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Introduction:

This marks the 14th Annual International Meeting of Test Stations. As the original charter states
these meetings are intended to be an international forum for sharing wind turbine testing
experiences. By sharing our experiences we can improve our testing skills and techniques. As
with all new industries the quality of the products is marked by how well we learn from our
experiences and incorporate this learning into the next generation of products.

Our role in this process is to provide accurate information to the companies we serve. This
information is used by designers to confirm and improve their designs. It is also used by
certification agencies for confirming the quality of these designs. By sharing our experiences we
are able to accomplish these goals, serve these customers better and ultimately improve the
international wind energy industry.

I hope that the friendships that are established during this meeting form the basis for open
exchanges throughout the year, until the next IMTS.

et Patlif”

A Division of Midwest Research Institute



STICHTING
ENERGIEONDERZOEK CENTRUM NEDERLAND Petten, 15 September 1982.

Proposal

Informal Working Group Wind Turbine Test Statioms

suggested rules of the game.

The working group is open to co-workers in national test statioms,

where a variety of different wind turbines are investigated.

The working group will normally meet once a year.

Presentations and discussions in the meetings will be informal. Writtenm
papers are not obligatory. There will be no offical proceedings. Only
minutes will be made to cover the mutual agreements on technical matters.
_ These minutes will be prepared by the host organisation and distributed
among the members of the working group.

One of the test station organisations will be the host for each meeting.

It will be decided during each meeting which organisation is to be the

the overnext meeting.

Each meeting will also have a short discussion on the aims and desirable
topics of the next meeting.

The host organisation is in charge of the secretariat of the working
group. This task includes:

. to prepare and organise a working group meeting;

. to take care of invitations;

. to fix the programme and agenda of the meeting;

. to hold the chairmanship of the meeting;

. to prepare and distribute minutes after the meeting.

The secretarial task will finish with the distribution of the minutes,
preferably within a month after the meeting. Then the relevant files
(lists of addresses of organisations and members, results of previous
meetings) will be forwarded to the mext host.

~ All organisational costs are to be borne by each host organisation.

Travel and accommodation expenses are for the account of each parti-

cipant.

l host for the next meeting. Also a tentative agreement will be made for
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IMTS AGENDA

Monday, September 12, 1994

8:30
8:45
9:00

11:30

1:00

5:30

Welcome and opening discussion
Introductions
Test station descriptions and status presentations

A. Fragoulis (CRES) Testing at CRES

S. Glocker (KWK) - Power Curve Parameter Sensitivity
Wind Energy Converters in Western Europe-
Technologies and Experiences at the German
Test Station

H. Klug (DEWI) - Noise Testing

A. Johnston (NEL) IEC TC88 Noise and Performance Testing

M. Ellsén (Chalmers U.) Hono Test Site Activity

Lunch (Walk to Boulder Mall restaurant of your choice)

P. Jensen (Risg) - Certification Activity at Risg

W. Stam (ECN) - ECN Certification Activity

T. Friis Pederson - Risg Testing Activity

V. Minin (IN) - Weibul Wind Distribution

G. Dmitriev (IEN) - Wind Energy North of Russia

N. Clark (USDA) - Testing Activities at the USDA

D. Berg (SNL) - 34-m VAWT Testing

W. Musial (NREL) - NREL Blade Fatigue Testing

N. Kelley (NREL) - NREL Anemometer Field Calibration

Vehicles leave for NREL sponsored dinner at Gold Hill Inn

CERTIFICATION ISSUES

Tuesday, September 13, 1994

8:30

11:30

12:00

1:30

4:30

C. Butterfield (NREL) - NREL Certification Program

C. Skamris (Risg) - Certification

R. Hunter NWTC) - Lloyd’s Certification Assessment
B. Sherwin (AOC - Certification

W. Stam (ECN) - ECN Certification Activity

Discussion and adjourn meeting
Lunch (Restaurant of your choice)

Tour of NREL National Wind Technology Center INWTC)
Vehicles leave Boulderado Hotel at 1:30 for tour

Vehicles return from tour at NWTC
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Testing at CRES

Apostolos Fragoulis
CRES






- 14th IMTS Meeting

e CRES' WT Test Station Presentation

Dr Apostolos N. Fragoulis
Head Wind Energy Program
- 12-13 Sept. 1994, NREL, CO



C.R.E.S.
WIND ENERGY PROGRAM

OBJECTIVES

- Transfer and Development of New Technology

9l

. Wind Industry Support and Development

Dissemination and Effective Use of Technology

- Certification of Wlnd Energy Systems

e Wmd Potentlal Assessment
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WIND ENERGY PROGRAM B
RESEARCH

1 Atmospheric Boundary'Layer
Wind Turbine / Wind Park Siting - Turbulence _

= 2. WT Analysis - Design - Optimization
(Blades, Transmission - Production System, Tower)
3. System Analysis
- Wind Diesel, Hybrid Systems |
- Penetration Optimization-Maximization
- N‘efw utilizations for Wind Energy




Measurement System for the

Wind Structure on Rotor Disk

3D-Sonic _
3D-Propeller

Cup-Vane

19




o WIND ENERGY PROGRAM
" R&D FACILITIES - CERTIFICATION

1. Wind Turbine Test Station |,
2. Mobile Test Units

3. R&D Laboratories
- Wind Diesel - Hybrid System Slmulator

- Blade Testing Facility
( Static - Dynamic -Fatigue )

A







CRES’ HYBRID WIND - DIESEL LABORATORY SYSTEM
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Capabillity of up tp 25m blade testing

Actuators N
__‘/

HYDRAULIC UNIT \{ DAS

LAl Lant L LR D CEDE DR T LT U T T T )
vy VWTUETIERC I 8 T 40 os s 50 00 08 00
AR R N O O

—ve

Actuators capable of ~60kN to 25kN loads at 750mm
displacements. ( Hz at 400mm displacement)

STATIC - DYNAMC - FATIGUE |
BLADE TESTING FACILITY



_ WIND ENERGY PROGRAM
PROJECT DEVELOPMENT

PROJECT MANAGEMENT
: NATIONAL INTERNATIONAL
. Prvate DG XII
- Local Authorities - DG Xl

- Ministry for Energy - -bGXvil




SOME FIELD PROJECTS

- Turbulence Measurements in 'Ciomp'lex Terrain - Wind Flow
(JOULE! Project) Location: ANDROS & CRETE

= 90 kw HAWT Performance Evaluation
( PRIVATE Project) Location: AKARNANIKA

- 150 kw VAWT Performance Evaluation
~ (DEMONSTRATION Project) Location; MILESI

- 100kW Hybrid W/D System Development
(DEMONSTRATION Project) Location: AGIOS EFSTRATIOS -

T4

- Test Station Development, 110kW HAWT - Infrastructure
(VALOREN Project) Location: AGIA MARINA, LAVRIO

- Dynamic & Fatigue Load Measurements  (JOULEIl Projects)



Figure 1.3 Detaild map of the Lind Patk c£ Andzos
® : Mast's locations, g: WT's locations
trsttuwenied T mo 4,
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Station : 021, ANDROS ISLAND . project : JOUR 0067
Height: 10m AGL, 151m ASL
Measurements period: from 04/07/91 to 13/02/94

Mean Wind speed
Stondard Deviation
Mean Power

Total Wind Energy

Weibul!l Distribution

7.4 m/s
4.2 m/s :
493.1 Watt/m2
10029.6 kWh/m2

Shape factor k 1.86

Scole factor C 8.3 m/s
Data information

collected data 122051

calms included (<2.0 nvs) 11ttt

missing data

15613 (11.3 %)

Circles percentage of the total Time
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Station : 021, ANDROS ISLAND
Measurements period: from 04 /07 /91 to 13/02/94
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VESTAS V27225
~ Kalyvari, Andros

Power curve (corrected for r=1.225 kgr/m3)
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VESTAS V27225

Kalyvari, Andros
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Site "Correction" Method
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Shear
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Flapwise Bending Mome

Blade Horizontal
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Load—cell output (V)
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results from AV.BAS (8/94) cup/vane

Stotion : 003, AG. MARINA LAVRIO, project : YBET -~ VALOREN

Height: 20m AGL, 116m ASL

Mecsurements period: from 06/08/94 to 03/09/94

Mean Wind speed 7.2

m/s
Stondord Deviation 4.2 m/s
Mean Power 484.9 Watt/m2
Total Wind Energy 308.8 kwh/m2
Weibull Distribution

Shepe factor k 1.80
Scole faoctor C m/s
Dato information
¢ollected dato 3985
~calms included (<2.0 m/s) 388
missing dato 191 ( 4.6 %)
Circles percentoge of the total Time :
Quter 80.0 %
Inner ’ 0.0 %
72
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Edgewise moment range distribution
Measurement period: 6/8 - 3/9/94 !
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Meas. No.

Date

20/8/94

22/8/94

22/8/94

3/9/94

Time

16

il

16

20

~ Cloudness

Temperature
*°C)

27

31

30

24

Average
wind speed
(m/s)

8.1

7.7

Range of
1min. mean
values of
wind speeds

(m/s)

6.5-9.7

6.2-94

5.2-9.9

5.5-9.6

Relative
humidity (%)

42

29

33

59

Barometric
pressure
(mbar)

1,001

1003 .

1,003

1,006

Sensitivity
AL, /AV
dB per m/s

- 0.93

0.87

0.75

1.08

Correlation
coefficient

0.57

0.59

0.69

0.81

LWA=
(dBA)

86.92+0.93 x

86.78+0.87 x

88.54+0.75 x

85.55+108 x

Sound
power level

(dBA), at
wind speed

of 8 m/s

94.4

93.7

94.6

94.2

42



Figure 2.4w
CRES Test Station, 3/9/94
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< Figure 6.4w
CRES Test Station 3/9 /94
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- Power Curve Parameter Sensitivity

Stephan Glocker
WINDTEST



Shareholders:

Tasks:

Founded:

Size (04'94):

State Schleswig-Holstein

District Dithmarschen
Community Kaiser-Wilhelm-Koog
Schleswag AG (25%)
Germanischer Lloyd (25%)

Operation of the Test Station for
WEC at former GROWIAN-site
Measurements on WEC due to effi-
ciency, noise, grid quality and loads
Consulting of utilities, planers, gou-
vernment and manufacturers

Site measurements and evaluations
Short time forecasting for load ma-
nagement for utilities

13. September 1989

9 Engineers
4 Workers and Sekretaries
about 5 Students

—

"WINDTEST KWK |wea 114

47




RENSRETE, 10 A 17 SR

Do fa(; f&w« 4+ _|  Prufung im Rahmen das +> Nachweis der Genehmi-
Baugenehmi = zhigkei
pvoce AL o gde Qm gungsfahigkeit
ung des . e = .
baulichen Teils: nen-ijx:(h:hen el ny' evhises
- Turmstatik - Lasten
'R%yyo\auue - Fundamentsly . i-n e
/rz!ku" Au-“l\o‘rt X XN
pr va\fﬁ-( I e e _ T\[”C oy ra\rml
L . T T
Einzeiprifung Typenprifung
6rﬁfung des maschi- ) 6rﬁf"ung des maschi- N
Prifung des nenbaulichenTeils: Prufung des nenbaulichen Teils: -
bauiichen Teils: - WKA baulichen Teils: -Lastannahmen
- Turmstatik - Turmstatik - Sicherheitssystem
- Fundamentstati| - - Fundamentstati{ - - Dokumentation
(evil. Prifstatiker ‘ - Rotorblatter
. - Komponenten
G /_
CQ\/‘I‘ZACa}—"av\ _
T peritin ™ |
ernf;zgerung > Nachweis der Qualitat
gegenitber Kaufern,
Prafung der Qualitat des Finanzierungsgesell-
Produkts (Leistungsfahigkeit, schaften und
Zuverlassigkeit, Verfugbarkeit) Versicherern
De g voval - - Priifung der Unterlagen
Sm«j oy owshctioy - Fertigungstberwachung 45 |
Fvons ,,orf' - Transportiberwachung Measuvements |
s Foullanfrionm - Montageiiberwachung  [“Messungen
- Lerf - Inbetriebnahme - der Leistungskurve
0 {”f'jre— - Prototyptest - - - . dor Schallemission
Sann~vys-atz -z ~- | - §gh der Beanspruchungen
R - os-i-.  LznachiEA
e et -

Typenprifung, |
Einzelprifung und WEA

Zertifizierung in der BRD

o
—

48

L -



Land

Deutschiand
"Prototypmessungen” (Entwurf) P""""“ﬂp*"—ﬁedum'f) Wra.‘ﬁ’)

. Ziel

Prototypen, die gefdrdert werden oder als Serienanlagen gefdrdert werden sollen,
werden auf ihre fundamentalen Eigenschaften hin unt ht. Ophon werden
zusdtziich die Lastannahmen der Anlagen nachgewiesen. fu.!) Schias

. WO be-

schrieben

Richtlinie noch zu erstellen?

