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BLADE DESIGN

By Chris Hardee

HIGHER OUTPUT
AT LOWER LOAD

NEW WIND TURBINE BLADE DESIGN
VALIDATED BY MODELLING

Sweep-twist blade designs could yield up to a 20% reduction in fatigue loads while simultanecusly delivering a 12% increase

in energy captured.

Savinia - trtil ackapiied rolor [STAR) protalypes wava ataled an & Zand FEO EW urbioe
ar tha TarsaGen wind site in Tahachaps, Calfomia O nane ane the 26t ssaep af tse tip
and tha Iralng ecge curvalune

Wind turbine blades' basic phpu:s and sconomics are relatively
simple. For ane, their power autput is roughly prepertional to the
square of blade length. This relationship pushes designers to create
intreasingly langer blades for harvesting additional energy. Secondly,
as blades get longer, weight increases — by abaut the cube of the
length — wehich raises raw material eosts, This correlation sends
designers in search of weight-efficient geometries that are strong
and rigid enough to weather the ineressed loading inherent in
||:|r|g|=r bBlades.

Mavigating a rmaze of engineering challenges such as these
can lead to interesting design directions. At the US Department of
Energy’s (DOE} Wind Energy Ressarch Prograrm at Sandia Maticnal
Laboratories, one result has been the I:‘EV’E-'DPI!IEI‘IE of a sweep-tuist
adap‘lru& rater (STAR).

Thiz curved blade was proposed in eadier  theoretical
redearch and has been gamering increasing interest for use in
utility-scale applications. The new configuration is seen as a way 1w
reduee operating loads on ever-lengthening blades. If suecessfully
commercialised, the autcame could be larges, lighter, less sxpensive
and mare productive wind turbines.

In 2004, Knight and Carver (K&C) Wind Grr}up. a San Diego,
California-bazed wingd twebine blade manufacturer, was awardad
a DOE contract to develop STAR. Partnering with Sandia, K&C
wias responsible for design, fabrication, testing and evaluation of a
sweep-twist prototype. The firm began by assembling & team of
:.p:cia“:ed curnpanil:s and academic institutions, ane of which was
Seattle-based MNSE Compesites, braught on board te perform the
finite elerment modeling [FEM) required for the new design.

'MSE had done a lot of analyses over the years on composite
aireraft and helicopter aercstructures for companies such as Bosing,”
says DM Heyt, one of the company's founders. 'Plus, we were already
troublesheoting another blade profblem for K&C.”

Hoyt and his partners at NSE had been using Abaqus from
SIMULLA, the Dassault Sys'll‘:n'll:s app|i|:a1||:|n far realistic simulation,
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BLADE DESIGN
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as their finite element analysis (FEA) toal. "Simulation has besn a
great asset for both our aerospace and wind enengy wark,” says Heyt
‘It enables us to explore new ideas and look at the performance of
raultiple designs and materials while minirmnising expensive testing.”

Sweep-twist blade basics

Rather than a traditional linear profile, a sweep-twist blade has a
distinctive gently curving tip (o 'swzl:p':l with curvature towards the
trrailing edge. Theoretically, this shape allows the blade to respond
o turbulent wind gusts through a process of controlled twisting and
bending. As the blade twists, it sheds loads that would narrmally be
translated as material stresses to the root {or base) of the structure.
In nature, a sirmilar sweep can be seen in the wing shape of birds that
migrate long distances and in the characteristic profile of cetacean
tails and dorzal fins.

The engineering upside of twist-coupling is the ability to create
longer wind blades while aveiding the higher loads that 'l'.lpil:a"'.-
accompany increased length. Reducing loading enables a lighter
bilade design with lower raw material costs and helps lessen fatigue
stresses on the rotating machineny. In early calculations, the STAR
design Prr:an'llsbd a decrease in fatigue loads of 20% using a 37 tip
twist. But as the design progressed, longer blades that capture maore
energy with no increase in load were purswed.

Beyond the potential advamtages of altering the traditional
length-weight-cost relatianship, twigt-coupling is seen as a financially
attractive solution for tapping lew windspeed sites [defined as having
an average welocity of 5.6 metres per secand at a height of 10 metres)
These sites - in contrast to the high wind speed locations that have
bBeen the focus of wmd—mming e clate — are more abundant and
typically closer to major power-load centres. I the cost benefit proves
favourable, development of low-wind locations could, for example,
increase potential domestic wind farm area in the US by a factor
of twenty.

Understanding turbine behaviour — withouwt the wind
‘Owver the years wind blades have become mare and more high
tech. The industry is pushing the limits of design and materials’
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says Hoyt. "As that happens, engineers need to tighten up the loose
legacy tolerances and manufacturing controls that originated in
baat-building technology and adopt the mone rigorous analyses that
woe have always done for complex aerospace structures.’

O particular use in wind blade analyses with FEA, nates Hoyt, i=
Abaqus’ ability to handle compesite properties and control material
orientation. It can calculate blade-tip deflection fto avoid ‘tower
strike’) and accurately Fln:dlﬂ bath tarsional response (including
twist angle, which is key to load-shedding) and shearcompression
buckling  stability {associated with  sweep-twist]) of composite
sandwich structures,

An additional Eapabﬂi!r key te wind blade analysis s the
extraction of accurate eguivalent beam properties directly fram a
salid 30 FEM. These bending and twisting definitions are used in
wind-blade-specific  dynamics codes to  predict  the  overall
perfarmance of the turbine.

