fed induc-
tion generator (DFIG) drive train (fig. 1) has 
been the most commonly used wind turbine 
drive train topology so far.

Compared to the permanent magnet gen-
erator and its FPC, the DFIG requires ad-
ditional protection circuits and components 
such as a so-called crowbar in the rotor circuit 

Fig. 2: the picture shows the principle of the permanent magnet wind generator drive train with 
its full power converter, which rapidly is becoming the preferred drive train technology for modern 
wind turbines.
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and a static switch in the stator circuit. These are typically 
required to achieve acceptable FRT during a grid event. 
Without these protection circuits, the behavior during fast 
transients and voltage dips can be unexpected. Despite 
these additional components, the reactive current injection 
capacity for the DFIG is usually insufficient to meet the lat-
est grid code requirements. This is because the DFIG drive 
train has a reduced power converter with a reactive current 
injection capacity of only about 30 percent.

tEStInG and RESuLtS
Special field measurements have been performed to verify 
the FRT capabilities of The Switch’s FPC drive train on an 
actual operating wind turbine. The voltage dip was gener-

Fig. 3: voltage dips requirements according to E.on ‘06. the 
wind turbine has to ride trough voltage dips events as de-
fined by the red line.

Fig. 4: the main results of FRt measurements during a 
created actual grid event using a full power converter.
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ated by using large phase to ground switched 
inductors on the medium voltage side of the 
turbine’s step-up transformer. The actual 
grid voltage during the voltage dip event is 
25 percent of the nominal grid voltage at the 
connection point, without the supporting ef-
fect of The Switch’s full power converter. The 
active power from the wind turbine before 
the dip event was approximately 80 percent 
of nominal. The results can be found in fig. 4, 
showing that the FPC drive train rides trough 
the voltage dip event without any problems. 
Close to nominal reactive power is produced 
during the voltage dip, which improves the 
actual voltage level in the point of common 
coupling of the wind turbine. The generator 
torque is rapidly ramped down to avoid over-
voltages in the converter DC-link.

In summary, the permanent magnet syn-
chronous generator combined with a full 
power converter offers the best fault ride-
through performance, the highest efficiency, 
and the most reliability of modern wind tur-
bine drive trains.  

Fig. 5: these pictures show a permanent magnet 
and synchronous generator (top) and its 1.6 mW full 
size power converter (bottom).
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WInd tuRbInE 
GEaRbox  
duRabILIty

tHE RELIabILIty oF WInd tuRbInES is a ma-
jor issue for the industry. Wind turbine fail-
ures can be extremely costly in terms of repair 
costs, replacement parts, and in lost power 
production due to downtime. Generally the 
gearbox is not the most likely component to 
fail in a wind turbine, but a gearbox failure can 
have a major effect on the turbine availability. 
If a gearbox failure occurs, the lead time on re-
placement components such as large bearings 
or gears can be significant. If the wind turbine 
is offshore, there can be added complications 
and delays associated with needing a suitable 
maintenance vessel, lifting apparatus, and the 
right weather conditions before any mainte-
nance can take place.

If a gearbox failure occurs, forensic analysis 
of the failed components allows us to under-
stand the failure mode and the root cause be-
hind a failure. Romax Technology undertakes 
forensic analysis using a combination of expert 
knowledge in bearings and wind turbine gear-
box design, as well as a range of software simu-
lation tools to provide detailed gearbox analy-
sis. As the wind turbine industry matures, an 
increased understanding of failure modes and 
root causes means that we can guard against 
gearbox failures at the design stage.

Wind turbine gearboxes are generally de-
signed using a range of different software 
simulation tools, computer models, and calcu-
lation methods. Models applied across the in-

The experts at Romax Technology discuss 
the impact of gearbox housing and planet 
carrier flexibility on wind turbine gearbox 
durability.

By John Coultate, Ph.D.

John coultate, ph.d., manages wind turbine drivetrain consultancy and analysis projects at Romax 
technology. to learn more call +44 (0) 115 951 8878, e-mail sales_wind@romaxtech.com, or visit 
www.romaxtech.com.



   windsystemsmag.com      43    

dustry range in complexity from simple gear 
contact models and bearing stiffness models 
to fully-fledged whole system simulations. 
Our RomaxDesigner software allows us to 
generate full gearbox and drivetrain models 
that incorporate all major component inter-
actions and flexibilities. Non-linear bearing 
models, gear mesh models, shaft deflections, 
gearbox housing deformations, and interac-
tions with the nacelle bedplate and gearbox 
mounts can all be considered in a single, 
fully-coupled analysis. By calculating accu-
rate operating loads and misalignments for 
each gear and bearing in the system we can 
determine gear and bearing stresses and pre-
dict individual component lives. Complex in-

teractions in planetary gear sets are accurately 
modelled, allowing us to calculate load sharing 
between each planet gear load path.

The question remains: What level of detail is 
required in a model to accurately represent a 
wind turbine gearbox? Simple models are use-
ful because they can be quickly and easily used 
to test different design concepts, but the only 
way to reliably capture all of the component 
interactions is to use a single fully-detailed 
model. Currently, wind turbine gearbox design 
standards do not explicitly recommend the 
consideration of gearbox housing flexibility or 
planet carrier flexibility in the design process. 
However, in operation, each element will flex 
under load. We conducted detailed research at 
Romax Technology to investigate the influence 
of different flexibilities within a gearbox and 
drivetain model and assess their impact on the 
predicted durability of the gearbox.