Besonder-| 1. Standort solt windbeginstigt sein (besser als 5.0 m/s in 10 m HOhe) .

heiten

2. Alle Messungen an einer WKA-Einstellung

- unter-

suchte
Bereiche

Protofypmessungen
At b ficadcan -

1. Abnchme der WKA, Idendifikalion aller Komponenten und Einstellungen
2. Funktionsprifung des Ubemcxc:hungsys# _?a herheitssystems mit
Messungen Fuamctiowe! eyt (conbrsll a-sdt So svrhm )
3. Regeung Mesureasnd of contoll eﬂfv.r.ﬁ;
4. Wirksamkeit der WindnachfGhrung | of te LYo f‘ax‘eu\
5. Gerduschverhalten ... Sotnd d\..-ao{-grc;h¢ s
6. Leisstungskurve .. O eV Canvye
7. Nefzqualitdt ... @vick (osb’o-‘hb( “47
8. Zu- und Abschaltvorgang der Anlage mit Belcstungsme&sungen
9. Eigenfrequenzen im Stilstand
.. wnfuvred frequencies
Shukturmessungen (z.B. bei neuen Konzep’ten und Anlagen >500 kW):
Oold-‘kaho-‘ {vr’ WUEC>seola/: [oect PP RO U 2
9. Rechnerische Ermitiiung der der Anlage (in Betrieb und im Stilistand)
10.Biatt- und Rotorbelasiungen _ ‘Plodde emek moun shaff

l“vls - Cnd
&uc/La.aJ' ou‘f‘

erforderi-
che Meg-
kompa-
gnen

1. leishkmgskurvenesnilllung nach Landerrichilinie mit Azimetabweichung und
Korretahon des Gondercnemorneters
= zonmmessung: im Stililstand
Gemuschmesangen nach Landerrichtiinien
Netzmessamgen nach Landemichiinie (dreiphasig)
Sichesheilssysterns ((Regisitierung von Leistung, Drehzahl, Wind im Regelbetrieb,

.U'PS*’N

einfache Belastungsmessungen an Haupiwelle und einem Blatt, Abfolge der Sk
chexheitskette mit 0,05 sec-Aufidsung, evll in 1 oder 6 integrierbor)) -> mit einfache
Belastungsmessungen

zusGiziich:
6. Beloslungsmessungen und Vergieich mit der Auslegung : Wind, Azimutabweichung.

Biattbelastung in Schiag- und Schwenkrichtung, Rotorbelastungen (Biegemomente,
Torsionsmorment der Houptwelle, Rotorschub)

beim Zu- und Abschalivorgang, bei Notstop. Aktivierung der Sicherhetissysteme, evil |.

C:\GLOCKER\TEXTE\PROTOTY.DOC
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WEC

L.ug fevun meoyrvenetnls
Windkraftanlage

Langzeitmessungen

Short ferm wreas uren-enh
Kurzzeitmessungen

Resuitate:

. « Leistungskurye,

- Sensitivitit de
Leistungskurve,

- Analyse des Regel-
vehaltens,

- Drehzahiverhalten,

- Geberkorreiation,

- Azimutverhaiten,

- Optimierung des
Ab-~ und Umschaitens,

- Stérungstatistik,

- usw,

Datenbladt
Landestbrderung

R

L ]

Necessary For
Snbudies

Datenblatt
Landesfdrderung
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T

'piaf'o{j;ﬁ’f}
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erprobung

- Testfeld oder
exemn,

- Modifikationen,
Versyche,

- Dayer: 6-24
Monate

Serienanlagen

blace. tests........

Komponenten-
versuche -
(z.B. Blattests)

UaFerel Freginc i,
Eigenfrequenz-
messungen

NocSe e
Gerédusch-
messungen

[ NV
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messungen
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Netz-
messungen

o

SI.V':.Q) 4"@ M
yototype 725*(‘»»3 WINGTEST

Prototypvermessung

§’czc:o~| .

Sondermessung

- Infraschalimessung,
- Turbulenzmessung

~karpevschell

—l

1.

I~

st

Resultate:
- Verifikation der Auslegung
- Eigenfrequenzen der Bliitier

und des Turmes Im Stilistand,
- Verifikation der Auslegung.

i - Referenischallelstungspegel.

- Gerduschspektren,
- Wirksamkeit von Gerfusch-
minderungsmafnahmen
Datenblatt -
Landesfrderung

- Lastkollektive der Haupt.
komponenten,

- Schwingungsverhalten bei
verschiedenen Betriebszu-
sténden,

- Prifung des Sicherheitssystems,

- Lebensdauer von Komponenten.

« Flickerwirkung,

- Lelstungsschwankungen,

- Oberschwingungen,

- Schaltvorginge,

- Grundlage flir Netzplanung.

Datenblatt
LandesfSrderung
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Measurements

Raw data

Sile dala 11,

Results

Raw data time series |
triggered by events, by power downs or manuel W
Net power [kW] —— Blade piich angle ['] - standardized power curves e. g. according to IEA or
i 250 e 05 ECN-217
g Datum: 06.03.90 Uhrzelt: 14:38:33 - sensitivity of power curve on different parameters(e.
Ly IL Jul T g. turbulence, converting conditions...)
200 " 1 i 1) I 90 .
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100 ' ; d f! 80
L Y s
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collaction time {s) analysls - . 'gi“
* Ploture 1: Power oulput and blade pltch angle ; )
ST ; T
B S4 Roraora Windges bw Mion tm/e) '
Time series of averages (1 or 10-min) . , .
o ; it 1 S Plcture 3: Powar curve of Nordiank NTK 300/31
- wind speed at hub height s § i r r
- wind direction , i“ B .
[ 38 3 -
- ?""U i,":%sns‘;f e and temperature o & i 42 . || States (Schieswig-Holstein, Lower Saxony,
Y i _ o iy ¢ - [[Meckienburg-Vorpommern)
Parameters of the WEC: L <l T A Power curve acoording to IEA
- power output . s N Mogd f: || - standardized energy output at a 10mVs site
- rotor speed and other — i |# e Y
relevant parameters i “iﬁ 1§ T ” - fallure statistics and analysis
- digital signals (e. g. grid : & - operation statistics
connection) 8§ - Iverificati f desi | jolli thod
R St s il N BT S IReview of control behaviour (simple dynamic
Y 1N Picture 2: Power output and wind speed of a WEC analysis according to sampling rate: turbutence inter-
Data Acquisition system action, start and stop, high wind speeds ...)

: ~_Figure 2: Power performance testing




WINDTEST R el
Kaiser-Wilhelm-Koog GmbH mwsmmseee— DAR @

BAL-Brratachsangs-Siche (RRS) DAP-P.01.556-00.91.01

Priifbericht "Messung der Leistungskurve . . '
der VESTAS V-39/500 (auszug oot - WT198/94

Windkraftanlage: VESTAS V-39/500 o Anzabl | whind | Pwik | coan l
von bis Sitze
Rotordurchmesser: . 390m
Installierte Generatorleistung:..... 500 kW i W u tms) il i
. P | . '
Rotordrehzahl: 30 min 378 s 1 s 40 0072 !
Nabenhohe: 405 m 425 475 s 466 16,1 0218
Blatteinstellwinkel: entfalit 475 525 32 5,06 288 0.304
Blattyp: VESTAS 702005, 702000 525 |- 575 3 5.57 470 0372
. 8,75 625 81 6,00 6438 0,409
Mefprogramm: €2 675 94 647 &9 0.434
Messungen nach IEA Empfehlungen “Recommended practices 6.75 725 7 7.0 1149 0,455
for wind turbine testing and evaluation”, 7.2 775 89 7.50 1429 0,462
1. power performance testing, 2. edition 1990 775 825 6 7.88 1724 0464 .
- MeRzeitraum: 11.01.1994 bis 03.02.1994, 8.2 875 94 8.52 052 0,453 >
- Messiung des Windes in Nabenhohe. om | om | m | om | ms | om .
- Wuete Windrichtungen wurden m;ht berlck- 97s 1025 103 10,00 2052 0.404
i ) ) 10.25 10.75 &s 10,48 58 0,388
- Korrel_d1ur aukao;ns)bedmg:JEnAgen {Luftdichte 10.75 125 5 11,02 2576 0365
TLur =1.225 kg/m®) nach IEA, 1,25 1,75 0 1,51 3829 0344
- Genat_n’gkeit der Windges_chwind:lgkeits_geber durch 175 1225 81 12,00 406,3 0321
Kalibrierung: +/- 0,2 m/s im Bereich zwischen 4 und 1225 1275 75 1248 4252 0299
20 mss, 275 225 8 1303 4531 0.280
- Genauigkeit des Wirkleistungsmeumformers +/-0,5% 1325 1375 as 13,51 4729 0,262
bezogen auf 750 kW, 1375 1425 64 1398 4833 0,242
- Genauigkeit der Luftdichtebestimmung: +/- 0,25 %. 1423 bl « 1452 4348 oz
1475 15.25 S6 15,01 4987 0,201
15.25 1575 s3 1548 4994 0,184
Der MeBSumfang ist dem Bericht WT 176/94 zu ertnehxmen. ol id 8 | 1w | s j 0168
. 16,25 16,75 M 16,48 503,0 0158 |
1675 725 33 17,00 5027 0,140 i
1725 1775 2 17.44 503,2 0,130
17,75 1975 S0 1857 5022 0,107
1975 2175 “ 2058 5014 0079 I
2175 7S 15 247 5003 0,060
Nach IEA gemessene Leistungskennlinie: VESTAS V-39/ 500
600
- 500
=
x
o .
5 400 i
=
3
=
2 300 pohep
o .
£ 4
g .
£ 200
K3
a0
100 / \l
0 Pt
0 5 10 15 20 25 ,
Windgeschwindigkeil in Nabenhohe (m/s) -

11, Februar 1994

Gemessen durch: WINDTEST KWK GmbH Datum: 15, Mérz 1994
Sommerdeich 14b Unterschrift:
25709 Kaiser-Wilhelm-Koog
Tel.: 04856/901-0 . l/S‘ A f[ g
s2 (V. A-p- U




Measurements Results
Calculation of sound power level Lwa [dBA]

from the wind turbine ralevant to immission at 62 - T i
a reference wind speed of 8 m/s in 10m height ‘ S

Evaluation of the parameters

used for subsidizing by the L o SR
n ) erman states
- Noise measurements according to [EA

b b

- Sound power level per area at limited
immision levels ; : i
Effectivity of noise reduction methodg*s 6 78 K) 10
windspeed [m/s)]
Analysls of "?:?lem'ss'o" sourcs SOund power Ievel depended on wind speed
[ T AR T TTes RETTERGITVS IH
S Y o(sp FREEZE 1)
TI“!
WAL - [(#3]
| )
d894: @E-10 (Pa)t PUR 400 Lines  'MEAN PRESS INX (9
| 90 - . . . . . . " . . . . M . . E
60 e bisplayed
& 40 . Cursor Func. -)| 7
2: hampialoE ¢y [0isplay Func, <)
N - T o el i rrean e
Data-aquisition-system E Precision Duat Bipolar display of intensity and mean pressure
: Channel Environmental noise_prediction according to VDI 2714
2] Sound Real-time
Level Frequenzy e —
Acoustic measurement Meter Analyser _ v
- equivalent continuous A-weighted sound pressure fevel measured with a : :
flush - mounted microphone upon a hard board on the ground. . ) D Lo
- equivalent continuous sound pressure level In third - octave bands :
- narrow band spectrum _
Non - acoustic measurements '
- wind speed measured In 10 meters height L
- wind direction ) !
- power output oy PRy
- :):lor speed BEW) ﬁ@ d A t.«:;\ _ o gt
- metereological conditions N ] Lines of equal sound pressure levels around a wind farm

Figure 4: Acoustic measurements




Measurement - Results

- flicker effects caused by the WEC at various operating conditions
[ T - Analyse for harmonics and interharmonics up to 2500 Hz
‘f_ lsolntlon . @ - power peaks
® Amplifier ® - power factor of various operating conditions
o] - [ -~ pOWOT-fluctuations :
. - elapse of current and voltage at startup-and shutdown
,,l, L - voltage variations
D i - - total harmonic distorsion ‘
® Amm]“mg . ® - analysing of single cycle and multicycle events
° fliter ®
e
@ ansingibiiet ® A
r ]
) PY sonverter PY g
g it 4] |
21
Measurement of: N
- current and voltage 5. T 38
- 8 channels parallel 28838287 e
- up to 10 kHz each channel hatmanies 1 % 7988 CEER el
- long terms s
- startup shutdown

- harmonics and interharmonics " harmonics in a industial power system over 24 hours

- flicker effects
Measurements of the effects upon the grid will be a condition for -
the subsidizing of the northern German states.