‘During the preliminary design phase, the type and amaount of
input data iz often limited,’ says Hoyt 'In the wind projects we've
been invalved with to date, there hasn't been a high-fidelity CaD
maodel available to use as a basis for the FEM.' So at the start of the
STAR analysis, the MSE team only had the blade's basie geametric
parameters — the planforrm shape, the aidoils, and the chord lengths -
ta wark with. The desire for high-fidelity FEA at a design stage when
anly the basic pararmetens of the blade have been defined led to the
development of NSE% bladeMesher seftware, which iz able to ereate
a solid 30 mesh of the blade from the partial data,

"Our software splines the geometry defined at several locations
an the auter mauld lager (OML) of the bBlade and combines it with the
composite material thicknesses specified at each location to generate
a rmash with the true thickness details,’ says Heyt ‘This solid mesh
and material definition is then imported into Abaqus to perform a
detailed finite element analysis.

“We have found that a selid FEM has iy adva ritages over shell
elernent FEMs, which hawe traditionally been used for blade analysis.
These benefits include a more accurate prediction of twisting
behaviour and the ability to analyse stresses in the adhesive joints
between structural elements,” adds Hayt.
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BLADE DESIGN

Figure 3. Cross-section al e protalype sweea-Twist Blicks skl showieg majgor
campasile cansimeton Gatums

Figuna 4. Tha unidhracianal eomdoste Gbvics falow tha curvalue al e bilacle

As the design of the blade progressed, the team explored new
airfils and made adjustments to the sweep geometry to hone in on
the optimal amaunt of twisting.

Ta determine whether the sweep-baislt geometry wauld shed
loads as predicted, two wind scenarios were applied 1o the model: an
operating load and an extreme-wind conditions case - 50-year gusts
at 154 rileshour (2571 krmdhaour)., The analysis was vsed 1o predict
the blade deflection and twist, pe'furm detailed stress calculations,
and investigate PIJ'lErIlIHI shear buckling due to the increazed twist
inherent in the design [see Figure 1: page 5). For normal loads, there
was excellent agresment with the tip deflection results from the
section analysis. For extreme wind cases, strain value comparisons
were alse good. In further detailed stodies, the enginesring team
found that their design met eritical buckling limits at mose than five
tirmes those of extreme wind conditions - a large margin of safety
clriwen by the Fact that stiffness to limit deflection, rather than ultimate
rmaterial strength, was the key structural eriterion (see Figure 2:
page 5).

Static physical testing of prototypes — for shear strain, blade
deflection, and twist angle — followed FEA. The static teat verified twist
FESpanse under operating load conditions. Using fatigue testing, the
K&C tearm was able to validate a 20-year lifespan Tor the new design.

The prototypes were also fisld-tested, generating extensive data
(as well as pawer] for several months in Tehachapi, California - site
of the TerraGen commersial wind facility and alse ane of the largest

wind generation areas in the eountry.

A snapshot of 5STAR'S composite makeup
At the STAR pmiEc!'s outset, total rotor diameter for  the

protolypes was set at 56 rmetres. Like most commercial blades,
the STARs were to be fabricated wsing fibreglass and epeosy.
Compaosite design includged a stressed-shell approach in which
the top and bottom shells are connected by a single shear
wab, rather than the moare '|'y|'_|-||_'.5| douhle wab construction [aas
Figure 3). As the design went theough numenous iterations owver the
course of the project, speclic composite materials were carefully
thasen for each blade feature,

I the sweesp-twist blade design version that NSE analysed with
Abaqus FEA, unidirectional roving was called out for the blade's spar
caps, and double-bissed fabric covering a balsa core was the choice
far the shear webs and shell panzls. For the skin, a mix of dual-biased
ard :Panwmu-r.rruznled [a|ﬁng th= |Eﬂgth of the Blade) unidirectianal
fabric was selected during preliminary design tests for its ability to
fallow the curvature of the blade during fabrication (see Figure J4).
This combination increased the averall stifiness-ta-weight ratia of the
blade while irmpraving torsional respense — a key factar in the twisting
and load-shedding capability of the design. The maxemuen curvature
at which fabrication and layup would become problematic from a
material standpoint was alzo imestigated.

A simple twist with major industry implications

With simulation and testing complete, the swesp-twist design's
promised load-shedding respanse resulted in what Hoyt characterises
a5 & 'wery impressine’ 12% power outpat boast aver similarly-rated
turbiines new in operation - without load increase.

‘I think its the future of blade design,” says Hoyt. 'People are
actively pursuing it.” GE and Siemens, two of the biggest players
in the industry, are currently developing swept blades. A start-up,
Zirnitar — founded by researcher Mike Zuteck, whe first conceived the
sweep-twist design - won a WSS million contract with the DOE to
pursue the technalegy for bigger afishore wind turbine installations.

However, same guestions remain regarding  scaling of the
tEEl'InDIUI’__nI te rotor diameters of B0-40 metres l'g,lpil:u“'y sean affshare.

At the fifth Sandia Blade Werkshop (in spring 2012}, enginesrs
discussed possible downsides. Will tersional losding due to sweep
inroduce other problems like new modes of aeroelastic flutter? Or
will it produce tas much fatigue streds in the adhesive joints? There
may alse be wsees on the manufacturing and transport side stemming
fram the harderto-handle curved shape, says Hoyt ‘But | wouldn®t
b swrprised if in 10 years a lot of production wind blades had some
sweep in therm.'

With savings in design time, reduced testing and potentially
increased power output, this new twist on traditional design could be
a big win for wind.

Author Details

6

WIND TECHNOLOGY SUPPLEMENT - NOWEMUEN - DECEMEER 2012

2013-01-23 10:02



50f 13

http://online.qmags.com/REW1112/printpage.aspx?pg=75,80,81,82,84,...