The drivetrain and gearbox model used for 
this research is based on the gearbox currently 
being utilized by the Gearbox Reliability Col-
laborative (GRC), a research program led by 
the National Renewable Energy Laboratory 

Fig. 1: the fully detailed Romaxdesigner soft-
ware gearbox and drivetrain model.

Fig. 2: the planetary and parallel gear stages 
in the fully detailed Romaxdesigner gearbox 
model.
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(NREL). Field and dynamometer tests are being performed 
in order to build up a complete understanding of the behav-
ior of the gearbox. Results from these tests will be used to 
support the predictions made using our simulation models. 
The gearbox itself is rated at 750kW and consists of a single 
planetary gear stage and two parallel helical gear stages.

Four gearbox and drivetrain models of differing com-
plexity were created for this research. All models included 
flexible shafts and accurate representations of the gears 
including detailed gear contact models and mesh stiffness. 
The simplest of the four models included simple bearing 
models with linear stiffness and no clearance, a rigid planet 
carrier, and no housing flexibility. The second model was 
similar, but all of the bearings were replaced by non-linear 
bearing models incorporating flexible raceways, clearances, 
and detailed contact mechanics. The third model was more 
detailed again, this time including a flexible planet carrier 
as well as the detailed non-linear bearing models. The final 
model was fully detailed and included flexible housing as 
well as the non-linear bearings and flexible planet carrier. 
Fig. 1 shows the fully detailed gearbox and drivetrain mod-
el, and fig. 2 shows the planetary and parallel gear stages 
inside the detailed gearbox model.

There are many factors in a design that can influence 
gear life, but a potentially major contributor to poor gear 
life is high misalignment between meshing gears. The four 
gearbox models were analyzed under a simulated load of 
100-percent torque, and simulated rotor weight acting on 
the mainshaft and the misalignment of each gear mesh was 
calculated. Fig. 3 shows an example of deflection analysis 
using the fully detailed gearbox model in RomaxDesigner.

Analysis results clearly showed that the calculated gear 
mesh misalignments depended strongly on the amount of 
detail and flexibility in our gearbox model. Fig. 4 shows the 
variation of misalignment for each gear mesh. For the sun 
gear to planet gear mesh, the simplest gearbox model pre-
dicts only 50 percent of the misalignment calculated using 
the fully detailed model. The relationship between these 
results and the gear tooth load distribution for the sun gear 

Fig. 3: deflection analysis in Romaxdesigner using the fully 
detailed gearbox model including flexible housing.
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to planet gear mesh is shown in Fig. 5. These 
results show that the simplest model predicts 
a good tooth load distribution (i.e. the load is 
fairly centered on the tooth and well distribut-
ed) but the fully detailed model predicts a poor 
contact pattern with high edge loading.

We concluded that it would be a very dan-
gerous assumption to omit any of the struc-
tural flexibilities from the gearbox model, as 

these could lead to an underestimation of gear 
mesh misalignment and inaccurate prediction 
of gear tooth load distributions. These factors 
both lead to an inaccurate prediction of the 
gear life for this gearbox. 

The impact of this on the wind turbine in-
dustry is clear—underestimating gear life at 
the design stage can lead to gearbox failures 
later in the field.  

Fig. 5: the relationship between gear mesh misalignment results and gear tooth load 
distribution for the sun gear to planet gear mesh.

Fig. 4: Gear mesh misalignments for varying levels of model detail.
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bRuSHInG up on tuRbInE  
GEnERatoR maIntEnancE

FRom tHE pIERcInG coLd of Mongolia to the 
oppressive desert heat of the American West, 
wind turbine generators are subjected to ex-
tremely harsh environments, along with other 
challenges including sudden changes in wind 
speed, very low humidity, and the on/off cycling 
of the actual generator unit. Carbon brushes and 
related assemblies are of a small size, but very 
critical component to generator efficiency and 
output. Original design issues can lead to main-
tenance issues, which will result in higher main-
tenance costs and significantly reduce generator 
reliability. Leading-edge laboratory equipment, 
coupled with years of experience in carbon brush 
technology, has led Morgan AM&T to develop 
advanced materials to address these extremes.

Poor turbine performance has occurred at nu-
merous wind farms throughout North America, 
requiring solutions that are currently in develop-
ment. There are major problems identified with 
symptoms of poor brush life, heavy dusting, and 
damaged rings, which are the results of friction 
chatter, brush instability, and low spring force. 
These symptoms are the direct result of deficien-
cies in some of the original OEM designs. Over-
all efficiency is reduced, and operating costs and 
maintenance requirements are increased, which 
in turn creates complaints from the site manag-
ers who are challenged to keep them operating, 
since downtime is unacceptable and costly. Out 
of warranty turbines become the problem for the 
owners when the OEM design creates problems 

New designs and materials are leading to 
longer brush life and increased generator 
uptime, with improved productivity bulking 
up your bottom line.

By Paul M. Kling, Russ Tallyen, and Roly Roberge

paul m. kling is wind segment manager, Russ tallyen is application engineer, and Roly Roberge is 
engineering manager at morgan am&t. to learn more call (864) 458-7700 or go to www.morganamt.com.
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that carry forward. Once the warranty expires 
the costly brushes, maintenance, and excessive 
dusting all become the responsibility of the own-
ers or operators.