Data - acquisition - system

Figure 5 : Measurements of effects upon electrical grid




Zuschalten der Kompensationsanlage
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Dala to bo measured:

- Stresses, acceloralions, displacomants of the malin parts e. g.
rotor blades, hub, tower

- Metearology

- Operaling data WEC

Realtime dala lor different operating conditons of the WEGC accor-
ding 10 IEA,

Sampling rato: e. 9. 350 Hz
Duration of each measurement: 600 sac
Number of channols recorded simultanoously: e. g. 60
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Results of idad and vibration measurements

- Datoermination of the load spectrum for the main parts,

- Evaluation ol the vibration bahaviour of the WEC

at dilferent oporating conditions,

Monitoring of the system behaviour using realtime plots,
Detormination of maximum loads, e. g. at emorgency stop,
Chock of tho safaly systom.

2
S
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Number of Load Cycles
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Load spectrum of a rotorshaft calculatod from measurements,

averago windspeed 6.5 nvs, life time 20 years

Load and Vibration Measurements

R. Rohden




HSW 750

Technische Daten:

- Bauart: Dreibléttriger Luvidufer
- Betriebsweise: Blattverstellung

- Nennleistung: 750kW

- Rotordurchmesser: 46 m

- Nabenhdhe: 556m

- Anlaufwindgeschwindigkeit: 5 m/s
- Abschaltwindgeschwindigkeit: 24 m/s

8S

Testumfang:

- Betriebs- und Leistungscharakteristik
- Prototypentest

Anlagenbeschreibung - WEA

HSW 750 1 04




TACKE TW 600

R

Technische Daten:

R 2 JIRARTYTR ¥R
bt A

- Bauart: Dreiblidttriger Luviédufer
- Betriebsweise: stall, polumschaitbar
- Nennleistung: 600/150 kW
H - Rotordurchmesser: 43 m
- Nabenhdhe: 50m

- Anlaufwindgeschwindigkeit: 3 m/s
- Abschaltwindgeschwindigkeit: 25 in/s

6S

Testumfang:

- Betriebs- und Leistungscharakteristik

Anlagenbeschreibung WEA
TACKE TW 600 ' 1 0 8




Heidelberg H - Rotor 300

Technische Daten:

- Bauart: Zwelblatt Vertikalachs - Rotor
- Betriebswelse: Drehzahlvariabel,

Gleichstrom-Zwischenkreis
- Nennleistung: 300 kW
- Rotordurchmesser: 32m (672 m2 Rotorfldche)
- Nabenhohe: 50 m-

- Anlaufwindgeschwindigkeit: 3,5 m/s
- Abschaltwindgeschwindigkeit: 28 m/s

09

Testumfang:

- Betriebs- und Lelstungscharakteristik
- Prototypentest

Anlagenbeschreibung
Heidelberg H-Rotor 300




MICON M1300-600/150 kW

Technische Daten:

- Bauart: Dreibldttriger Luvidufer
- Betriebsweise: stall, polumschaltbar

- Nennleistung: 600/150 kW

- Rotordurchmesser: 41m

- Nabenhdhe: 45 m

- Anlaufwindgeschwindigkeit: 3 m/s
- Abschaltwindgeschwindigkeit: 25 m/s

19

Testumfang:

- Betriebs- und Leistungscharakteristik

@ | ~ Anlagenbeschreibung WEA

MICON M1300-600/150 kW
| 107




l ' - 4 Messungen in Danemark

Testfeld im
Kaiser-Wihelm-Koog

Stand: O8.94I

Messungen an Serienanlage
Messungen an Prototypen l

Bearbeiter:

@ Leistungskurvenvermessung WEA 1 t
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Wind Energy Converters in Western
Europe
Technologies and Experiences at the
German Test Station

Stephan Glocker
WINDTEST



Seminar on Wind Energy for Russia
EC-Energy Centre Moskow, 28th - 28th April 1994

Wind Energy Converters in Western Europe
Technologies and experiences at the German Test Station

S. Glocker
WINDTEST Kaxser-erhelm-Koog GmbH, Sommerdeich 14 b, 25709 Kaiser-Wilhelm-Koog, Germany,
, Tel: 04856/901-0, Fax 04856/901-49

ABSTRACT.

Tests and experiments are of fundamental significance for Wind Energy Converters (WEC). This technology is
still in the developmental stage, further essential progress is expected as a result of practical research. Appro-
priate test procedures and measurement campaigns are important for prototypes as well as for series produced
WEC. The range of tests is including measurements of power performance, loads and vibrations, noise and grid
effects. For Prototypes the tests can be carried out at the test station for WEC of WINDTEST at Kaiser-Wilhelm-

Koog. Machines in a range between 0,8 and 750 kW with different concepts are installed at the most important
German test station actuaily. The test procedures and the different concepts are shortly discribed in the follo-
wing.

safety, static and dynamic strength, as well as noise emis-
sion and electrical characteristics. The resuits either con-
firm with the assumptions being made in the design calcu-
lations or lead to a2 modification of the design. This in turn

1. INTRODUCTION

During recent years wind energy has become an increasing
commercial factor in Germany. In Schieswig-Hoistein,

where hailf of the German WEC-capacity (330 MW in
12'93) is installed, wind energy supplies the regional electri-
cal consumption with about 3% overall. All WEC are con-
nected to the grid. The main reasons for competitive pro-
duction of electricity out of wind energy in the windy coastal
areas are the promotion subsidies by the governments and
the legal situation in Germany. Feeding into the grid is re-
gulated by two important laws, which force the utilities at
first to take electricity of private power plants to their grid
and secondly to pay a good price for the energy out of re-
newable power plants (0,17 DM/&KWh).

Therefore the significance of measurement campaigns on
research and development has increased. On request of
manufacturers and operators Germanischer Lloyd (GL) and
WINDTEST Kaiser-Wilheim-Koog GmbH (WINDTEST)
carry out measurements on WEC with regard to effeciency,
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has effects upon the costs and the quality of the product (e.
g. service life, efficiency).

Some of these measurement campaigns are required for
the application for subsidies from the governments of the
coastal states of northem Germany. Power characteristics
and sound pressure levels have a direct effect on the total
amount of the financial support [4].

GL examines and certifies WEC according to the SOcsety
rules and/or standards and reguiations at the site of opera-’
tion. The Society supervises the manufacture, transport and
construction commissioning of WEC as well as the testing
of materials and components and. operational testing. The
compiete certification procedure inciudes tests of WEC and
periodical surveys [9][10].

A further application of
measurements is to serve as
an instrument for damage
analysis for manufacturers
and insurance companies.
Measurements are not only
., used for verification, but do
also furnish a proof of quality
: thereby serving as a sales
argument.

Most of the tests are caried
out on the test station at Kai-
ser-Wilheim-Koog, which is
operated by WINDTEST (see
Picture 1). )

2. _SCOPE OF TESTING
FOR PROTOTYPES
AND COMMERCIAL
WEC

A usefull scope of testing
covers the following indivi-
dual measurement cam-
paigns:

Picture 1: Test station at Kaiser-Wilheim-Koog, Germany
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e Power measurements including recording of service
data

¢ Measurements of ioads and vibrations

e Noise measurements

e Measurements of grid effects

During the period of concept realisation and design material
and companent tests are an important instrument for the
verification of the design parameters. New concepts often
are based on newly developed components such as rotor
blades, generater systems or gearbox concepts. Some of
the component tests can be carried out on test beds, but it
is not guaranteed that the test conditions are realistic in all
details. As a consequence component tests shouid be
verified by measurements on prototypes.

During prototype testing one of the most important tasks is
testing and evaluation of fatigue lcads to confirm design as-
sumptions. The optimization of noise emission and power
performance is a main subject of WEC-tests and special
measurement campaigns are required. Noise and grid ef-
fect measurements are carried out after all revisions and
improvements of the prototype have been made.

For commercial and series produced WEC it is recomman-
ded to perform the compiete test procedure, because each
certification, subsidizing and authorisation require parts of
the measurements. in most cases changes of the WEC's
concept or design lead to new examinations and approvals.

In Germany the northern coastal states Schieswig-Holstein,
Lower Saxony and Mecklenburg-Vorpommern have defined
special test procedures to be fulfilled before granting sub-
sidies (4]. Power performance and noise measufements
according to IEA-recommendations [1], [6] including
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Figure 2: Power performance measuremert procedure

measurements of effects upon grid are necessary. The

subsidies directly depend on the quality of the

e power characteristics represented by the calculated
energy output at a standardized site (5,5 m/s in 10 m
height) and the

* noise emission represented by the area taken by the
WEC where a sound pressure level of 55 dBA is being
exceeded.

In addition to that measurements of the effects upon the
grid will be obligatory in future, but these wiil not have any
influence on the subsidies. ~

3. SPECIFIC MEASUREMENT CAMPAIGNS

3.1 Power performance measurements

Figure 2 is the overall view of the power performance
measurement procedure including data collection, avera-
ging and data analysis.

The procedure aims at measurement and evaluation of
power curves for energy production caiculation. The power
curve is a graph which despicts the net power of a WEC as
a function of the wind speed. The wind speed, measured at
hub height, and other meteorological parameters are refe-
red to the centre of the WEC-rotor assuming they were not
disturbed by the presence of the turbine. This reference can
only be taken at reasonable homogenious terrains having 2
minimum of influence on the wind sheer. Site calibration by
flow modelling or experimental investigations should be
used with care, because the required accuracy of the
measurements hardly can be achived. All sensors shouid
be of high accuracy. Especially anemometers have to be
calibrated before and after the measurement campaign.
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Depending on the sampling rate the time histories of the da-
ta can include informations about dynamic effects such as
start and stop or effectiveness of the power controll system.
Time histories can be triggered by different events. Data are
reduced to minutes or 10 min-values and stored as pre-
averaged times series.

The coilected data have to be processed using using par-
ticular methods, e.g. the determination of the power curve
according to different recommendations [1, 2, 3]. In case of
sensor or system failures, grid variations and special me-
teoroiogicai conditions (e.g. wake effects on measurement
tower or WEC, icing, high turbulence intensities and in
some cases precipitation) the respective data sets can not
be used for the determination of the power curve. The se-
lected data shall be corrected to standard air density of
1.225 kg/m® according to the recommendations. They are
sorted using the "method of Bins". Depending on the re-
commendations a minimum of data sets for each bin is
required. The data around cut-in and cut-out suffer from
high uncertainties because of dynamic effects (e. g. hyste-
resis). These have a high impact ‘upon the statistical de-
termination of the power curve.

The time for the measurements required for a power curve
depends largly on the environmental conditicns of the site.
Different campaigns have shown that it usuaily takes about
three to eight weeks to complete a power curve e.g. at Kai-
ser-Wilheim-Koog. ’

It is important to present the results immediately, preferably
during data collection. WINDTEST is working on a new
measurement system which will show specific evaluations
online.

The power performance measurement procedure of WIND-
TEST is accredited according to DIN EN 45 001 since 1892
3.2 Load and vibration measurements

In cooperation with WINDTEST GL carries out load and
vibration measurements on the test station at Kaiser-wii-

heim-Koog during prototype testing.