TURBINE TESTING

By James Lawson

ASSESSING
RELIABILITY

LATEST INNOVATIONS IN WIND
TURBINE TESTING WORLDWIDE

Facilities around the world are innovating in testing procedures for reliability, performance and validity. We take a look at

the latest in testing centre technology and procedures.

omplement laboratory wovk, Spadn’s CENER hosts many ather testing,

desigr and s rvic l als tast wind farm off
high-speed can take furbines up to & MY
CEMER

Reliability is the key sttribute of & turbme today, particularly offshore.
There are many other important reaseres of wind tubine pedormance,
netabaly the cast per unit of electricity generated, but they eount fer little
if & turbine Breaks down. Snd hoew do you investigate reliabality? Test,
tesk aceme mare — and then test again.

Besices reliability, wind turbine testing proves a new design’s
walidity and shaws how well 8 sub-system — ar the cormplete turbiine
- actually performs in practice. Testing cormponent-level pefarmance
and relisbility is also vital: accurately predicting the lifespan of critical
elernents like main bearings or generators allows operators to plan

servicing and :l:p|ac|=|‘.|-=ﬂl. thraughaut a wrbine's fetime.

Manufacturers have long had their own test facilities, but there ane
significant innovations at independent third-party sites. The borders can
often blur: centres such as the Fraunhofer Institwte rn:q!\.l-:f:lh_,I wark on
lorg-term ressarch projects with butinesses and their nvestars, while
Candia's new test site at Lubbock, Texas features bath academic and
commercial partners.

Ir'dzp-cndznt centres can offer wery large o very :pl:l:lali:l:d
equipment. And they can also be seen as impartial - which is erucial
for project developers, increasingly focused on the reliability of the
equipment that underping years-long, multi-rmillion-dellar investmeants,
"There & a huge expansion of wind power and a recognition that 1o put
thies ressct gEneration of turbines affshore, U o]ty prove them first,’
says Jirm Tuten, project manager for the Wind Turbine Drrivetrain Test
Facility at Morth Carolina’s Restoration Institute. "The capital backers of
these projects also want sorme sssurances. Testing allows you to exercise
thes unit e its capacity in eontralled conditions and without being at the
merey af the wind.'

s oweell as sesvices ranging from design assistance to electrical
tesstinng, these facilities have three main offenngs: blade and dhivetrain
testing — and longer-term tudbine trials at autdoor sites that affer grid
tennections - monitaring eguipment and meteoralogical masts.

Blades are delicate composite structures but Tace extrerme cpelic
loads aver 25 years or mare. Their failere can have severe reperoussions

in safety, downtime and puh|ir_' mage. M many wrbines need o be
retrofitted, significant costs arise, So validating a blades design, is
manufacturing process and reliability over time are essential to the
suceess of manufacturess, developers and the industry as & whale.
Standards such as IEC-61400-23 ar the UKS 1520-17025 acereditation
gevern the full-scale structural testing of rator blades, Te measee
specific stresses and strains, and to map blade properties such as static
deformation, uliimate strength, fatigue perfarmance ar deforrmation at

resanant {Eigen) regquencies, testers emplay vaious methods such as
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TURBINE TESTING

static, single-axis loading of blades at different ponts along its length
or multi-axial, dynamic loadings that better mimic the complex forces
found in real life applications.

A Tull endurance (fatigue] test applies 20 years or mare of cyclic
loacds and might take thres to fowr months, while a statie [ultimate
strength and resonance) test takes one to two wesks, Applying huge
forces and measurng the results demands investment in expensie
apparatus such as vibration actuators and linear variable differential
trafsformes (VDT uquipmeﬂt that centres must m"l:.'lznﬂy upgrade_
In its literature, the Fraunhofer Institute guaotes £300,000 - £400,000
for a four o six-month cormpeehensive blade test. But as Dr Amo van
Wingerde, head of Fraunhofer 'WES Cm‘lp-&iéf‘lcz Centre Rator Blades,
paints out, ‘cemparned with a failed wind trbine, thats a bargain®.

Higher power and more cormprehensive  drivetrain testing s
the other main area of development at independent testers. HALT
(Highly fecelerated Life Tests) subgects drivetaing to scosleated weaar
enviranments ta swiftly confirrm design and temponent integrity, ard
there's a shift undersway to test wholes nacelles rather than ndividual
components. Drivetrain testers can also be applied to other types of
generator or gearksox, such as thase used in tidal or wawe turbines.

The wind energy sectar is $till striving te get a full uvnderstanding af
integrated testing and the drivetraim has to be imvestigated particularly
carefully,’ says Dr Jan Wenske of Fraunholer IWES. 'Gearlbox, generatos
canverter aysterm and pitch system failures are currently the man cause
for downtime. Increased reliability of the drivetrain leads ta a higher
energy autput, lower O&M costs and thus to an increased profitability
of expensive offshore wind parks.”

Today, Clemaon University's Restosation Institute in South Caralina
s spending meady 2100 millien to build ane of the warld®s langest
drivetrain research facilities. A unit capable of testing at up ta 7.5 MW
will b ready by sarly nest year, while a sscand, even larger, tester will
follow, capable of testing turbines that can generate up to 15 MW
The facility will implement new, advanced eguipment to simulate
bilade forces at foree and power levels unavailable armpwhene slse” says
Project Manager Jirm Tuten, "The centre will provide for electrical system
testing a2 well so that combined mechanical and electrical issues can
be addressed.”

Renk Labeeats 7 MW and 15 MW test rige break new ground in how
they mirmic the forces exerted on the divetrain by the rator, Power fram
the geartbox output & fed into & hydraulic load application system — a
load disk mounted on the test stands central shaft Radial and asxial
levacls are app|i=|:i 1o the dise by 72 hydraulic actuaters to simulate real-
life, thres-dimensional farces and bending moments that gearboxes
and generatars must withstand. ‘The biggest challenge for the project
is that we have equipment under design to test equipment that hasn't
bBeen designed yet,’ guips Tuten. Capable of low woltage ride thraugh
(LYAT) and zera voltage ride theaugh ZVRT) testing, the lab will also
exarnine generator goid compatibility. Future plans include & 15 MW
hardware-in-the-Laop (HIL] capability that will aid testing of other types
of electrical equipment as well as everlarger generatons.