These additional costs in labor, parts, and 
wasted non-producing power time can build to 
the point of making a wind farm a less than an 
attractive investment. The correct financial deci-
sion is to fix these problems, which can provide 
payback over the life of the turbine in the range 
of 10-20 times the initial cost, depending on the 
condition of slip rings and the overall mainte-
nance practices at wind farm.

The problems are found to be in the existing 
brushes, brush holders, and rigging. The hold-
ers are fabricated from stamped metal plates and 

spot welded in place, and they are only about half 
the length if the brush is encased or supported. 
Brush instability is the result, and this situation is 
conducive to arcing. Rapid brush wear, excessive 
heat, and ring damage are the manifestation of 
arcing, all possible causes of a flashover. In some 
cases the temperature was high enough to distort 
the thin walls of the holders, binding the brushes 
in the holder, increasing the arcing, and eventually 
bring about failure of the unit.

Also, because of the design, one brush in each 
holder is placed in a “stubbing” orientation. Stub-
bing, or “leading,” is when the rotation of the ring 
surface is into the toe, or long side, of the brush. 
This design is a major contributor to a condition 
called friction chatter, which causes the brush to 
vibrate or bounce at a very high frequency. It is 
almost always accompanied by some arcing since 
bouncing brushes don’t conduct current very well, 
so slip ring roughening due to electrical etching is 
the end result. Figure 1 represents radial-mounted 
brush holders created from superior materials that 
have improved carbon brush performance.

Low spring force was found to be another con-
tributor to performance problems. Springs need 
to operate smoothly and have the proper force 
applied to the brush to maintain contact with the 
moving surface of the ring. Low brush pressure—
the spring force/cross sectional area of the brush—
can cause higher contact resistance, threading, and 
arcing. Threading is the machining of the slip ring 
by particles in the brush face. These particles are 
trapped in the porous brush face and work-hard-
ened, creating a tool that machines the ring sur-
face. Brush pressure should also be equal (within 
10 percent) on all brushes to avoid the difficulties 
arising from selective action, which is the unequal 
current distribution among the brushes.

Lastly, the original brushes are made of a high 
metal content material and are not adequately de-
signed for environmental conditions such as low 
humidity. Brushes with a high metal content have 
a tendency to perform poorly at low current loads, 
causing threading. The resulting product is poor 
combination of cost and longevity. A new design 
of the brush holder system has been developed to 
combat these problems, directly and easily mount-
ing in place of the original holders. The design also 
stabilizes the entire unit.

These upgraded units are precisely machined 
with tight tolerances and high quality materials 
instead of the original stamped metal, resulting in 
a strong and sturdy unit. The holders are designed 
to encase the entire length of the brush to provide 
stability, and the fine finish of the carbonway aids in 
reducing brush to holder friction. To eliminate the 
friction chatter the holders are mounted radially, 
at 90° to the ring surface. The number of brushes is 
increased from four to six per ring, which increas-
es the cross sectional area of the material, reducing 
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the amount of load per brush and allowing a lower 
metal content brush to be used.

Spring force is significantly improved over the 
original coil spring design. A revolutionary spring 
clip assembly utilizes a constant force spring. This 
spring clip assembly is designed with a removable 
spring, which can be replaced at a very minimal 
cost during each brush change to insure adequate 
spring force. Constant force springs maintain a 
10-percent differential to fight selective action, 
and this design applies a constant force to uti-
lize approximately 65 percent of the total brush 

length. The brushes are an aerospace-grade mate-
rial that films equally well in low and high load 
conditions, and it has been developed specifically 
to perform well in the low humidity atmospheres 
in which numerous wind farms operate.

Brush replacements are convenient, with a plug-

Fig. 1: power ring and ground ring brush 
assembly.

Fig. 2: Wind generator brush with EZ connector.

Dave 800.724.0937
Cell 315.374.5912 www.JPwRIGGERS.Com
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in terminal connection, which reduces the brush 
replacement time by half. No tools are required 
that must be carried up to the nacelle, resulting in 
no dropped screws, tools, or scraped knuckles—
all benefits to the technician, and time savings for 
the owners/operators. Figure 2 displays a wind 
turbine generator brush with the labor-saving EZ 
connector.

In field testing the results are impressive. The 
design improvements have achieved no ring wear 
or damage, a low wear differential between brush-
es, and less dust. These units can be cleaned every 
six months, and brush replacements intervals are 
about every 24 months. Wind farms that are hav-
ing significant issues with the original stamped 
holders have found this solution as a way to al-
leviate serious failures. The final result is a greatly 

improved efficiency, reduced operating costs, and 
increased turbine uptime.

Going beyond developing complete solu-
tions requiring modifications to the holders and 
springs, in many cases Morgan can work with ex-
isting structures, providing replacement brushes 
that outperform the OEM supplied brushes. Ben-
efits include:

•  Exceptional performance from no load to high 
load

• Low friction through superior film formation
•  Endurance through extreme atmospheric condi-

tions
• Contamination tolerance
•  Excellent lifespan with minimal slip ring wear
•  Low brush to brush wear differential (selective 

action)
•  Engineering and performance specific to your 

application

Overall, selecting the correct carbon brush for 
your application can reduce slip ring wear (fa-
tigue), maximize brush life (fig. 3), and contribute 
to the overall generator performance. The profes-
sionals at Morgan AM&T are available to help 
you choose the most robust grade for your wind-
turbine applications.  