As it is shown on the flow chart of the data aquisition sy-
stem (see figure 3) the PCM (Puise Code Moduiation)
method is used within these measurements. This method
enables a safe data transfer from the rotating part of the
WEC as well as a simultaneous data aquisition of many
channels with high sampling rates.

For the data aquisition a software was deveioped by GL,
which carries out measurements according to the IEA-Re-
commendations [5] in automatic operation.

The measured data are transfered to the GlL-mainframe
computer, where software for an efficient evaluation of
extensive data files is available.

The reasons for and results of the load and vibration
measurements (short term measurements) can be summa-
rized as follows:

e Determination of the icad spectrum for the main com-
ponents in order to carry out calculation of expected li-
fetime, check of the design and comparison with the
calculations

s Vibrational behaviour of the WEC at different operating
conditions in order to find resonant frequencies if pre-
sent .

e Monitoring of the system behaviour using realtime plots
e. g. to optimize the controi system

e Determination of the maximum loads for the main
components, e. g. at emergency stop

o  Check of the safety system

3.3 Noise measurements

Noise emission of WEC is an essential topic for the intro-
duction of wind energy. The noise emission of WEC is de-
termined according to the IEA method [6]. The continues A-
weighted sound pressure level ('-Aeq) has to be measured
in five positions around the WEC.

All measurements have to be carried out with a microphone
which is flush-mounted on a hard board upon the ground

Resitime cata for dffersnt operating conditions of e WEC acoor- MMW“WW

ding  IEA. of he bad lor e main pare,
Sampling rate: . g. 350 Hz & of he af e
Durasion of each 500 sec 2t Siteree operating conditions,
ot . 6330 - Mariaxing of the sysm dehaviour ysing realime placs,
- L s loass, ¢. g at emergency sop,
E300
Z
%200
F--J
3'e o
- [-]
2
-100
2 20 90 Twmefs] 100 Frequency Analysis
Torque i 0w rotor shaft of 3 WEC
= A3 emargeny s =
ru =
£ a2 T
%OJ §.
o ' g_xen
a1 2
S
Daz © bs measured: 2.2 @ ° B
3 0 1t 10t 10* 107 100 10t
- . p olthemanpatse. g 2.3 N of Load Cycles
oKy tiades, M, wer
* Memorolagy Actmierscons of te nacelie Load ofa trom
- Operating dca WEC Qung emergency sDp average wndspeed 6.5 avs, Gte ame 20 years
Figure 3: Load and vibration measurements
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- equivalent continuous A-weighted sound pressure level measured wih 8
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- narrow band spectrum ° .

Non - acoustic measurements

- wind speed measured in 10 meters height
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- wind direction

- power output

- rotor speed

- metereclogical conditions

Site data“

{see figure 4). The wind speed during the measurements
should be in the interval of S to 10 m/s in a height of 10 m.
The resuits in downwind direction are used for determining
the relevant sound pressure level. A picture in Figure 4
shows the relation between the noise emission and the wind
speed measured 10 m above ground together with a nar-
row-band frequency spectrum.

Based on measured sound pressure levels at different
WEC, WINDTEST evaluates predictions of the environmen-
tal noise for locations and compares those to the limitations
in the surrounding. After the erection, measurements are
carried out to verify the predictions.

3.4 Measurements of effects upon electrical grid

Usually WEC are connected to the grid of the local utility. in
some circumstances this can affect applications connected
to the grid.

The main affects are flicker, harmonics and disturbances
caused by start up and shut down. To examine a WEC with
respect to this, measurements will be set up at the con-
nection point to the grid. With these measurements infor-
mation will be obtained tc decide whether a WEC has
neglectable effects upon the grid or not.

Currents and voitages at the power connection point have
to be measured. Depending on the signals the different ef-
fects can be analysed. The evaluation of harmonic distorsi-
on and flicker effects demands iong-time measurements,
while the measurement of start up and shutdown requires
short-time measurements with a high sampling rate. An
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Frgure 4: Acoustic measurements

overview about the measuring procedure is shown in figure
5. ‘

4 _TEST STATION AT KAISER-WIL HELM-KOOG

The test station at Kaiser-Wilheim-Koog is operated by
WINDTEST. At that place the manufacturers have the op-
portunity to operate their prototypes under good conditions
and to get them tested and measured by an specialised and
independent authority. At excellent wind regime the per-
mission procedure is very easy in comparison to commer-
cial sites. The placements are prepared with universal fo-
undations, grid connection and measurement system for
easy instafiation. The infrastructure of the test station is
shown in picture 6. The electricity feeds into the grid of
SCHLESWAG, the electrical utility of Schieswig-Holstein.

The work at the test station started in 1989 with smalier
WEC, using former GROWIAN-infrastructure. in 1890 8
machines were installed with a rated power between 1,5
and 100 kW, most of them have been tested in not grid
connected versions e.g. for underdeveioped countries. As
the size of the WEC increased, the test station expanded to
machines up to 750 kW. At the moment 7 machines with
2000 KW in alt are in test.

The Atlantis WB15 is the smallest test machine. A photo-
voltaic panel and a wind generator charge a batterie which
can supply small consumers such as measurement or
relais stations.

Sterne 60 from GERB with a rated power of 60 kW is a
pitch-regulated two bladed downwind operating WEC. The
biades are mase from wood, the hub is teedered.
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The HMW6E70 from Heidelberg Motor is a gearless vertical
axis construction (H-Darrieus). It has a rated power of 300
kw, a hub height of S50 m and a rotor area of 670 m2. The
generator system is a walking field generator in combinati-
on with a grid induced AC-DC-AC converter systemn. The
first series produced machines are now installed near the
test station at the moment.

The AEV 41/500 is a stall regulated WEC with a gearbox
integrated into the hub. With a hub height of 40 m, a diame-
ter of 41 m the turbine can operate in two rotationai num-
bers {150 and SC0 kw).

Since 1993 the prototype of the HSW 750 of Husumer
Schiffswerft is installed. With 46 m diameter and 750 kW
this is the biggest machine before series production at the
moment The generator is connected to the gear box by a
fiuid coupiing system.

As test sites are all occupied at the moment other sites
have been found near the test station. A Danish made
Micon 600 prototype with 600 kW and 43 m diameter and a
German Tacke TWE00 with similar dimensions are under
test outside the test station. Both are from the commercial
view very interesting concepts, at a good site as Kaiser-
Witheim-Kaoog is they produce maore than 1 500 000 kWh a
year.

The adresses of the manufacturers of test machines are:

e AEV Windkraftaniagenbau GmbH, Westerbreite 7,
49084 Osnabrick, Germany.

e Atlantis gGmbH, Glogauer Str. 19-21, 10999 Berlin,
Germany.
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Fgure 5: Measurements of the effects upon the efectrical

e GERB Gesellschaft fir Isolierungen mbH & Co.KG,
Postfach 510230, 13362 Berlin, Germany.

¢ Heidelberg Motor GmbH, Petersbrunner Str. 2, 82318
Starnberg, Germany.

e Husumer Schifiswerft GmbH, Postfach 1320, 25803
Husum, Germany.

e Micon, Milkovvej 8, DK-8S00 Randers Heistrup, Den-
mark.

e Tacke Windtechnik GmbH&Co. KG, Postfach 1261,
48497 Salzbergen, Germany.

5. CONCLUSION

WEC are from the technical point of view very complicated
machines. Due to of commercial and reliable production of
electrical energy a lot of efforts in research and develop-
ment have been done and still remain essential.

Therefore a test station is an important factor for the deve-
lopment of WEC. A test station should be located in a
windy region, so that the tests can be worked out quickly
and the operation of the prototypes is realistic in any way.
The infrastructure must obtain grid connection, measure-
ment systems, meteorological towers and foundations
which can be adapted to the WEC.

The measurement campaigns have to be worked out in
detail for each machine, the measurement procedures
should be conform with international standards. A usefuil
scope of testing procedures for prototypes includes measu-
rements of loads, vibrations, power perfarmance, noise and
the effects upon electrical grid. Series produced WEC can
profit from tests carried cut on the protatype, if they have
not been modified.
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Picture 6: Ground-plan of the test station at Kaiser-Wiheim-Koog (04'54)

The most economical size of WEC is at the moment bet-
ween 450 and 750 KW rated power. Therefore the rotor-
diameter is between 36 and 46 m, the hub height is bet-
ween 40 and S5 m.

New concepts of WEC tested at Kaiser-Wilheim-Koog with

good chances of effort are:
Vertical axis wind turbines with a direct driven walking
field generator

e using AC-DC-AC-converter systems for grid connecti-
on, preverable with grid feeding by pulse-width-moduia-
ted converter

e vibrational isolation of components or the compiete
nacelle for noise reduction

e gearless generating systems

e more flexible rotational speed of asynchronious
generator systems by using of fluid coupling

e combination of wind and solar energy for small consu-
mers without grid connection

e combination of WEC and diese! generator (e.g. H-Ro-
tor 20 by Heidelberg Motor GmbH tested for Antarctic)

Other tasks of WINDTEST outside the tests are consutting
of utilities, government, planers and manufacturers due to
wind regimes, noise impact, park efficiency and economy.
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3. Statistical Analysis

3.1 Reproducability

Date a b m/s (150 1/s) %
08.03.93 - 0.04880 0.350 8.16 -
09.03.93 0.04870 0.340 8.13 -04
06.04.93 0.04862 0.373 8.15 -0.1
30.04.93 0.04835 0.428 8.16 0
18.01.94 0.04828 0.425 8.15 -
05.03.94 0.04814 0.430 8.13 -0.2
24.03.94 0.04773 0.490 8.13 -0.2
04.05.94 0.04852 0.364 - 8.13 -0.2
08.07.94 0.04864 0.406 8.19 -0.5

S By O o= W

Tab. 12 Reproducability of 5 calibrations for two anemometers. The last calibration
(08.07.94) was done with a different pitot tube.
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Fig Frequency distribution of 28 DEWI anemometer calibration results at 160 Hz. The
average is 8.15 m/s with an standard deviation 0of 0.0 3 m/s.
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EWE — Wind Farm Hamswehrum
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Monitoring Fatigue Loads in Wind Parks
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IEC TCS88 Noise and Performance
Testing

Allan Johnston
NEL
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14th International Meeting of
Test Stations
12-13 September 1994
Boulder, Colorado, USA

Activities at the
National Wind Turbine Centre,
NEL, UK

Raymond S Hunter & Allan G Johnston
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NEL
+ 250 Staff

« Turnover 93/94 £13.5 M
* 1989 Government announced that NEL should be privatised

* 5 year transition to a customer driven organisation operating
on a commercial basis

* Objective to attain commercial viability prior to privatisation

« NEL will be privatised by seeking a trade sale in the summer
of 1995

* To be completed before the end of 1995
» To achieve laboratory wide ISO 9001 accreditation in 1994

901
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NEL _

NEL is an international technology services
organisation providing a range of

engineering technology skills in the

following fields throughout the UK, Europe
and Worldwide:

L01

« energy, the environment and process engineering 272
* oil, gas, water and multi-phase flow measurement 2¢%
* structures and materials testing 117

» computer based measurement and control systems /7



NEL

The services offered include:

* Problem - solving
* Consultancy
e Contract R&D

* Design

801

* Simulation & Modelling
~* Measurement & Testing
* Training & Technology Transfer

- e



National Wind Turbine Centre _\_\t)z
(NWTC) RS

e 14 Full-time members of staff

60t

* Over 10 years experience in wind energy

* 1985-93, Government contracts to carry out
under-pinning research for the development of
wind turbine standards



NWTC

1993

* Reduction in Government business due to
organisation and policy changes within
government department

oLi

* NWTC core business from commercial
contracts with utilities, windfarm operators,
and developers in the following areas

-



 Performance verification

* In-service load monitoring

LLL

 Noise emission measurement
* EMI consultancy

» Tendering for Power Supply Contracts



NWTC

The NWTC services are utilised by the
following client base:

45"

* Land Owners and Developers

e Manufacturers |
* Government & European Commission
 Financiers

» Utilities and Windfarm Operators
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NWTC
The NWTC facilities are extensive and comprise of:

» Wind Turbine Test Site (Myres Hill)
* Mobile Wind Monitoring Systems

€Ll

* Mobile Performance and Load Monitoring Kit
* Wind Modelling Software

» Extensive Design and Modelling Software

» Blade Testing Laboratory

» Materials Laboratory

* Anemometer Calibration facility



Hono Test Site Activity

Magnus Ellsén
Chalmers University



WIND ENERGY RESEARCHAT CHALMERS

Departements:

'Dept of Electrical Machlnes and Power

Electronics

Control Engineering Laboratory

Personel:

Electrical system 5
HOAno Test Station 12
Control Engineering 2
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- WIND ENERGY RESEARCHAT CHALMERS

1994 - 96
ELECTRICAL MACHINES
Directly Driven Permanent Magnet Generator
Modelling of Induction Machines - Wind Farm
Design of Synchronous Machine
Temperature Modelling of Induction Machines

CONVERTERS
Transistor (IGBT) with simple control

ELECTRICAL SYSTEM |
- Optimal Control, low losses, increased speed

POWER QUALITY

CONTROL ENGINEERING
Methods - Variable Speed,
Tests at HONO

HONO TEST STATION
Stall control, variable speed, measurements
Directly driven Permanent Magnet Generator
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- WIND ENERGY RESEARCHAT CHALMERS

COMPARITION BETWEEN TWO ELECTRICAL
SYSTEMS FOR VARIABLE SPEED.
- Synchronous Generator with Diode Rectifier

-Induction Generator with Transistor Recﬁﬁer

by

Ph.D. Ola Carlson
M.Sc. Anders Grauers
M.Sc. Jan Svensson
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Synchronous generator and diode rectifier

* T DC filter

and

* * inverter

TN
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+ Can be used with a diode rectifier | *+ The least complicated rectifier

— More parts and larger than an
induction generator +Low losses
— More expensive than an induction

generator — Non sinusoidal generator

current




Induction generator and transistor rectifier

% DC filter
and
*k *z inverter

+ Can control the DC voltage

N\

Lzt

+ Nearly sinusoidal generator

+ Very simple design current

— Needs an expensive rectifier _ High losses

— Much more expensive than
a diode rectifier




Economical comparison

for 400 kW systems:

Losses that reduces the energy
production by 1% is assumed to cost 1%
of the wind turbine price
(1% losses =~ 4500 $ )

All costs and prices are related to the
price of a 400 kW induction generator
(=17 000 $)
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Relative costs for a 400 kW system

Synchronous Induction
generator and | generator and
diode rectifier | transistor rect.
Generator
price 1.2 1.0
'Cost of
generator 1.9 1.3
losses
Rectifier | 0.1 2.0
price
Cost of
rectifier 0.5 1.3
losses |
total cost 3.7 . 5.6'
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Comments
Both systems can be used for wind turbines.

Non sinusoidal current in the generator is no big disadvantage. It only
increases the losses a little

If the turbine needs motorstart a system wuth diode rectn‘ler must have
extra start equipment

Synchronous generators are usually open (IP23) but enclosed
generators (IP54) are also made. Enclosed generators are preferred in
wind turbines. The price in this comparison is for a enclosed synchronous
generator.

Synchronous generators can be made with about the same eff:cnency as
the induction generator.

Conclusions

The cost of generator losses are often more important for the total cost
than the generator pricel

Even if the transistor rectifier becomes much cheaper its losses will still
make the diode rectifier a more economical choice.

The synchronous generator only have one advantage

compared with the induction generator, but it is an important
advantage: It allows the use of the cheap diode rectifier!

124
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WIND ENERGY RESEARCH AT CHALMERS

The wind turbine of the future ?

A4

Control

'

Z
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Diode
rectifier

Transistor
inverter

Grid

INTEGRATION OF  Structure dynamic, Aerodynamic

Electrical and Control systems
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Certification Activity at Risg

Peter Hjuler Jensen
Risg National Laboratory



THE DANISH TYPE APPROVAL AND CERTIFICATION SYSTEM

Peter Hjuler Jensen
Head of The Test Station for Wind Turbines
Risp National Laboratory, Denmark.

Jorgen Lemming
Head of the Wind Turbine Section
The Danish Energy Agency.

1. INTRODUCTION

The majority of wind turbines build in Denmark have been regulated through a public
systems approval scheme as a part of the administration of the Danish subsidy scheme for
renewable energy installations. This approval scheme has been in force since 1979.

In connection with the decision to stop the subsidy scheme for wind turbines in Denmark,
a new system for type approval and certification of the quality assurance systems for
production and installation was established in 1991. The new and more comprehensive
system is presented in the present paper.

The background for the establishment of a new approval scheme in Denmark is a common
desire from manufacturers and users that a coherent set of rules and quality control systems -
for wind turbines should be created covering the complete process from design to

installation.
2. THE DANISH TYPE APPROVAL AND CERTIFICATION SYSTEM

2.1 General

The legal basis for the approval scheme is a law (no. 2 of January 2nd 1981) about the

utilization of renewable energy sources etc., which was last modified by law no. 302 of May
16th 1990.

The approval scheme includes the complete process from design and production to
installation. Approval is mandatory for grid connected and non grid connected wind turbines
with a rotor diameter larger than 6 m.
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The approval scheme consists of a type approval and a certification of the quality control
system for the production and the instailation.

In addition, principal components can receive a limited approval. Principal components are
components whose value constitutes a substantial part of the production price of the wind
turbine installation. Examples are blades, machine frame, transmission system, gearbox,
generator, tower, foundation and control.

The approval scheme must ensure compliance with current safety requirements but must
also ensure, that quality aspects such as performance and noise emission are properly
documented.

It is the goal that the system shall satisfy as far as possible those requirements set by both
producers, wind turbine owners, insurance companies and authorities.

The approval is based on a verification of the wind turbine supplier’s documentation of his
product, possibly supplemented by control calculations, and tests.

The approval scheme applies for wind turbines installed in Denmark excluding the Faroe
Islands and Greenland.

Both land-based and off-shore wind turbines are covered by the approval scheme. Generally
an effort is made to ensure that the type approval can be used for all wind turbines erected
either in Denmark or abroad.

The approval scheme has been adapted to requirements and procedures needed in the
future with a view to the technical harmonization and application within the European
Community after 1992.

An approval does not absolve a wind turbine supplier from the responsibility for his product.
23 Organization of the approval scheme

The scheme is administered by the Danish Energy Agency which has set up an advisory
committee consisting of representatives from the following organizations:

The Association of Danish Wind Turbine Manufacturers
The Consumer Association of Danish Wind Power Works
The Society of Insurers

Danish Electricity Works Association

The Danish Energy Agency

Test Station for Wind turbines
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The Danish Exiergy Agency chairs the committee and the Test Station for Wind Turbines
provides the secretariat.

The supreme administration of the combined scheme is handled by the Danish Energy
Agency in collaboration with other state authorities concerned, including especially the
Agency of Industry and Trade for the accreditation of authorized bodies.

The Danish Energy Agency authorizes the institutions, certification companies etc. which
act under the scheme and which must perform the concrete, practical approval work,
including type approvals and certifications.

Institutions, companies etc. will be authorized in accordance with both nationally and
internationally recognized criteria and standards in order to ensure impartiality in the
treatment of the matter.

Further, the Danish Energy Agency will ensure that a co-ordination of the authorities’
requirements occurs, and it will follow international work in the field of rules gnd
certification together with the authorities appointed under the scheme.

3. TYPE APPROVAL OF WIND TURBINES

3.1 General

The objective of the type approval is to ensure a satisfactory quality of the documentation
of the wind turbine design and specification (drawings, parts lists etc.) which are to form the
basis for the production, installation, operation and maintenance of a wind turbine type or
a main component of the same. The type approval is issued against the background of a
verification of the wind turbine manufacturer’s documentation of the wind turbine design
or main component design concerned, supplemented with tests in relation to The Technical
Basis for type approval and certification of wind turbines in Denmark (Ref. 1 hereinafter
termed the Technical Basis) which is the present technical basis for Danish approval system.

The type approval of the wind turbines must, on the one hand, ensure compliance with
current safety requirements concerning

- Safety systems

- Mechanical and structural safety
- Personal safety

- Electrical safety
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and, on the other hand, ensure that the documentation of the Wind turbine type fulfills the
requirements in the Technical Basis with respect to technical quality, including

Life of machine and electrical components
Efficiency

Reliability

Noise emission

For approval a complete and unambiguous documentation material must be present. The
quality of the documentation shall be such, that if the production, installation, and operation
of a wind turbine is carried as documented, it is ensured that the requirements in Technical
Basis are fulfilled.

3.2 Wind Turbine Type Approval and its Maintenance

Under the type approval the following are approved:

Design, including the external conditions assumptions

A specific design with drawings, specifications and part lists, and also description of
functioning

Requirements for the specifications for production, transport, installation -and
maintenance of the wind turbine

Holders of a type approval must maintain the approval every year by documenting to the
type approval authority :

A summary of wind turbines erected

Reports of substantial defects and accidents in operation which are known to the
holder of the approval

A product specification, emphasizing changes in construction or production

A request for continuation.

The type approval authority shall approve all changes in the product specification.

33 Major Damage (accidents/incidents)

Major damage (accidents/incidents) of which producers or suppliers become aware shall be
reported immediately to the approval body and to the Test Station for Wind Turbines. The
type approval body decides on eventual consequences for the existing type approval.
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3.4 Wind Turbine Classes
Three approval classes are defined, termed classes A, B and C.

Approval class A is the final comprehensive approval. It requires both a type approval A

without any outstanding issues and a certified quality assurance system according to ISO
9000 for production and installation.

Approval class B requires a type approval B (type approval A, but possibly with a list of
outstanding issues). No safety related points can be on the list of outstanding issues. A

quality assurance system made on the basis of ISO 9002 for production and installation shall
be described.

Approval class C is a pure safety approval normally for prototype wind turbines for a limited
period (maximum 3 years).

3.5 Contents of Type Approval Documentation Material

The following documentation material must be enclosed with the application for type
approval:

- design assumptions, including

- environmental assumptions (e.g. wind conditions, park effects, soil conditions,
temperatures, lightning, earthquake effects, icing, and for off-shore turbines also
wave, current and ice load)

- operating specifications (yaw error distribution, number and loads in relation to
starts and stops, effectiveness of the brake systems, time and number of
yawings, strategy for output regulation and control algorithms, loads on the
electrical grid) -

- specification of the wind turbine foundations

- the wind turbine control strategy and safety-systems

- references to safety codes and standards used

- preconditions for the production of the wind turbine

- preconditions for the transport and installation

- technical lifetime and efficiency.

133



- Drawings and specifications and parts lists for the wind turbine.

- Description of the function of systems for safety, control and regulation (electrical and
mechanical).

- Loads, load cases, dynamic behavior etc. derived from a detailed description of the
wind turbine’s operational modes, both for the turbine operation, transport and
erection, including a description of the wind turbine’s dynamics.

- Demonstration of the wind turbine’s strength and robustness in wear and tear parts.
The documentation must be produced by the manufacturer on the basis of eg. safety
codes and standards, with the aid of calculations and measurements etc. If using non-
standard materials, material properties must be documented.

- Documentation of the strength of the load carrying parts of the wind turbine.

- Specification and documentation of ultimate and fatigue loads in the joint between
the tower and foundation. )

- Documentation of the electrical system with respect to personnel safety, according to
the Danish regulation for electrical safety, and to loads on the grid.

- Specification of the quality control requirements for production and installation .

- Instructions for production processes, including tolerances, materials, temperatures,
etc.

- Instructions for transport and installation. The instructions must be included in an
installation manual. ‘

- Procedures for the commissioning of the wind turbine.

- Operation and maintenance instructions. The instructions must be contained in a
service manual.

A time schedule for the provision of the necessary documentation must be agreed upon
between the applicant and the approval body. If the time schedule is are not adhered to by
the applicants, the approval body is entitled to report the rejection of the application.

The technical rules in the Technical Basis for approval is based on existing national and
international codes and standards which are relevant in the field of wind turbines.
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Where possible, Fields not covered by the above codes and standards are supplemented with
instructions in the present basis for approval and in the set of recommendations, given in
Ref. 3: "Recommendations to fulfill the Technical Basis for type approval and certification
of wind turbines in Denmark".