The Wind Techrelogy Testing Center (WTTO) in Charlestown,
Massachuzens & the other sizeable stateside development. Overseen
by the Massachusetts Clean Energy Center (MassCEC] and its partrnerss,
the WTTC c-pen-:d in May 2011 and offers three test stands, each of

which can handle blades up to #0 metres. "This is the weodd's largest
structural testing lab for blades, and it's the anly one in the USA says
Emecutive Director Rahul Yarala, We're extremely busy with blade
testing and are working closely with manufacturers and developers.”

Capahlu ef axErting feswems af ups be B4 MMM, WTTC offars the
full suite of certification tests along with the latest blade prototype
development  methedologies, R&D  parnerships, blade  repar
capabilities and hands-on workforce training. Fatigue tests employ the
Mational Renewable Energy Laib's (NREL] patented resanant test system
technology. As well as the WTTC, NREL: smaller-scale Mational Wind
Technology Center still offers blade, drvetram and many other types of
testing, ressarch and develogment for turbines up to 5 MW, The WTTC
abeo proves that test centres can act as hubss for further investrment: TRI
Ceompasites has opened a blade RED centre and protetyping factary
T4 km south of Chardestowm. TP will be a WTTC custormer, and cited it
a2 key to its decision to et up shop in Massachusetts,

EUROPE HAS THE LARGEST SPREAD OF
TEST FACILITIES BOTH IN OPERATION
AND UNDER DEVELOPMENT

Another new wind twhine blade-testing facility is planned for
Clarkson University, based in Potsdarn, Mew Yerk, this time focusing on
smaller blades in the 12-15 metre range. The Center for Evaluation of
Clean Energy Technobagy will be Built and e in canjunction with ether
partners by London-based Intertek ple, using a $4.2 millien grant from
the Mew Yark State Energy Bessarch and Develogment Authoity

Still g the East Coast, Poseidon Atlantic in Nonhamptnn. Wirginia,
will offer sites for tulbine protetype testing, infrastructure, wind
megsurements and wind tulbine testing and certification services. The
site & planned to hold between five and ten turbsines, with a masimum
size of around 5 MW, The owners expect to start construction in late
2013, with the first turbsines online before the end of that year

Asia's only independent test centre is SG5 Wind Energy Technolegy
Center (WETC) i Tianjin, China. Opened in June last year, this focuses
an full-scale blade testing for blades up to 70 metres long. The centre
offers natural frequency, static, fatigue and ultirmate static tests as well
a5 & full range of other consultancy and solutions such e Blade-specific
non-destructive testing and composite technology trainmg.

A Befits the currant waorld leaders in both installed wind capacity and
turbine manufacturing, Euwepe has the largest spread of test facilities
both in operation and under development. Gesmanys Fraunhaler
Institute opened its new Competence Centre Rotor Blades testing
facility in Bremerhaven last year Ag well as several bearn test rigs and
material elimate chambers, the centre’s twe test riggs can handle blades
up to FO metres and 90 metres respectively. The 90 metre rig - a giant
1000 tanne block of steel - can load blades along their length 1o a
maximurm of 1800 kM and bend them by up to 30 metres Uniguely, it
allaws the Blade to be tilted oo, Ta cOpe with demand, another test rigy
for 50 metre blades will go inte operation this year,

The latest development here & the DyMalab (Dynamic Macelle
Laboratoryl. When active in 2014, it will have a drive cutput of
10 W and will be used to test :Drﬂph:tl: nacelles ranging fram 2 MW s
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TURBINE TESTING
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Renk Labeco® 7 MW and 15 MW test igs break new ground in neproduang
the forces exerted on the davetrain by the romoe
Clemsan University Restoration Institute

7.5 MW A A0V artificial gricd will allew complets electrical certification
of test turbines, and the institute is currently wosking to scope the
test standds final specification. There are also plans for & new lab for
foundations and support structures st Fraunhaofers Hannover location.
This facility gives us the possibility to test the dynamic behavieur of the
carmglete structure with nearrealistic simulation of sail’seabed-support
structure mteractions,” says Dr Jan Wenske. & medium vaoltage lab, a
pitch-systermn test bench and a mainshalt lifetime test bench are ako
under developrent, he adds,

Fraunhefer is loaking to build furthers tudbine test sites, he saps
Germary aleady has the DEW] west sibe near Wikhelmshaven, curenty
helding ten protatypes tetalling over 19 MW, while & new site in Janneby,
Schleswig-Hobstein, will open at the end of this year Developed by GL
Garrad Hassan and two partners, Janneby will have sight test locations
suitable for turbines up te 150 metres m height Users will be able to
acoess services that indude wind, scoustic, power performance, load,
power quality and LVRT measurerments. & LiDAR st site is also planned.

The Methedands hoests Buwope's largest testing site in Lelystad,
where the first turbine started operations in June last year. Operated
by Ecofys, Lelystad can service ten twrbines with tip heights up to
200 metres. The main Duteh testing facility is Knowledge Centre SWhC.
Alble to test blades up 1o 60 metres long, it has operated sinee 2003,

Lpain's CEMER was the warld's largest independent turkine testing
facility when it opened in 2008, Under one roof, it hosts a full range
of static and fatigue tests for blades up to 100 metres, and can test
drivetrains of 2-& MW. Ta complement lab wad, CENER hosts many
other electrical testing, design and analyss services, and abo uns a
test wind farm offering high-speed and high-density (Class 1) winds that
can take turbines up ta & MW, The drivetrain lab offers a sic-degrees-
ef-fresdom drivetrain testing bench, & torgue-only nacelle test bed and
a generatar test banch,” says Pablo dyesa Pascual, directar of CENER's
Wind Energy Department. ‘The first two are capable of applying a torque
of & MNm and all have been dimensianed for 8 MW of main actuation.
W see a 12 MW power test bench in the near Tuture, hawever we have
ne farmalised plan as yet'