Fig. 3: Even carbon brush wear with no ring 
wear after two years of operation.
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avoIdInG SHockS 
to tHE SyStEm

to a tHundERStoRm a WInd toWER appears as 
a lightning rod, meaning that generators are highly 
susceptible to the effects of lightning. They are by 
design the tallest structure in the area, frequently 
found where lightning occurs regularly, and they 
have many conductors for power and communi-
cations running from uptower to ground level, 
therefore susceptible to induced electromagnetic 
effects from lightning discharges. They also have 
sensitive electronic measurement and control sys-
tems that can easily be damaged or upset and are 
connected to the utility grid, exposing the system 
to yet additional issues for damage or disruption 
of service.

While a direct strike by lightning to a blade 
or the nacelle may be thought to be the greatest 

cause of concern, and certainly would have the 
most dramatic effect, it is not the most common 
occurrence to have an effect on the operation of a 
wind generator. A recent study reports the follow-
ing interesting statistics:

•  7-10 percent of all lightning faults involved blade 
damage

•  43-51 percent involved control system damage
•  20-32 percent involved damage to the power sys-

tem

While the most noticeable and catastrophic 
events involve the very expensive blades, this rep-
resents a relatively small percentage of all events 
compared to the more frequent and less-cata-

Wind towers are basically lightning 
rods, so the key to continued power 
production involves protecting the 
generator’s electrical systems from 
sudden surges.

By Robert Schlesinger, P.E. 

Rob Schlesinger, p.E.—an electrical engineer and a senior member of the IEEE—is director of busi-
ness development at dEHn, Inc. He can be reached at (949) 376-4960 or rob.schlesinger@dehn-usa.
com. Go online to www.dehn-usa.com.
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strophic faults affecting the electrical system (63-
83 percent of the lightning faults involved damage 
to electrical/electronic systems). This includes 
components of the power system, instrumenta-
tion, and measurement and control systems, yet 
these seemingly less-dramatic failures still render 
the generator inoperable. Furthermore, the re-
peated exposure of sensitive electronics to these 
transients will shorten their otherwise long life 
expectancy.

There is technology available that attempts to 
divert a lightning stroke from a blade tip to earth, 
thus saving mechanical parts of the wind genera-
tor the damage they would otherwise experience. 
This, however, does not mitigate the effect that 
the electrical system will experience. A direct 

strike to the wind generator or nearby structures 
will cause a local ground potential rise that, when 
referenced to distant points that are connected by 
power or measurement, control or instrumenta-
tion circuits may show many tens of thousand of 
volts between them. Strikes to power lines, nearby 
strikes, or even cloud-to-cloud discharges will in-
duce transients onto circuits of sufficient magni-
tudes to cause insulation or dielectric breakdown of 
critical components, deterioration of those compo-
nents, or even what may appear as erroneous sig-
nals on control circuits, causing PLC and controller 
to mis-operate.

The issues of these transients or surges affecting 
power and control systems are manageable by the 
use surge protective devices that are strategically 
located, properly rated for the necessary voltage 
protection level, and rated sufficiently to discharge 
the magnitude of current associated with the light-
ning affect. This last parameter is key, because if the 
SPD is not able to discharge the associated light-
ning current, it too will be destroyed. Figure 1 is 
a representation of two wave forms of equal mag-
nitude, with the longer one (10/350 µsec) having 
about 25 times the energy of the shorter one (8/20 
µsec). Lightning current discharges associated with 
direct strikes are more closely represented by the 
longer duration wave, while induced caused tran-
sients are of the shorter duration.

Depending upon the application, the proper SPD 
must be selected to be capable of discharging cur-
rent associated with the event. That must take into 
expected magnitude of the current, as well as the 
duration.

The basic concept of protection is “equal poten-
tial bonding,” where all conductors can be bonded 
during the occurrence of a transient so as to have 
all equipment terminals at an equal potential. This 
is accomplished by directing lightning flashes to 
ground through air terminals and a well-bonded 
conductor system and using properly placed, rated, 
and coordinated surge protective devices, or SPDs. 
These devices use technology based on spark gaps, 
metal oxide varistors (MOVs), silicon avalanche 
diodes (SADs), and gas discharge tubes, with each 
having their own characteristics.

Transients appearing on energized conductors 
are managed by use of lightning and surge pro-
tection devices, which discharges these transient 
voltages and associated currents. Lightning cur-
rent arresters are designed, rated, and tested for 
discharge impulse currents with a 10/350 µs wave 
shape characteristic. Electromagnetic fields caused 
by direct and indirect flashes—as well as by inter-
nally switched or utility switched components—
will introduce lower energy transients on conduc-
tors, and they too must be managed by the use of 
SPDs, which are designed to handle lower energy 
transients defined by 8/20 µs wave shapes.

The distinction between lightning current ar-
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resters and surge protective de-
vices, and the determination of 
where to place each, is covered 
by the Lightning Protection Zone 
(LPZ) concept referenced in stan-
dard IEC/EN 62305. This concept 
defines boundaries between high-
risk exposed lightning strike areas 
and other areas that are differently 
affected by lightning currents and 

their induced counterparts.
These devices must be select-

ed and placed properly within 
the system. The selection is 
based upon their ability to ad-
equately discharge the transient 
currents, to continue to be avail-
able for future occurrences, to 
limit the voltage drop across 
them to protect the components 
and systems for which they are 
intended, and not to disrupt the 
function or performance of the 
system while installed or during 
their operation. Because of the 
number of parameters that must 
be met, different technologies 
are used, with each having their 
virtues and weaknesses. The key 
to properly protecting a system is 
selecting the correct technology 
or combination of coordinated 
technologies to meet all require-
ments and placing them in the 
correct critical locations.