The rules in the Technical Basis for approval can be waived if it can be documented in a
satisfactory manner that the safety and quality level are not reduced.

The documentation can be supplemented with reports documenting supplementary
measurements of loads etc, and with documentation of component tests and tests of details
which are undertaken by the manufacturer or his sub-contractors. '

Where a component approval exists, it is normally sufficient to present the approval
document and to demonstrate, that the use of the component is in accordance with the
component approval.

For both classes A, B and C a wind turbine prototype is inspected by the type approval body

‘In connection with the processing of the application for a type approval.

The approval body shall inspect the wind turbine in operation. During this inspection and
under his own responsibility, the manufacturer must demonstrate through function tests the
correct functioning of the wind turbine including all control and safety system functions. At
the same time personnel safety measures is examined.

The type approval body can further undertake random spot check of wind turbines that have
been erected. Under these checks, the identity with the approved wind turbine type is
checked.

3.6 Required Measurements

Where a wind turbine documentation includes results of measurements which are carried
out by a non-authorized body, the type approval body can request an independent
verification of these. The verification must as a minimum contain an examination of the
calibration, measuring equipment, measuring procedures and results, a visit to the test facility
and, if the test runs over several days, a further unannounced inspection during the tests.

For verification of the wind turbine documentation the type approving body can arrange
further tests where the documentation is uncertain, where values in the documentation
deviate from the expected ones, or where generally accepted calculation procedures are not
used. A differentiation is made between a basic measurement program, a systems
measurement program and component tests. The tests must be carried out by an institution
or a firm which is recognized by the Energy Agency. )
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The type approval body will further initiate inspection on a random selection among the
erected Wind turbines.

3.6.1 Basic Measurement Program Requirements

Where the type approval body considers that the documentation of safety systems, noise
emission and power curve (power performance) forwarded is insufficient, the type approval
body will require that a basic measurement program is undertaken. Normally the type
approval body requires the measurements to be carried out by an accredited body.

3.6.2 Systems Measurements Program Reguirements

Where the type approval body considers the documentation of a wind turbine insufficient
as a result of unusual features in the wind turbine designs which are not documented in
verified measurements, for example a new rotor design, a new wind turbine concept, or a
new wind turbine size, the type approval body will arrange a more comprehensive check, a
systems measurement program. The contents of the systems measurement program shall be
adapted to the wind turbine type concerned and its special problems.

3.6.3 Component measurements

Where the documentation of a part in the wind turbine is insufficient, the type approval
body can request a component measurement program.

The rigidity, strength and fatigue properties of the blades must be documented by
calculation and by both ultimate and fatigue testing of the blade.

For blades, the following are the minimum requirements on the measurements:

- For wind turbines which are approved according to class A and B the documentation
must as a minimum include the result of a basic measurement program and a blade
program where the properties of the blade are demonstrated.

- For wind turbines which are approved according to class C the documentation must

as a minimum include the result of a proof test-of the blades where the properties of
the blade are demonstrated.

3.7 Type Approval Reporting
The type approval work is concluded with the issue of a certificate of approval and a report

giving an account of the approved wind turbine type, of the verification work carried out,
of the assessments made, and of possible disputes during the approval process.
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The report must contain a description of the approval work and of the result of the
assessments given. In addition the report must include:

- a list of approved drawings

- a list of approved part lists and specifications

- a list of reports

- a list of requirement specifications

- a list of wind turbine manuals

- a list of outstanding matters and a timetable for the clarification of the outstanding
reservations

- an inventory of documentation received

The report is drawn up in triplicate, one copy to the applicant, one to the Test Station for
Wind Turbines, and one to the type approval body.

3.8 External Conditions
3.8.1 General

This section describes the climatic and other external conditions assumptions used for the
demgn of wind turbines for erection in Denmark, excluding the Faroe Islands and
Greenland.

For erections abroad, a special investigation must be made on the adequacy of the climatic
assumptions below. In some cases, corresponding information on climatic and external

conditions for the potential installation sites must be obtained and used in the design of the
wind turbine.

Climate conditions

The following climatic conditions have to be taken into account in a design in accordance
with Danish Standard 472 "Standard for loads and safety for Wind turbines”, Ref. 2:

- Wind conditions (normal and extreme)
- Lightping

- Icing

- Hail

- Temperature (normal and extreme)
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Other conditions

The following conditions have to be taken into account in a design in accordance with the
Danish Standard 472 (ref.2)

- Terrain (roughness, overspeed and increased turbulence due to non homogeneous
terrain)
- Erection in wind farms (increased turbulence)

In the selection of the wind condition assumptions account must be taken of the possible
form of terrain where it is intended to erect the wind turbine type concerned. As a minimum
the assumptions about the following terrain conditions must be stated in the documentation
of the construction and dimensioning of the type of wind turbine.

- Roughness of terrain

- Overspeed effects with non-homogeneous terrain
- Increased turbulence in non-homogeneous terrain
.- Shelters (increased turbulence)

- Air humidity .

- Salt and dust content in the air

" Chemical effects

- Salt water spray

- Ultra-violet radiation

Besides these external conditions the following emission phenomena shall be specified in
accordance with the requirements.

Noise conditions

In connection with the erection of wind turbines in Denmark requirements limiting noise

emission are laid down by the Office of the Environment (Ref. 4). For the determination
of the noise emission of a wind turbine the measurement and the method of calculation
given in Ref. 4 shall be used.

Reflection conditions for blades

The assumed reflection conditions for blades must be stated in the wind turbine’s
documentation, according to the following classification:

Class Description Brilliance figure
I Matt < 30%
I Half matt/half gloss 30-70%
I High brilliance > 70%
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The reflection properties are measured according to DS/ISO 2613.
3.9 Requirements for the Control and Protection System

In the following the requirements for the control and protection system are given.

Control system

The control system must keep the wind turbine within its normal operating range. The
normal operating range must as a minimum be given with:

- a maximum 10 minutes average wind speed at hub height V.. (stop wind speed),
under which the wind turbine may be in normal operation.

- a maximum output P___ averaged over 10 minutes, which must not be exceeded for
a wind speed at hub hexgbt of Viomintub< Vinar

- a maximum frequency of rotation n, . for the he wind turbine.

- a maximum long term mean power P, (nominal power) understood as the highest
power on the power curve in the Wind velocity interval V; -V ..

The control system shall monitor operating parameters which are of importance for
functioning and safety. As a minimum in the design stage one must consider whether the
following parameters should be monitored:

- wind speed

- external temperature

- critical temperature in components(generator, gearbox, etc.)
- twisting of cables

- voltage and frequency

- network (or single phase) outage

- power output

- rotational speed

- yaw deviation - difference between the wind direction and the wind turbine
orientation

The control system must initiate the necessary actions to keep the wind turbine within its
normal operating range, e.g.:

- Yyawing

- blade regulation

- activation of brake system

- connection to the electrical grid
- power limitation

The control system’s monitoring and actions must be adapted to the design of the wind
turbine.
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Safety system

The following requirements are set for the safety system:

- The safety system must be fail safe for a failure of the power supply

- The safety system must be tolerant of a single fault in a sensor, in the electronic and
electrical as well as in the hydraulic system or in active mechanical mechanisms, ie.
an undetected fault in the system must not prevent the system from detecting a state
of failure and carrying out its function.

- The safety system takes precedence over the control system. Only manual activation
of emergency stop must have priority.

- Structural parts in mechanisms in the safety system are classified in a high safety class.

- The safety system’s reliability must be sufficient for one to be able to ignore a
situation where the safety system fails with exceedence of the extreme operating range
as a result. This extreme operating range is defined by a maximum operating and a
maximum transient speed of rotation. Reliability can be ensured with

- over-all fail safe quality of the complete safety system, or

- duplication of those parts of the safety system where there is no fail safe
quality, or

- frequent checking of the safety system’s level of functioning, where the interval
of checking is determined through a risk assessment an evaluation of the risk.

The requirements for the wind turbine’s safety system can be fulfilled by complying with
Danish Standard DS-472 Norm for Load and Safety of Wind turbine Constructions (Ref2).

3.10 Structural and Mechanical Safety

3.10.1 Safety

Wind turbines must be designed to

- withstand the presumed stresses with a given safety
- function satisfactorily in normal use

- have sufficient resistance and robustness

during the expected life with correct use and maintenance.

Demonstration of the fact that the load carrying construction elements and machine parts
have the prescribed safety can be done by calculation, testing or a combination of these.

The rotating parts in a wind turbine must be classified in a normal or high safety class.

The general safety requirements are contained in DS 472, Loads and Safety for wind
turbines, Ref. 2.
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3.102 Limit Conditions
A wind turbine’s safety must be demonstrated in relation to the following limit states:

- fatigue limit state
- maximum load limit state (ultimate limit state)
- accident load limit state

The wind turbine limit states shall be investigated for load combinations which are derived
from possible design situations, combined with the relevant external conditions to load cases
in accordance with Danish Standard DS-472.

Furthermore, safety must be demonstrated in relation to the following usage limit conditions:

- corrosion
- crack formation
- wear.

The wind turbines limit states stall be investigated for both the normal and extraordinary
load situations (or operational modes), combined with both normal and extraordinary climate
conditions in accordance with DS-472. Extraordinary modes are only combined with
extraordinary climatic conditions, if the mode is entered because of the extraordinary climate
conditions.

3.10.3 Materials

The properties of materials used in wind turbines must be documented in accordance with
existing design codes and standards or be documented at a corresponding level.

Materials must be marked in such a way that their properties can be identified in an
unambiguous manner.

3.11 Personal Safety

3.11.1 General

In a wind turbine’s design and dimensioning and also in the carrying out of instructions and
procedures for transport and assembly, operation and maintenance it must be ensured that
a wind turbine does not constitute an unacceptable risk for persons who are working on the
wind turbine or are staying in its vicinity.

Furthermore, it shall be possibly to comply with the notice no. 43 of the Ministry of Labor
of January 22nd 1981 "Notice about the setting up and use of technical aids” at all times.

3.11.2 Transport. erection and Installation

Instructions and procedures must be drawn up for the transport of the wind turbine, for the
assembly and erection and also for the running in. The requirements for personal safety
must be borne in mind when drawing up the instruction. Instructions and procedures must
be described in an installation manual which must be approved.
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The wind turbine and tackles for the erection must be dimensioned for the loads which can
result during transport, assembly, erection and running in, compare above.

The maximum wind speed at which the wind turbine may be erected must be clear from the
instructions. '

It must be ensured that procedures and instructions are known and followed by the party
responsible for transport and erection and also by fitters and others who are working on the
wind turbine.

3.12 Electrical Installations

3.12.1 General

Safety requirements are set for the wind turbine’s electrical installations with regard to
personal protection, the wind turbine’s own function, electro-magnetic disturbances and
power network effects.

Further the rules in the Danish regulations for electrical installation must be adhered to, to
the extent that they apply:

- Safety for persons and property
- Production without disturbances in operation
- Long life for the material and expedient maintenance.

Requirements concerning power network effect deal with both the wind turbine’s effect on
the power network and the effect of network variations on the wind turbine.

4. PRODUCTION CERTIFICATE

4.1 General

The approval scheme’s requirements for a production certificate aim at ensuring the quality
of each single wind turbine or main component, including compliance with the approval for
the product.

The production certificate is based on the verification of the manufacturer’s procedures for
quality control during production complying with the type approved specifications.

It is assumed that the technical requirement specifications for production are specified in

connection with the type approval, and that the necessary drawings and specifications are
present.

4.2 Certification of the QA-System for Products

When applying for a certification of the quality assurance system for production or
installation, the manufacturer must forward to the certification body the following
documentation.

- All relevant information about the planned wind turbines which will be produced or
installed, including copies of any type approvals issued.
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- A description of the quality control system

- A statement from the producer/supplier to fulfil his obligations in connection with the
quality control system used, including then maintenance of the system and its
continuous proper and effective functioning.

- A quality manual complying with the requirements in DS/EN 29002, and describing
all relevant conditions in the firm.

- A description of the quality assurance measures which ensure the desired quality of
product normally described in activity plans/programs for the products concerned.