Ower in the UK, an investrment in the region of £150 million
(3240 million} means the Mational Renewable Energy Centre (Marec)
will soon rank among the top global independent testers. Joining the

existing 50 rmetre test facility, the new 100 metre blade-testing centre
wiill ke the word's largest and should be ready for commissioning by
September 2012 The 130 metre-long building will house a smgle Meog
hydraulic blade-testing rig. Thene will alse be 3 08 and 15 MW drivetrain
testers: the former & intended primarily for tidal turbines, but could be
used for wind too. The 3 MW centre is close 1o completion while the
15 MW facility is slated for completion by fugust 2013, The centre
albready offers a broad spread of services including a dry dock, sulbsea
and electrical testing, and a cold chamber that can drop down to
-20C. Marec is alse planning an offshore twrbine test site at Blyth,
Morthumberland, far 2004, Our USP will be the ablity to test on- and
affshore at the sarme time,” saps Steve Abbatt, Narees marketing and
eormrnunications manager, YWe'ne geared to large offshore turbines
and marine facilities, and will have the abilityy to replay extreme events
onshore. Our customers — manufacturers and project developers. —
weant to demaonstrate tudbines in UK sea and seabed conditions, with
learnings that translate o ather Naorth Sea locatians.”

Turbnine testing development in Denmad is focused on the Lindoe
Offshere Renewables Center [LORC) in Odense. Sall at the planning
stage, it will nclude facilities for welding research, foundation testing
and other mechanical testing for lubricants, gears, bearings and ail
filbers. Innavative ‘helicopter testing’ will evaksate how blade coatings
cope with mechanical strain, UV exposure and chemical resmtance, as
wiell as tip and leading edge ercaion.

The ather big development in Denmark is Risa DTU'S new turbine
testing field at Gstedld in nonhern Jutland. With space for seven
turbines up to 20 MW and 250 metres high, Gsterild augments the
Henvsare test centre, which can haold five turdbines with a macimurm height
af 165 metres. Turbulence at @sterild gives manufacturers 8 wider range
of test wind conditions, rmessured mare accurately by 250 metre-high
met masts, Advanced grid connection tedhnalogy will allow greaters
experimentation, such as checking turbine tolerance to varying grid
frequency. Bsterild's infrastructure is nearing completion, with two test
sites already available and it will hest the second protatype of Siemens’
& MW clfshare wrbine later this year,

With this rapid expansion of test facilities, manufacturers and
developers have more choice in where to develop prototypes and
prove new designs. Thowgh centres aften form long-tesm parnerships
with manufacturers, a8 mixture of knowledge sharing and competition
between independent providers can only help to raise test standards,
and o irmprove twrbine reliabadity and performance.

‘Companies need effective testing to pravent silly mistakes that
ceat raney and affect the ndustry's reputation,’ says MassCECs Rabul
Yarala. 'Of course, there's anly so much business out there and every lab
needs revenue. That's a good thing: it improves test timing, methods
and cost effectivensss”

Author Details

James Lawson is a freelance journalist focusing on the energy sector,
e-rmail: rew@pennwell.com

This artiche iz available on-line. Ta comment an it o forward it 1o 8
colleaguee, visit www BenswableEnengyiWorld. com
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bhasad malntenance is increasingly used to curb wind furblie

asts, especially offshore. Replacing me!n.nm [Pl vel Tt
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FIBRE OPTIC
MONITORING

Fibre Optic Blade Load Monitoring (FOBM) can be effective in ensuring that appropriate maintenance gets carried out in a

timely manner, according to Metherlands-based research firm ECH.

Candition based maintenance s increasingly uvsed ta curb wind
turbine operation and maintenance [O&M) costs, especially at offshore
sites where visits are prohibitively espensive. Replacing comective
rmaintenance with condition-based maintenance cuts downtime and
damage, while improving the planning of sctivities and the use aof
resources and equipment, which reduces costs.

Many systems are already on the market to monitos the health of
carnpanents. Approaches such as SCA0N data, drivetrain monitoring,
wisual inspections and oil samples are all commen practice in wind
energy and have proven their added value.

But all these technigues only start providing useful information
ante components have really started to degrade. As this degradation
i= strongly related to the loads acting on the compenents, ECN has
been seeking a salution te menitar mechanical leads.

LSinoe most of the loads are introduced via the rotor blades, ECMs
development have been focusing en a low-cost method to moniter
the blade root bending moments and process the data to help

turbine operators decide an ismues such as maintenance action to
prevent failures, when to pastpone or prioritise visits, or whether to
extend turbine life.

Features of an FOBM system

The systern is based an optical fibres with Bragag gratings to measure
the strain in the blade roots. Compared with the copper strain
gauges commaonly used for measuring blade root bending, optical
fibres should thearstically drift less aver tirme and last langer, while
providing reproducilble data.

Many attempts to demonstrate the advantages of optical fibres
for measuring strain in rotor Blades have failed. Mot only was the
technology not mature encugh, but the influence of temperature was
underestimated, and installing sensors and measurement equipment
left wirbines at 8 standstill for toe long. Final results losked far from
professional and once measuremnents were finally obtained, it was
unclear how to use them - they could only be added o the large
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CONDITION MONITORING
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The structre of the FOBM system

amount of data already available to the operators. ECN now claims its
FOBM system aflers the benefits of optical fibre technology without
its drawbacks. The system consists af:

* A patented sensor assernbly that s eassy to install and
n:Fl|a|:E. requ ires mo calibration, and pu'b‘\lidl:s reliable, accurate and
reproducible strain data over a very long period;

= A commercially available interogator to ead the fbe optic
SEFSOrE

= A messurement computer that derives loads data fram strain
data and combines the blade loads data with wrbine power line
cammunication [PLC) data;

= Wireless-LAMN to enable communication betweean the rater and the
wirhine base;

* Seftware for data processing that filters and cleans up the tirme
series, categorises the data per design load case, and provides key
figures, statistics, and graphs to the operator for O&M optimisation.