In summary, the key of light-
ning and surge protection is to:

•  Direct lightning currents to 
ground by use of air terminals 
and properly rated conductors.

•  Properly bond all non energized 
conductors to prevent any po-
tential differences on them.

•  Use SPDs between conduc-
tors, and between conductors 
and ground where over voltage 
transients may appear.

•  Apply SPDs as close to, and be-
fore equipment to be protected 
and use Lightning Protection 
Zone concept as a guide for 
determining placement and 
ratings.

Fig. 1: comparison lightning/
surge discharge current wave 
shapes.
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•  Select SPD based upon correct discharge current 
(Class I, II, or III) ratings and the correct signal 
application.

•  Use correct sized and properly routed conduc-
tors to minimize voltage drop.

As to what is accomplished by using surge sup-
pressors, they can protect equipment and com-
ponents against catastrophic failures caused by 

transients; against the constant deterioration of 
dielectric/insulation materials when exposed to 
transients over long periods of time, which leads 
to premature failures, and; protect systems from 
mis-operation due to erroneous signals, which 
are actually unwanted transients. The result is 
improved system efficiency, reliability, increased 
system integrity, less downtime, less maintenance 
costs, and improved service.   

Fig. 2: Example of a combination of class I and 
class II Spd, using coordinated spark gaps and 
metal oxide varistors.

Fig. 3: Example of coordinated Spd for control 
circuits using coordinated gas discharge tubes 
and silicon avalanche diodes.

Professional tilt up met tower installs, 
repair, leasing, Sodar relocation

HC 64 Box 200   |  1704 State Hwy 13   |  Arlington, WY 82083   
Office: 307-378-3480   |  Fax: 307-378-2100

www.kbenergy.com

Points for Consideration: 

•  APT’s Hard-wired SPD’s – used at the  
transformer level

   o UL 1449
   o  Full range of voltages and surge capacities to 

cover all your SPD needs

•  APT’s DIN Rail SPD’s – used for specific  
applications within the turbine

   o  Small Form Factor, no breaker required, cost 
effective and UL 1449

•  APT’s team of engineers are available to assess 
and give input on all situations 

• Immediate and direct factory access

Protect Wind turbines FRom�
damaging electrical surges

Advanced Protection Technologies (APT) carries a full line of 
hard-wired and DIN Rail mounted SPD’s (Surge Protective Devices) 
to protect the Inverters and other key Turbine system components.

Please visit our website WWW.APTTVSS.COM/WINDPOWER.ASP for additional
information and to sign-up for a free webinar on electrical surge protection or 

email us at: oemsales@apttvss.com

“Professionals Serving Professionals”
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cREatIvE condItIon 
monItoRInG

condItIon monItoRInG IS a macHInE main-
tenance tool that is becoming a component of 
long-term service packages provided by some 
wind turbine manufacturers. In general, the 
actual condition of rotating machinery can be 
measured and evaluated offline using mobile 
measurement equipment and online using per-
manently installed devices. Today it is state-of-
the-art for onshore and offshore wind turbines 
to be equipped with vibration-based condition 
monitoring.

Wind turbine gear manufacturers are being 
challenged to supply gears with a reduced mass-
to-output ratio that are low in noise and vibra-
tion and that provide the required operating 
reliability and lifespan. Figure 1 shows the most 

widespread Danish drive train design, with a 
planetary/spur gear. Experience in the wind en-
ergy sector shows that some gear types of this 
design did not meet the new requirements and 
needed retrofitting after only a few thousand 
hours of operation. Because of the high inci-
dence of gear damage found, German insurers 
introduced a so-called review clause in 2002 
as a “cost deterrent” to encourage an improve-
ment in operating life. It requires that all roller 
bearings in a drive train be replaced after either 
40,000 operating hours or five years, whichever 
is earlier, unless an appropriate Condition Mon-
itoring System (CMS) has been installed. This 
review clause has also been used by insurers to 
modify insurance contracts and introduce less 

Condition monitoring systems that monitor 
key components of wind turbines such 
as gearboxes add considerably to the 
reliability and performance of wind parks.

By Dr. E. Becker and Paul Poste

dr. E. becker and paul poste are with pRüFtEcHnIk condition monitoring, which is based in Isman-
ing, Germany. to learn more contact u.S. representative LudEca at (305) 591-8935, info@ludeca.com, 
or www.ludeca.com. 
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favorable write-offs for the policyholder. Ad-
ditionally, Allianz has stipulated CMS opera-
tional requirements that include comprehen-
sive testing procedures before a CMS system 
is approved for use. While Allianz will only 
accept inspected online CMS in its insurance 
contracts, the Gothaer Insurance Company 
drew up guidelines for mobile condition moni-
toring by independent inspectors. In 2003, GL 
WindEnergie expanded insurer requirements 
and made a certified CMS obligatory for GL-
certified offshore wind turbines.

In the meantime, in Germany, several thou-
sand mobile vibration measurements have been 
performed on wind turbines, and some 1,000 
online condition monitoring systems have 

been installed. Experience has shown that con-
dition monitoring on the main gears of the drive 
train presented a number of problems. In some 
cases, gearboxes were unnecessarily dismantled 
due to diagnostic errors, and CMS results were 
misused for legal disputes between the opera-
tor and manufacturer. Notwithstanding these 
early problems, and independently of insurer 
demands, operators of small wind turbines are 
becoming increasingly interested in integrating 
simple condition monitoring systems into their 
wind parks. These systems permanently record 
diagnostic parameters of components and in-
dicate any changes in their operating condition 
(fig. 2).