The followidg elements in the QA-system is certified by the approved body in accordance
with DS/EN29002:

- The management’s responsibility

- Document control

- Requirements for purchase

- Product identification and traceability

- Process control

- Inspection and checking

- Inspection, measuring and inn equipment
- Inspection and inn status

- Control of deviant products

- Handling, storage, packing and delivery
- Registration re quality

- Education and training

- Issuing of certificate

- General

- Procedure .

- Maintenance of the certificate

- Verification

- Deviations

- Top level control

S. INSTALLATION CERTIFICATE

5.1 General

An installation certificate aims at ensuring the quality and safety of the wind turbine in
connection with transport, assembly and running in.

A precondition forthe issue of an installation certificate is that the requirements for the
quality control system for installation are in accordance with the technical requirement
specification laid down in connection with the type approval

The installation certificate and the production certificate mentioned in chapter 6 can be

combined if the applicant works in both fields and the procedures fulfil the combined
requirements. ' '
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An installation certificate for wind turbines erected in Denmark includes a verification, that
transport, assembly, erection, and running in of a given wind turbine installation have been

carried out in accordance with the conditions in the type approval and compliance with
current rules.

The following elements in the QA-system is certified by the approved body in accordance
with DS/29002: '

Quality control system

The management’s responsibility
Document control

Requirements for purchase

Product identification and tractability
Quality in installation

Inspection and checking

Inspection, measuring and inn equipment
Inspection and inn status

Control of deviant product installation methods
Handling, storage, packing and delivery
Registration re quality

Education and training

Issuing of certificate
General
Procedure

Maintenance of the certificate
Verification
Deviations

Top level control

CONCLUSION

In the paper the Danish wind turbine approval system is presented. The system has now
been working in 2.5 years and after the first corrections the system is now beginning to work
as an operational approval system.

The system have been designed in accordance with the new approach for approving systems
in the EU, and is now liberalized so that also institutions outside Denmark may obtain an
accept to approve wind turbines for erection in Denmark.

In general the new approval system has increased the quality of the documentation
significantly and it is expected that a long term reliability of the turbines will be improved.
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ECN Certification Activity
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ECN = RENEWABLE ENERGY

*  WIND ENERGY
* SOLAR ENERGY

*  BIOMASS (Waste included)

ECN
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(1/3)
PHOTOVOLTAIC SOLAR ENERGY

ADVANTAGE

* LARGE POTENTIAL

* DISPERSED APPLICATIONS
- Roofs

- Parking area’s
[ Example: *°U - enrichment)

* PASSIVE SYSTEM
(No mechanical wear & corrosion)

DISADVANTAGE

* EXPENSIVE (Presently 5+10%)
* STORAGE

e -

ECN

i
i
i
i
i
i
i
]
l - Highway verges & lay-by
i
i
i
i
|
i
i
]
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| 2/3)
PHOTOVOLTAIC SOLAR ENERGY

+ NL-POTENTIAL ALONG: [KWh/y1]

- Highways’s : 2%
-Sec. RDS : 22%
- Train tr. : 1%
= 25%
* NL-PROGRAMME i

2010 : 250 MWp
Energy savings: 2 PJ (< 1%o0)
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(3/3)
PHOTOVOLTAIC SOLAR ENERGY

ECN-RE R&D

%k

Cell & Cell material characterisation:

- performance (current/voltage);

- spectral performance;

- local spectral performance (light
beam induced current mapping);

- recombination efficiency;

(photocurrent decay measurements);
- reflectance measurement, etc.

Modelling

Cel & module process improvements
- defect passivation & gettering
- surface texturisation

- contact improvements

Grid integration

PV-field measurements <§ »
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BIOMASS

ENERGY CONSUMPTION
IN NL: 2300 PJ

POTENTIAL CAPACITY (per year):
- Waste : 50 PJ
- Forestry :20PJ
- Manure :20PJ

90 PJ
- Energy crops 140 PJ
- Balance 30 PJ

Total = 260 PJ
TARGET (2010) . ~ 4% %

PRESENTLY (1994) : = 1%
(Waste & Forestry)
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WIND ENERGY

* NL-PROGRAMME: 1000 MW : 2000

- Presently installed
- Assume WT

- Number of WT

- Time span

- Installation rate

* STAGNATION

- Costs
- Reliability

: 130 MW
: 500 kW
: 1800

: 6 yr.

: 300/yr
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WORKING AREAS ECN RENEWABLE ENERGY

Solar Energy (PV)

* Characterization of cells & materials

(8 characterization methods in state of
the art. lab.)

* Modelling of high efficiency cells

* Cell & module process development
(processing lab.)
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ECN RENEWABLE ENERGY
MANAGEMENT

Secr. & Finances

Wind Energy Solar Energy Systems
®V) (a.0. Biomass)

-
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WORKING AREAS ECN RENEWABLE ENERGY

Wind Energy

* Wind field modelling

* Rotor aerodynamics (dyn. stall,
~ dyn. inflow, field aerodyn. facility)

* Loads
(integral model)

* Strength & Fatigue
(fatigue testing lab. & procedures)

* Concept developments
FLEXHAT concept, WEGA study)
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WORKING AREAS ECN RENEWABLE ENERGY

Systems

* Electrical conversion & control
Wind: direct drive generator, AC/DC/AC
convertors, Control strategies

PV: module integrated invertor DC/AC,
invertor development and testing

* Monitoring
Wind turbines: power, wind speed, acoustic
noise, loads

PV systems: power, solar insulation,
efficiency

* PR(S)A
Wind turbines

* Certification tests and standards
Wind turbines, Solar systems (PV and
thermal) (in preparation)

* Biomass gasification/gasturbine
BURE pretreatment, BUFF: gasification,

gas cleaning

ECN
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Performance factor ———=

THE DEVELOPMENT OF THE PERFORMANCE
FACTOR OF WIND TURBINES AS A FUNCTION
OF THE YEAR OF MANUFACTURE [1]

4

0 L] L4 : T
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Year
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Risg Testing Activity

Troels Friis Pedersen
Risg National Laboratory

(Unavailable at time of printing)



Weibul Wind Distribution

Valeri Minin
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KOLA SCIENCE CENTER RUSSIAN ACADEMY OF SCIENCES

ITNSTITUTE for PHYSICAL
and TECHHNOLOGICAIL PROBLEMS
of ENERGY in HORTHERN AREAS

e ey

Phonet: 37-3125 32-4Z&

Teiex: 126129 KOLSC S

APATITY
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History.

Enevrgy research within the Kola Science Centrel KBC 3

of the US5R &Lcademy of Sciencee starteda in 13d8. In 1373 the

RO energy vesezrch  group  vecieved  the status  of  the
csenarates Energy Research Department. In 1937 the USSR
Counsil of Ministers made the decisicn to  strengthern

ld of ensvrgy at the EBD in acordance

e vears later the Enevgy Research Department

was reinstituted into  the Institete for Phyesical  and
Technologiczl Prok

1
aof the Acaiew of Scisnces.

Research Directions.

General research objective of e IEN dig working ocut
the effective regional enevgy wolicy as well as the means of
ite promotion under modern soc

"To reach this chjective the Institute carvies ifs researc

in the following dirvections:

- eearch For and investigation o f socially arid
ecologically effective wpaths of energy development undey
emerging market conditions with accounting for specifics of

- studying problems of reliakble and' effective
glectricity supplies to  the consumers under specific

cnditionse of the North;g
- development of electric impulse technologies of

destructing minerals.

Today the main scientific, perscnnel and Fimnancisxl
roterntial of TERMN isconcentrated o the first of

abhove—mentioned directions. In the frame of this airvection
t

we digingwiceh The following problems as the most  imporiant
o~
ones:

- working cut effective energy concervation policys

ion of enviveoenmental impacte of

H
i
o+
i

— analvses and e.aﬁ'

energy programmes and projectsg

— perspective utilizstion af renswable &
unconventiconal enerdy sourCes.
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The Institute’s structure

Fesearch Council

DEP2RTMENT
of emergy consumption

and conservation
tabhoratoriecs:
of industrizal ewneray

demanad

problems

(=)
e (I
n
{n]
n
()
o
fon)

[n]
n
o
n
he]
i
<

A&t precent theve

THE BOA&RD

DEPARTMENT DEPARTMENT
of emergy sunply of power engineering

and electrophysics

Lakoratoriss: Laboratories:
of systeme develop-— af electrophvsics
ment
of ecological prob-— of electric imoulse
lems of energy technclogies

of unconventional highvoltage testing

and renewahle energy

are €& staff members working =t the

Institute, 22 of which are researchers including 10 doctoeis

and professors.

Our intentions and opportunities.

oy sincers wish ic to goffer

service to redgio
hodies as well ==
ovder to mssist

relaticn to working

pelicy while accounting for concrete | loca

and municiga]l plannming and menaging

to  energy utilities and consumeres in

.4
n
1(]
o
1]}

.
o

1w
..('

€
out and implementing effective ened
1

=h
L1l
n
ot
]
=
11}
LU
£

limitations. We would be most happy it those whe once asked

for our help, hecome
Institutse. &nd for
-

T —

permanent friends and clients of the

this we try to do our joh efficiently,

intewrestedly, with high gualitvy and =zt minimal cest  Forv
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those, who apply to us.

Only by fthis way w . successfully sclve our own

D}
10

proklems of financivng, sufficient for bhasic ressarch, edu-
cational programmes, research eguipment provisions, =tc.

Te fulfil any crdered study w

m

- concentrate all necessery

.f.
attract the sevrvices of leading specialists and wuse
I.

dvanced methodologies From cther UBSR researc

0

— do cur hecest to use international experience and =xper
ticse
Hhat cppovtunities has IEN =1+

dy had for thie?

[nR

ﬂ,l

1. Nithin the frame of USER Lfcademy of Scisnces the IEN

has had v u0:=1h lities for undertaking and guiding two

nationalecale hasic methodological reseavrch wrojects. This
show good position we have in  academic spheves of  the
courttrv.

Z. The Institute bhecame —founder of the national

Center for effective energy use, aming at working out and
stimulation of energy consevrvation policy in the country.
Etout twao dozens aof Soviet well-known vessarch and

s  several institutions

e
[

projecting organizations as  we
from the US& are membhere aof the Center. Throuogh the Center

we can attract to our at-home veseavrch zlmost any USSR team

as well &= foreign experis.
J. We have established & profit expertizing &

cornsultin center ¢ ECC ) as an indecendent of IEH. Its

w

sctivities will ke criesnted entively to carring cut aoplied
research and promoting results inte the practice of regional

evergy management. Through ECC we have anchter charnmel of

settling cooperative relations  with other vesearch teams
while undertaking at-home vesearch.
d. The IEN has rather wide +tiegs with different

e
inetitutes and scienticets not only in the USSR, hut in  the
countries of Eastern and Western Euvope, in USA,Japarn, HNew

Zealand.
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Mo one vesgarch i1nstitute can successefully accomplish
simultanious vesearches in many divections. le understand

e

that and trv to concentrate ocur efforts onm a few research
tast at the same time. Today the Inmstitute is cavrving out
the following works:

1. Working out = computerized—decision support system
for regional programmes of energy development. The syst
will allow by means of computer dialogue to ocutline +the
targets and best wavs of vegiocnal enmergy
make covirections according to chenges i1 external

conditions, &and to select the admimistrative, legal,  and

econamic incentives to permit market piromotion of  the

programnes worked out. We helisve the planning and managing
“hodies of gvegions,and  eneroy supply enterprises &

consumeres will have cence of necessity in such & tools wvery
SCOT.
2. Working out = simulsatiftion svstem Tor environmental

gxamination of regiocnal energy programmes and prejects. The

computer map & schemes ¢ OME ) of current and prospective
ecological situation in & region with reference te & Lrcad
range of differernt indices { emizsions, coencentrations,
their influence on human beings, cegetation and animals K
allow the user o swiftly estimate charges in it. This
estimation can ke done for vegion &= & whole, for ts

gessential for regional envirvonmental control authorities by
T1GW .
5. Wovking out  the comple OO A eE of radical

efficiency improvement of distvict hesting svsteme and legal

% ecomomic means for its promotion. We think that  the
implementaticn of +this programme &t naticonal scale permits
to save ERillion voubles anmually in seversl vears due  to
fusl saving.

4. Working odt strategies of develooment and  incressing
relyabhility of highvoltage wetwork of regional power
Eyétems.
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Other research and consulting cpbaortunities.