The antife system can be installed by regular maintenance
technicians in less than a day and requires no further skills in fibre
optics. Te measure blade bending moments in flapwize and edgewise
direction, four sensors must be installed in sach blade root. All four
sensars are connacted ta indvidual strings that are connected ta the
interrogator. The measured data can be obtained remotely.

Innowvative algorithms for data cleaning and filtering

In general, operators want ta know if their turbine aperates within its
design envelape, so that measures can be taken if necessary. Mext,
cperatars want to know il some turbines are mare heavily loaded than
others, 20 O&M activities can be prioritised along with analyses of
canditian manitaring data and inspection sl

ECM has implemented the data analysis as fallows, From the
beginning, the software starts building up & capture matrix with
statistically sufficient data that can be used a4 a reference data set.

Adl time series relevant Tor the capture matris {which displays
results according to load conditions) are stared, far purpases including
traceability. The time series are also used to derive fingerprints,
envelopes and criteria for rejection. Once the measurement campaign
i running, the software detects the |load cases [GP-EratiDﬂ.B' miodes)
predent irs the 10 minute time series, and spllts the tirme Sefes inko
single mode files - such as normal operation, start-up, shutdewn
or emergency shutdawn — and filbers out erroneous data. Mext the
software determines statistical data of the single mode files — such as
mifAirAurn, maximum, mean, standard deviation and “hu walent loads
= updates the load spectra plots, and analyses the frequencies,

Time series thermselees are only stored if they are wsed
far fingerprint  information  or  when  the processing s not
finished sucesssfully. The software provides manthly reparts, giving
information about the captured data, deviations frorm long-term
statistics, and & comparizon with fingerprint data. Furthermaore,
the monthly repors contain information about extreme loading
eonditions and possible emors in the measuremant system.

In the lenger term, the operator can ask for reports with
information about the comolative loading of the blades and rators
lequivalent loads, fatigue spectra) to monitor the consurmed lifetime.
This infarmation can be used for comparisen with design data ar for
comparizan with data of other turbines.

Statistics

Each manth an overview of the p:rfurrnanc: af the measurement
systern is generated. This repart provides details of measurements
over the preceding month and aver the system's lifetirme.

The data processing performs checks on the data quality, as
data might be rejected dws to measurement Taulis or unidentifed
upura!iﬁna| mades, These time series ane quaran!irled far further
analysiz as required and load results can be sdjusted for lost data,

Equiwa|:n! loads are caleulated for all medes. For stable Up-eralinna|
modes such as power production, equivalent loads are plotted 22 a
function of the wind speed. For transient modes, values are plotted
far each file. Values should be within limits set for the capture matrix
ard the p-h:h should enable sxtreme values to be sasily identifed.

Tew inform users about encountered loads, these are platted for the
relevant manth as well as for the aquipment’s lifetime. For the rmonthly
Fgures, a reference based upon the capture matrix is used. For the
lifetirme, an extermal reference should be used.

This external reference can be chosen depending on the
app|ir_'atinﬂ. Fer Priuri'llsing mamntenance, other turbines of the same
farm could be used for this reference. When the user is interested in
calculating the equiprment’s theoretical lifetime, & design spectrum
outlining the equipment’s intended parameters of use i the most
abwvious chaioe,
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CONDITION MONITORING

Under cerain conditions, time Series are analysed o examine
freguencies, which can reveal changes in the blades structural
properties apparent through shifts in frequency or amplitudes.

Optical Sensor Assembly

The FOBM systern requires four sensors per blade to determine
the blade load bending moments in both edgewise and flapwise
directions. ECN has developed a Bpm:ied sensor assembly for strain
rheasurernent in wind turbine blades as a plug-and-play device. The
sensor consists of a fibre with a Bragg grating mounted between tea
studs via a camier The studs are mounted an the inner side of the
bilade root at a distance of 10 em.

The carrier ensures that the fibee follows the displacerments of the
stucs so the strain in the blade root is measured cver enaugh length
e avaid local effects of the blade material. The carrier protects the
fibare fresm aharp b-endlrrg and also accornmodates & secand Bragg
grating for temperature compensation.

To install & sensor, the technicians glue the swds on the blade
with the help of & dedicated mounting tool. After a shart curing time,
the carrier can be mounted oan the studs and the pat:h cables are
pluaged in. The carrier with the fibre and connectars is assembled in
the factory under well-defined conditions and is already calibrated.

During eperation, the sensor provides strain data uncer both
tengion and compression with high accuracy (5 e aver a long pe”ud
of time. Re-calibration is rot necessary, because the sensar itsell is
wery stable, If, for whatever reason, the sensar shauld fail it can be
easily replaced. Since all assemblies are calibrated in the factory, on-
site calibration is not necessan.

This patented sensor assernbly has proven to work reliably, ta
provide strain data with high accuracy, and to offer easy installation
and replacerment. The fibre itself haz a very high ultimate strain and
can easily last 8 wirbinet lifetime, The most critical element is the
cannection between the blades and the studs. This is chosen for
application in existing turbines, although the sensor's design also suits
other fastening rmethods that match Blade manufacturing processes.