A range of condition monitoring solutions is 
now available on the market that is also certified 
by leading German insurers and by GL WindEn-
ergie. Many of them are mobile monitoring solu-
tions that can, for example, be linked up with an 
analysis service or diagnostics center. Low-priced 
online models are available for use in fixed-speed 
and variable speed wind turbines that do not re-
quire a dedicated computer in the wind turbine, 
even when used on variable-speed turbines with 
resampling. Data can be sent from these systems 
via e-mail to a remote service center. 

Fig 1: drive train and planetary/spur gear for 
wind turbines up to approximately 2 mW. 
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vIbRatIon-baSEd condItIon monItoRInG 
Various levels of condition monitoring are pos-
sible. Level 1 condition monitoring of wind 
turbines is based on threshold monitoring of 
broadband vibration parameters. The so-called 
vibration severity is often used. In accordance 
with ISO 10816-3, it classifies vibration velocity 
amplitudes in the frequency range 10 to 1000 
Hz as a function of turbine output. The thresh-
old values for wind turbines are as yet unde-
fined but are currently being prepared by a VDI 
workgroup (a German engineering association). 
Gear manufacturers and system manufacturers 
like to stipulate in the contract the vibration se-
verities and velocities in the frequency range of 
10 Hz to 100 Hz. However, this only applies to 
acceptance testing on test benches. Level 2 con-
dition monitoring is performed by monitoring 
the thresholds of band-selective diagnostic pa-
rameters, which are tracked at fixed speeds and 
variable speeds. Frequency spectra are mea-
sured when the CMS is put into operation and 
when the thresholds are exceeded. The spectra 
are sent to a diagnostic center by e-mail. Level 
3 condition monitoring is based on in-depth 
diagnoses and takes place after measurements 
are taken, for example, in a diagnostic center. It 
works with amplitude spectra, envelope spectra, 
cepstra, time analyses, and other special proce-
dures. Level 2 and Level 3 condition monitor-
ing use the empirical evidence from the spectral 
analysis of gears, toothing, rotors, roller bear-
ings, and electrical parts, such as significant 
vibration patterns and damage characteristics 
typical for these parts.

It is the task of Level 2 and Level 3 condition 
monitoring to correlate the components in the 
spectral analyses with the individual drive train 
parts and to set suitable frequency bands and 
warning and alarm thresholds for each measure-
ment location. In total, the Danish drive train 
design depicted in fig. 1 has about 200 bands 
that must be set and monitored if the condi-
tion monitoring strategy is to be in accordance 
with the Allianz Center for Technology (AZT) 
and GL WindEnergie certification. In addition, 
practitioners know that several harmonics and/
or sidebands appear in frequency spectra such 
as those of tooth mesh frequencies—a phenom-
enon that further increases the number of fre-
quency bands.

If the operator wishes to measure a tooth 
breakage in a planet gear, an adequate number 
of passes and about five minutes of measuring 
time are needed to measure any disturbances. 
For information on the bearing condition of the 
planet gears, suitable filters in the envelope spec-
trum must be selected and rotational frequency 
excitations in the envelope spectra monitored. 
Another important diagnostic tool for plan-
etary bearings with spherical roller bearings is 

sideband analysis. Bearing play results in mul-
tiple sidebands that influence the acoustic and 
vibration-related running characteristics of the 
planetary stage.

Analysis of roller bearing and gear conditions 
is relatively straightforward if the frequency or 
order spectra remain unchanged over a period 
of weeks, months, or years, and if diagnostic pa-
rameters remain stable. Monitoring can be per-
formed using so-called “traffic light” frequency 
spectra or by monitoring the corresponding 
diagnostic parameters. If the warning thresh-
old is exceeded or the yellow area in the traffic 
light frequency spectra is reached, e-mails con-
taining the frequency analyses are sent to the 
service specialist. The affected wind turbine is 
given a higher diagnostic priority, and diagnos-
tic specialists are able to directly monitor the af-
fected turbine and activate further special anal-
yses. An alarm message is issued if the red area 
is reached. Additional diagnoses and selective 
maintenance can be planned for and prepared. 

Fig. 2: view of tooth damage in a wind turbine 
gear and a cmS mounted on the main carrier of 
a wind turbine.
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Depending on the type of damage, advanced 
warning of up to six months can be achieved. 

mobILE monItoRInG 
Experienced engineers are aware that the load 
on gears with planetary stages, helical gearing, 
and tooth corrections has a significant influence 
on vibration characteristics. When testing gear 
loads, the rule generally applies that measure-
ments should occur at a minimum of 20 per-

cent of rated torque and at the rated rotational 
speed. In the wind energy sector, it is state-of-
the-art today for leading gear manufacturers to 
test wind turbine gearing at the rated torque 
and to measure and record parameters such as 
the frequency spectra of the vibration velocity 
during test runs. Such constant load conditions 
over extended periods only exist in exposed 
mountainous regions or offshore. In the case 
of onshore wind turbines, the mean wind force 
changes more or less hourly and the gear loads 
are influenced by wind gusts.

To perform mobile measurements, the mini-
mum load should be present, and the effect of 
wind gusts should be averaged by using suffi-
ciently long measurement periods. Moreover, 
repeat measurements must be measured in the 
same load window. Because of the unpredict-
ability of wind speed, etc., external measure-
ment technicians who have to travel long dis-
tances to make specific measurements rarely 
meet with the same wind conditions. It is for 
this reason that mobile condition monitoring 
solutions have been developed, making it pos-
sible for engineers to confine their vibration-
based condition measurements to wind speeds 
of six to 10 m/s over extended measurement 
periods. The measurement locations, diagnos-

Fig. 3: typical measurement locations for mobile 
measurement and view of a vIbxpERt unit.
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tic procedure and measurement route can be 
prepared and all results saved for the specific 
turbine. The measurement results can then be 
downloaded from the Internet. 

onLInE monItoRInG
Fixed-Speed Stall-Controlled Turbines: Medi-
um-sized wind turbines often use multipole gen-
erators that rotate at approximately 1,005 rpm 
at wind speeds up to six m/s and then switch to 
a higher speed of around 1,505 rpm at greater 
wind speeds. In this way the wind turbine can 
be operated close to maximum capacity at both 
low and high wind speeds. Figure 4 shows an ex-
ample of various parameters for this type of tur-
bine with a pole-changeable generator measured 
over a three-day period: the generator power; 

the generator speed; the vibration severity of the 
gearbox, which is measured radially; and the vi-
bration severity of the generator. The output sig-
nal in kW was taken from the control unit, the 
amplitudes of the vibrations in mm/s were deter-
mined using the frequency spectra measured on-
line, and the speed in rpm was obtained by non-
contact measurement. In this type of chart the 
varying load conditions can be identified and it 
can be concluded that, in this particular case, the 
rotational vibrations in the generator decrease at 
greater output. The reason for the high vibration 
amplitudes was a pronounced tooth correction 
that only took effect at the rated load. A require-
ment for this type of analysis and interpretation 
is knowledge of the gear design, and of course a 
suitable condition monitoring system. It is com-
mon that two-stage or three-stage spur gears are 
usually used up to approximately 450 kW, and 
planetary stages only come into use in the gear 
input stage in larger turbines.

If the threshold limit in fig. 4 is exceeded, an 
e-mail notification containing the associated 
frequency spectra can be automatically sent to a 
diagnostic center. If the threshold is not exceed-
ed, it is sufficient for the CMS to independently 
extract the diagnostic parameters from the fre-
quency spectra and store a value once per min-
ute. Since the parameter values in the circular 
buffer will be overwritten after some time, insur-
ance companies demand that the parameter val-
ues be e-mailed on a regular basis, for example 
once per day, and stored in a service database. If 
the wind turbine is not running, or if the vibra-
tion values barely change, the data is compressed 
to avoid the transmission of large data volumes. 
Some CMS can continuously provide informa-
tion on how the gear vibrations change at each of 
a pre-selected number of locations as a function 
of the wind load. Some insurance companies in 
Germany reward this diagnostic strategy with 
fewer wind turbine inspections and improved 
write-off conditions.

Variable-Speed Turbines: Turbines that exceed 
1.5 MW tend to employ variable-speed drive 
trains in which any change in wind speed results 
in a change in the rotational speed. Rotational 
speeds can occasionally vary by as much as 60 
percent of the maximum speed. This variability 
influences the measured vibration spectra and 
gear characteristics of the turbine. Additional 
factors are blade pitch variations, load changes, 
dynamic load such as from oblique incident flow, 
and loads from the converter control unit acting 
on the generator side. The most common system 
today in geared variable-speed wind turbines 
is the doubly fed induction generator, but it is 
gradually being replaced by fully rated convert-
ers. Due to the controlled operation of the wind 
turbine, both systems can be operated efficiently 

Fig. 4: measurement of various parameters for 
a fixed-speed, stall-controlled turbine with a 
pole-changeable generator measured over a 
three-day period.
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at low winds as well, and damped control can re-
duce mechanical loads in the drive train. In high 
winds, the rotor output is additionally limited by 
pitch control or stall/active-stall control.

With respect to condition monitoring this 
means that not only the output, but also the 
gear-specific excitation frequencies vary with 
the wind speed. The frequency spectra measured 
over extended periods blur to such a degree that 
it becomes impossible to distinguish the individ-
ual frequency components and valuable diagno-
sis information is lost. In such cases order analy-
ses are essential to obtain well-defined spectral 
analyses in variable-speed wind turbines. Thus, 
instead of determining the average frequency 
spectrum, some CMS solutions determine the 
order analyses by means of resampling. Wind-re-
lated rotational speed fluctuations are accounted 
for in the vibration signals and the diagnostician 
is provided with familiar diagrams, although now 
in the form of an order spectrum. Experience 
has shown that in addition to the gear design, 
the system and control parameters also have 
an effect on the vibration characteristics, which 
vary with the manufacturer and machine. To be 
able to distinguish operation-related influences 
on vibration from condition-related influences, 
the vibration and diagnostic parameters and the 
condition diagnosis are measured as a function 
of the operating parameters: rotational speed, 
generator output, and wind speed. AZT and GL 
WindEnergie require that all CMS certified to 
their standards must always send measurement 
results to a monitoring center to permit the data 
to be processed again in their entirety. 

monItoRInG cEntER taSkS 
Field experience indicates that a certified condi-
tion monitoring hardware system does not nec-

essarily lead to reliable fault diagnosis. The result 
depends on the correct installation, parameter-
ization, and implementation of the online CMS, 
as well as on a rapid and appropriate response to 
notifications of a change in condition.