System architecture

Apart from the sensor and the software for data analysis, the system
consists of & cormmercially available interrogatar to read out the fikare
Oplic SENSOrE, & MEessUREment comgpuber that derives loads data from
strain data and combines the blade load data with turbine PLC data
and wireless-LAN to enable communication betwesn the rator and
the wrbine base,

Interregatess that meet the requirements of wind turbine applications
are available an the market, althowgh robostiness, price level and
perfarmance still reguire additional developrment. Several types of
gratings can be uzed, but Draw Tawer Grating in eombination with a
WM interregator with three channels is preferred in this application.
This approach ensures a robust and stable measurermnent system,
while the disadvantages of wavelength gratings is minos, due a well

cantrolled prnductiﬁn process of mrn[.rh:tl: measurement strings. In

Turbines. I0: Manth Lifetirme
Start Filas Time Files Time

[hour] [hur]
Elap=ed tirme Td4 30 850
1 Start 20 X 1071 134
2 Power production 4400 TOD 230,872 36,8680
3 Emargency shutdaown 2 2 107 98
4 Normal shutdaown 1B 2 984 a0
5 Idling at high wind 10 o 538 11
& Parked at high wind & 1 288 27
T Idling at low wind &0 10 2878 538
8 Parked at low wind 1 z 54 107
9 Waiting for wind &0 1 2878 a7
Walid single mode filas 4566 716 230028 aT74879
Quarantine BO 25 4258 1T
Time coveared 95.6% 84 6%

tionthdy statistics fraom an FOBEM nstalation

this case four different sensar assermblies are sufficient w cowver the
whale measurermnent range for one blade, while the configuration for
each blade can be k:pt identical

The measurerment PC iz a standard devies with a Windows operating
systerm. Data is imported frarm the turbine PLC as well as frem the blade
load measurerment systern. The measurerment software combines
these data, and processes the data which results n single mode
files. Based on these files, a database is filled with statistical data,
load spectra frequency plots and a capture matris with fingerprint
infermation. The amaunt of data te be stored i limited, becauis the
original time series ane thrown away after suceesshul processing. Only
tirme series which are used as fingerprint information (capture matrish
are stored in the system.

The user can access the system to retrieve the information required.
Thiz can be realised via standard communication pravisions. During
the de'uelupnlent pl'l.!se-_. the r:pﬁﬂirlg module runs an the remote
computer, For commercial implementation ather configurations will
be more appropriate.

Author Details
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ANTI-CORROSION

By Anders Violdsgaard Clausen

PROTECTING POWER
FROM CORROSION

DESIGN, SURFACE PREPARATION AND

APPLICATION ARE KEY TO LONGEVITY

Many parties are involved in delivering successful corrosion protection for offshore wind turbines. The steel fabricator, paint

applicator and paint supplier must all work closely together to avoid the risks of inadequate protection and costly on-site

repair work.

Corrosion protection iz always the last step during a production
process, When a job is behind schedule, there it often pressure on
the r.mirlt :hup to make up far last time l:r;- ha:terllnl_.] its part of the
production process. But trying to gain time by rushing the painting
process can have costly consequences.

Painting offshore structures in a2 paint shop costs from

€15 1o €25 per m?, dl:p-c-rrdlng on the setup of the mrk:lhcp and the

paint systern. The cost of coating repair work perfformesd on site and
anszhare i= abouwt 5 te 10 times mone, due to the logistics of getting
men and rmaterials to the job site and limited aceess to structures due
te weather conditions, I repair work must be done offshare, when
corrosion protection fails prematurely, the cost can increaze to mone
than €1000/m°, between 40 and &0 times the cost of daing the job
in the paint shop.
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ANTI-CORROSION

Onshore exposure implies generally eyclic dewfcondensatian,
with or without mings zalinity, and moderate expasure to sunlight,
resulting in moderate corrasion at holidays, weak points and damaged
areas of the coating systerm_ In contrast, affshore expoasure implies
long-term exposure ta humidity with high salinity, intensive influsnce
af UV light, wave action and the presence of a splash zone area, and
high eorrasive stress resulting in speedy corrsion at valnerable areas
of the coating system.

This difference in BXPOaIne SEverity g alse reflected in the mass
and thickress loss per unit surface af low-carbon steel and zine in the
first year of their unprotected expesure. For example, in Germany,
the anshose comrasivity is evaluated as being about C3, acearding o
10 12044, which curres-pr.mds to a thickness less of 25 te 50 pm. In
carnparison, for splash zone areas, as much as 500 prm thickness loss
has been obierved in the first year of service.

Key factors for corrosion protection

A gualified coating system is not enough 1o guarantes a successhul
corrosion  protection.  Certificates  and  approvals  are  often
everastimated. Indesd, the EN 1SO 12944, part 5 {German issue) lists
nine factars that are decisive for the durability of a ecating system. The
caating system itsell iz only one, and ather impodant factars include
the design of the structure [access possibilities), the design of edges
and weld seams, the workmanship of the applicator, the specific
canditian of the steel before surface preparation, and the exposuns
of the paint system immediately after completing application.

In effect, failure statistics show that the paint system itself s seldam
the reazan for the premature failure of the corrosion protection. The
paint industry is mainly :.upp|y|nr_.| 'ha”—pmdu:l:.": that is, twa or
rmofe camponent-reactive resing. |t is the applicator whe effectively
creates a chemically new substance that in the end provides corrosion
protection. Failure can occur during this process if the mixing of the
compaonents, the temperature contral, the time reguirernents, and
the app|i|:.5'|ir_1n af the midture ante corectly przpaw_-d surfaces ane
not all carried out properly. That is why permanent quality control and
supervision by gualified professionals are required.

Design considerations

The design and fabrication of steel used in wind turbine construction
is ecritical 1o its corresion protection. Before the applicator starts
their job, the steel builder has o provide a structure suited to being
Pain!ed suceassfully 1tis a law of nature that carresion will always start
at edages and weld searms - which is where the respansibility of the
stee] builder begins.