The costs and the time spent by personnel for 
condition monitoring increase rapidly if mea-
surement data is “collected” from several hun-
dred turbines via telephone modem and spe-
cialists must travel to the wind farm to change 
programming, alarm, and threshold values. To 
overcome these problems, e-mail data transfer 
systems with central data storage automate as 
many routine tasks as possible and avoid need-
less lost time collecting data. The operator and 
turbine manufacturer can decide whether they 
would like to purchase the hosting service with 
condition diagnosis on call or a teleservice pack-
age. Figure 5 shows an example of a basic data 
management concept. The wind turbine data 
from the wind farm is sent to the monitoring 
center via Ethernet. The control center and the 
diagnostic center have access to the databases. 
On this basis, condition monitoring and service 
experience can be built up in partnerships and 
managed centrally.

In the monitoring center, the incoming mea-
surement data are routinely checked, thresh-
old values are adjusted if necessary, condition 
reports are prepared and incoming alarms and 
warning messages are responded to. Measures 
that can be taken to deal with incipient damage 
are suggested. The employees of the monitoring 
center must be familiar with the special char-
acteristics of the wind turbine being monitored 
to distinguish whether an exceeded threshold 
is due to random or operation-related causes or 
due to damage-related alarms. Condition-based 
maintenance becomes reality.   

Fig. 5: data management structure with e-mail data transmission.
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Q&a

WHy WouLd SomEonE Want tHEIR  
WInd tuRbInES WaSHEd?
For one thing, when you’re erecting turbines in 
somebody’s back yard, they want them to look 
nice, so it really helps in terms of your relation-
ship with the community. People can get touchy 
about how these windmills look, and they might 
not say anything when they’re clean, but they’re 
sure to notice when they’re dirty. But there are 
more important reasons, including improved 
aerodynamics of the rotors. These things have 
usually been shipped from overseas, spending 
months on the ocean, so they’re covered with 
salt spray and even rust that’s dripped off of 
the steel cages that contain them in transit, and 
they’ll be streaked with grease from the dock 
cranes, too.  Some trucking companies will tape 
lights to them during shipping, and dust and 
grime will accumulate on the adhesive that’s 
left behind once the tape is removed. And all 
of that’s just on the outside. We do a thorough 
external and internal cleaning before the tower 
is erected, and you’d be surprised by how much 
dirt can accumulate inside while they’re laying 
on the ground at the site. There can be just one 
little slit in the tarp that covers them, and since 
these farms are found in extremely windy areas, 
the tower will fill up with dirt in no time. We’ve 
found tires inside of them, trees, and a foot of 
mud once. We’ve yet to come across anything 
we can’t clean up, or off.  We clean everything 
inside and outside before the windmills go 
up—including debris around the job site—and 
then we offer an interior maintenance program 
where we’ll go back and do any cleaning that’s 
necessary post erection. The way we approach it 
is that, if we’d just bought a four-million dollar 
car, we’d want it to be delivered clean.

WHat otHER SERvIcES do you pRovIdE?
One thing we’ll do that others don’t usually 
offer is touch-up painting. This saves the con-
tractors from having to hire somebody else for 
that. We also take care of punch-list completion 
items. We’ll go in and complete their checklist, 
making sure that all the ladder bolts have been 
properly tightened, tensioned, and torqued, for 
instance, and then we’ll mark them as proof 
that the work has been done. So between the 
cleaning, painting, and punch-list work, we 
can handle quite a few different functions all at 
once, which increases efficiency. Our team is 
made up of people from a wide variety of differ-
ent backgrounds, such as construction manage-
ment, shipping and receiving, and quality con-

trol, so we have an understanding of what our 
customers are looking for. We know that you 
just can’t keep ironworkers and crane operators 
idle because that’s costing you a ton of money. 
Sometimes people will go out and hire a local 
pressure washer who doesn’t have experience 
cleaning wind turbines. On paper it looks like 
you’re saving money, but it’s exponentially more 
expensive than working with us because they 
will take four times as long. Plus we’re trained 
to operate equipment such as aerial lifts, which 
they would have no reason to know how to do, 
so you’re paying for them to learn how to use 
the equipment on the job. We know how im-
portant it is for our work to be done, and for 
the turbine and components to be cleaned and 
ready to fly by the time the ironworkers arrive. 
You won’t have to wait on us.

WHat about SaFEty? aRE you InSuREd?
Safety is of the utmost importance on every wind 
farm, and I put the safety of my men and others 
first no matter what. Everyone on our team is 
trained and certified in first-aid and CPR, and 
we use the very best safety equipment available. 
We have a strict safety program, and we stick to 
it. We also carry a two million-dollar liability 
policy, and workman’s comp, which you won’t 
find with a local pressure washer company. We 
specialize in wind turbines and are insured ac-
cordingly. No matter where the job is located 
we’re going to approach it professionally and 
with an inside understanding of what the cus-
tomer needs. Even though some of these might 
seem like small points, wind-energy profession-
als in the field know they all matter, and that’s 
why we get so much return business and so 
many referrals. Having repeat customers really 
is the best endorsement you can have.    

call (989) 550-2197, e-mail info@bigmacwind.com, or go to www.bigmacwind.com

Craig MacPhee 
president, big mac’s custom pressure Washing