Coatings can only protect accessible surfaces - a fact often
r|Eg|ect|:d ir ceEsign. EM 150 12944, part 3. I:I|==iw_.1n Consaderations,
recarnmends that appropriate distances required for toals in corrasion
protection work are respectsd. It also recommends minimuom
dimensions for openings that provide access o confined areas,
mimimum dirmensions far narrew Spaces between swlaces, and the
incosporation of design features that may be used to aveid deposits
accumulating or water being trapped.

Construction designs that create insufficient access for painting
should be avoided. During the fabrication of an offshore steel

structure, the recommendations of 150 B501, part 3 (preparation
grades of welds, edges, and other areas with surface imperfectionsh
should also be considered. This relatively new standard, which
appears not to be well known at engineering offices and steel
construction campanies, is airmad at the stesl builders, not the paint
applicator. It gives recommendations about the reguired condition
of the steel surface if paints are to be applied later for long-term
torrosion protection.

Fer affshara structures, pr:pamllurl grades P2 ar P3 should be
specified, depending on the relevant details of the structure. This
means the steel surface should be free from welding spatters and
slags, pofes, undercuts and laminations. The surface alsa nesds to be
dressed by grinding] to remawve irregular and sharp-edged P.'ufi|es.

Pares are aften found, particularly en welds, and inspectars are
often asked if pores can be filled up with paint. Pores should never
b filled with paint or filler. The steal bwilder has to repair thern,
atcording to the demands of EM 50 5813, weld guality B.

Carractly designed weld seams are crucial to suecesshul cormesion
pratection. Handmade weld seams on offshone structures generally
need te ke ground by the steel fabricator before they can be painted.
Pear weld seam design will cause steel to carrode quir.‘khr.

It is aften helpful ta have someathing te show to the welder to
clarify what i meant by the right design for cormosion pratection at
a weld seam. The MACE Standard RF 0178, for example, provides

( BGB Engineering
il

Revolutionary Solutions

g dmmy Debrrae Bpwimes
e W M

Leaders In Wind Turbine Slip Ring &
Brush Holder Technology

T: (44) 1476-576-280
E: sales@bgbinnovation.com

Far more nformation, enter 44 at BEW.holims.com

WINID TECHNOLOGY SUPPLEMENT - OVEMELH - DECEMEER 2012

2013-01-23 10:02



13 0f 13

http://online.qmags.com/REW1112/printpage.aspx?pg=75,80,81,82,84,...

ANTI-CORROSION

Orffshore structures present some of the towghest comasion protection challenges for coating systems.

Hempeal

photagraphic examples of the ront and back sides of good and bad
weld searms.

Finally, the steel fabricatar has to be carsful about the condition af
the cafbon steel to be used to build an offshore structue. Unpainted
steel s characterised by four rust grades acearding to EN 15O BS0M,
part 1. For offshore structures, it is strongly recornmended to use
stesl with & rest grade not worse than B (Nossak MS0T), or nat worse
than C(EM 150 12%4d4). The servies life of a coating system depends
directly on the rust grade af the initial $teel and the degres of surface
preparation {Sa2 and Sa3 according to EM IS0 8501, part 1).

In swmmary, the steel fabricator has to be aware that he is
constructing an affshane structure that needs certain access and
surface conditions for successlul corrosion protection.

Surface preparation and paint application
The warkmanship of the applicator iz very important for a coating
system's long service e, Half of all prernature corrosion protection
failures are application-related; thus all operations must be high
quality and quality control checks must be frequent. Correct surface
preparation and coating thickness are definitely the most important
application parameters. Planning and informing the work crew of the
different procedures and, preferably, signing ofl an the results are
necessary to guarantes the right level of guality

Because offshore structures present some af the toughest
corrosion protection challenges for coating systems, the best possible
equipment and setup should always be wsed for painting. Automatic
blast facilities should be used o minimise varations in surface
cleanliness and surface roughness. Painting booths with climate
control and temperature regulation are recornmended.

Twa-camponent spray equipment should be used to rminimise
rhixing errars. The foreman and/or supernvisor should be qualified and
certified according to FROSIO ar NACE level 3 or equivalent.

The coating system

Today more than ewes, the market for corrosion protection of steel

wind turbine towers is typified by streng
competition. Coating application arcund
the clock, under time pressure, carred
aut by  foseign workers  with whom
comrnunicating  can  be  difficult,  are
typical aspects of a day of coating wosk.
Demand is increasing for fast-drying,
salvent-free coatings, lower thicknesses,
and in addition there & a nesd for
Tewer coats.

In  reality, suceessful  testing  and
certification for coating systermns do not
necessarily guarantes suecessful eoating
performance. Indeed, it s one thing
to apply the very best coating under
laboratary  conditions  anta  parfectly
prepared test panels and submit the
panels for labaratosy testing.

Replicating the same results on site,
an thousands of square metres of steel, applied around the cleck
and semetimes under less than aptimal conditions, is a completely
different matter. The mare difficult a coating systern is to apply, the
higher the requirements during application, and conseguently the
mare challenging the task of the paint applicator.

Coating materials should, therefore, not only be sasy to apgply,
but shauld alse, to sorme extent, be versatile enough to tolerate the
variations in application that oceur in daily practice.

Field experience matters

Mothing says mare about the quality and perdormance of a coating
systern than field experience. Such experiences offshore say much
mare than any tests ever can.

Cnly practical experience can demonstrate whether the coating
systerm can be reliably applied daily at different locations, at different
ternperatures, during all seasons, ento different structures, onto
complicated geometry, with low spray dust pickup, with good flow
properties, good sag resistance and good thickness tolerances.
And, furthermore, only practical experience  will tell whether
a coating system can even be reliably repaired on-site using
standard methads.

Howewer, while long-term experience with a company is the
mast reliable basizs for coating 2election when going offshare with
its coating selutions, new, unproven coating systerns will always be
reguired by an offshore wind industry in constant evalution.
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