The TEN by itsel® or through ite expevtizing &
consulting centre can make wide Tange of specific
elaborations, if these - issues ST E in live with

ahove-menticoned hasic projects. Rs examples we can reffer to
works on different aspects of heatsupply eyeteme development
and on eceocleogical expertize of power industry cohiects.
Besides these items, the Institute now Zan effer:

- consultating service on the issues of restructuring
regional  management anmd regulaticon systems undeyr the market
conditionsgy

- working out recommendatiocnms on diffevent aspects of
rural energy develorment and improvemeints

- estimation ef potential a&and ways of using of

renswaile sources of enevgy:

~ arrangement of the modern computer's software o

ng

seaching optimal ways for development, veconstructionm and
rectoration of heating networks, fer conducting hvdeaulic
cperating conditicns with approgriate stuff  training:

same Tor water—-pipe supply systemss

-+

n
il

me Tor gas-—pipeline systems.

Our coordinates:

Addrecss: " IEN " , 14 Fersman eitreet, Spatity., Murmansk

&
regiaon, 13242040, USSR,

—

Phomes: Z-73—-12 Telex: 12127 EOLST SU
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VA

IEN KSC, Institute for Physical and
Technological Problems of Energy in
Northern Areas,.

Address: Fersman st. 14,
Apatity 184200, Murmansk region, Russia.
Tel. 32426, 37-312, Telex 126129 KOLSC SU,

Director: Alexander A.Papin,
Ph.D. (Energ. ).

Deputy director: Vladislav R. Elokhin,
Ph. D. (Enerqg. ). .

Scientific secretary: Valeriy A, Minin,
Ph, D, (Energ. ).

Research activities: Working out the
effective regional energy policy as well
as the means of its promotion under modern

social and economic conditions; searching
for and investigation of socially and
ecologically effective paths for energetic
development under emerging market

conditions with accounting for specifics
of northern regions; studying problems of

reliable and effective electricity
supplies to the consumers under specific
conditions of the North; research in

wind-power development and investigations
in non-conventional energy development of
the North regions of Russia, including
pump-storage plants, tydalpower plants.

Presently the main directions of
researches are: working out effective
energy concervation policy; analyses and
examination of environmental impacts of
energy programmes and - projects;
perspective for wutilisation of renewable
and unconventional energy sources,

Staff: 23 scientists and besides 41
auxilliary personnel,

The Institute includes 7 laboratories:
industrial energy demand, social-economic

problems of energy, regional energy
+ policy, -ecological problems of energy,
unconventional and renewable energy,
overvoltage and dnsulation, highvoltage
testing.
Areas of scientific cooperation:
Assessment of regional energy development
and environmental impact of energy
systems; new technical solutions on
increasing of reliability of electric

power systems.



Wind Energy North of Russia

Grigori Dmitriev
IEN



indicies of joint exploitation of Serebrianskie HFFs and
WEC's pool with the capacity 200 MWt (min.EKWt.h)

indicies - 1985 1986

Actual electricity productions

by HPPs (totally) " 863 1195
same by HFP N1 ' 443 626
same by HPP N2 420 569
WECs pool production 558 727
Possible repfacement of HFP's

production by WECs pool

'Replacement of HFPP N1 236. o 273
Replacement of ‘HPP N2 . < 102 109
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Fig.2. The seasonal trend of wind speed (1) and
the dlstrlbutlon of rever’s discharge (2)
on Kola peninsula seacoast
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Fig.3. Annual and monthly windroses at the meteoro-
logical station Dalnie Zelentsy.
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The results of 20D years wind spesd

& r - - - - 3 - - . - -
ohservations dats treat-—
ment (136&8—~1323) af the Kola peninsula’ ssacozet meteostati-

ens had show that ivn above mentioned reglizons there are favo-

orns from vear to vear avre small and aire characievized by co-

efficient of variation in averags as T—&%. The WEC's ernergy

production variations ars movre suffici

L

mathematical devendence of WE i
and this variations are about F% for the morthern peninsula’
seacoast. By the way, the variations coedici

=
discharge In Fola peninsulas is shout 1&6-12% during the same

ohservation’s fpericd in 20 years. It makes clesr, that iw
maltiyears section the WEL's energy production is & litile

Ehe Kola gpeninsulats seagnast theve is i

ved durivng winter time (Fig.2) and this phenomenor coinside

with sessonsl pearn of heat and electrical consumption. c£s-—
2 .
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accumulation of WEC's ermevaogy inm larges amount makes the idea

o jeint WECs and hydre power plants exploitation especially

attractive. Hydra pﬁw&r plants cold be used for exploitati-
v

on upon conditicns of sharg variakle losd cur

ind energy accumulatien according to LThat abiliby.
Hence, 11, mentioned above, cCreate favourakle canditione

Now in Kola’ electrical gower system the main gart of geme—
rating units is located at the Soubh of Mela wpeninsula, in
the samz timez the main part of elscivricsal ConELUmETS a&re Con-—
centrated in Central and northern resgionms of the rpeninzula,
where are located biggest industrizl centers. Bz a mesuli,
here we have kig transit elzctrical Fflow and considerables
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tionm of lavrge scale WEC's pools could to im
tuztion G
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curve more and mere sharp. The including of WECs imbto energy
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system could to save largs amount of wabter in hydro power
plants' veserveoivrs, and this could provide conditions %o
increasing the capacities of hydro power planis, which could

tance has rational cheoice of constructional grosunds and op-—
timal location of each wind-power set on  the tﬂx|~’ﬁ. The
multiyears date o¢f wind—-speeds obhsevrvations shows, that on
Fola peninsula there are regions with grevailling wind di-
ections. At the first rate in theiv number there are the
northern seacoast regions. As an examole Tov this statement

of CSouth-West guart

e
vizw it*s very ilmporiant to krnow act  oenly the worevailing

wind? divections, but the ensrgy’ value of each wind's di-
rections {pDSaluxE generating cagacity of ths 1dy . We made

a necessary calculaticns and made the correspovding gene—
rating wind—rosss. It become clear that the resulting gens-
rating wind-voses were almost the same, a&s the wind-roses.
All thesez mean, that in abgvg mentioned regions the prevai-
ling winds directicons are, in the same time, the most valu-—-

ahles from the enevrgy—conmsumer's poiw

ot
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ciear, that during the year, acc
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the wind—rose and prevailing wind's J

witly changed. During winter monthe
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winds of South-Wsst guarter blows du-

The prevaling of the winds fram  this
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Guartey ig overwhelming (the sane is with the generating
abilityy., During the warm seasons the victure is jlff vert.
Thern usually it's difficult to defive the prev ai ng wind
- o - )

divetcions; and with general decreasing of wind intensivity

ing evergy.

dzcrease the full volume of

rimg Fa% of time, arvinally, WEDs wouldn't ke “shadowsd" and

woxulda®t make chstacles for one-another. Duriang the winter

monthes this index counld ke higher — till %&-37%. The

Lccording to above mentioned information in  the labovatory
was made the estimation of WEL:s wool cownstvuction's wossihki-
lity on northern seaccast of Fola peninsula, near the exis—
+ ﬁti

pacities Z0OC

DANWIN 233

Wrder the novihern

CFigaly, they cou
with iwnstallsd capacity

It seems, " it will he the kest iF &ll snergy, which would he
oroduced by WED's  pool comes divectly into power networl,
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Testing Activities at the USDA

Nolan Clark
USDA-Agricultural Research Service



AGRICULTURAL AND REMOTE APPLICATIONS
OF WIND ENERGY

USDA-Agricultural Research Service
Conservation and Production Research Laboratory
Bushland, Texas

MISSION
Develop and evaluate wind energy systems, both mechanical and electrical, for use by

farmers and ranchers for pumping water for livestock, domestic use, and irrigation. To
determine the long-term performance and reliability of wind-electric systems for
supplementing the electrical grid in remote locations. Develop a sustainable energy
generation system for remote areas using a hybrid systems composed of wind, solar, and
engine generated electricity powered by biofuels.

STAFF

R. Nolan Clark, Agricultural Engineer, Director

Ronald G. Davis, Agricultural Engineer, Instrumentation
Brain Vick, Agricultural Engineer, Aerodynamics
Michael Bayless, Instrumentation Specialist

MECHANICAL WATER PUMPING

Wind Turbines currently being tested are:
Aermotor--2.3m rotor diameter, 18 blades
Dempster—-2.3m rotor diameter, 16 blades
Dutch Delta-5m rotor diameter, 24 blades

Pumps currently being tested:

45 mm brass piston pump

45 mm pvc piston pump

75 mm brass piston pump

75 mm brass piston pump with 30 mm drop pipe

Instrumentation used
Data logger is Campbell Scientific CR7
Data are sampled at 1 second intervals and recorded as 1 minute averages

Measurements made are:

Wind speed

Wind direction

Water flow

Water pressure and depth
Stroke speed
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ELECTRICAL WATER PUMPING
Wind Turbines currently being tested are:
Whisper—-1 kW, 2.5m rotor diameter, 2 blades
Bergey 1500--1.5 kW, 3m rotor diameter, 3 blades
Jacobs --17 kW, 9m rotor diameter, 3 blades
Bergey--10 kW, 7m rotor diameter, 3 blades
Pumps currently being tested:
25 liter per minute (Ipm), submersible pump with 0.5 kW electric motor
35 Ipm, submersible pump, 0.75 kW electric motor
300 Ipm, submersible pump, 7.5 kW electric motor
1000 lpm, centrifugal pump, 7.5 kW electric motor
Instrumentation used
Data loggers are Campbell Scientific CR21
Data are sampled at 1 second intervals and recorded as 1 minute averages
Measurements made are:
Wind speed
Wind direction
Water flow
Water pressure and depth
Electrical frequency
Electrical current
Electrical voltage

ELECTRICAL GENERATION

Wind Turbines currently being tested are:
Enertech 44--40 kW, 13.4m rotor diameter, 3 blades
AOC 15/50--50 kW, 15m rotor diameter, 3 blades
34m VAWT --500 kW, 34m rotor diameter, 2 blades

Instrumentation used
Enertech data logger is a Campbell Scientific CR21. Data are sampled at 1
second intervals and recorded as 5 minute averages.
AOC data logger is a PC using Labtech Notebook. Data are sampled at 10 Hz and
recorded as 1 minute averages.
34m VAWT Test Bed data logger is PC using LabVeiw. Data are sampled at
varying rate beginning at 100 samples per second and averaged for 30 seconds,
depending on the experiment performed.

Measurements made are:
Wind speed
Wind direction
Electrical frequency
Electrical current
Electrical voltage
Electrical power
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Blade strains
Tower strains
WIND/HYBRID

Wind turbines currently being used are (described above):
Enertech 44
AOC 15/50
Bergey 10 kW

Biofueled generators
50 kW diesel engines fueled with Soydiesel

Instrumentation used
A PC system with LabView is planned for this new experiment in cooperation with
a PLC controller for controlling the dump load and control system.
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34-m VAWT Testing

Dale Berg
Sandia National Laboratories



34-Meter VAWT Testing Experiences’

Dale Berg and Mark Rumsey
Sandia National Laboratories
Albuquerque, NM, USA

ABSTRACT

In the course of over six years of testing of the
34-meter vertical-axis wind turbine, we have
performed many different types of tests,
developed some new data analysis techniques, and
developed and implemented new instrumentation.
This paper describes a technique for using strain-
gauge time series data to follow the variation of
natural frequencies with turbine rotational speed,
reviews a rotating modal test, discusses the
development of a non-contact blade-surface
mapping instrument, and summarizes our
experience with a novel gauge that monitors
fatigue damage.

INTRODUCTION

The 34-m Test Bed is a research-oriented vertical-
axis wind turbine (VAWT) located at the US
Department of Agriculture Agricultural Research
Service facility in Bushland, Texas. Sandia
National Laboratories designed and built this
machine to perform research in structural
dynamics, aerodynamics, fatigue, and controls.
Official dedication of the Test Bed occured on
May 10, 1988. Testing to determine turbine
aerodynamic, structural dynamic, and control
performance in various wind conditions and at
different rotation rates has been ongoing for over
SiX years.

The Test Bed is shown in Figure 1. The two-
bladed rotor is 34 meters in diameter with a

height-to-diameter ratio of 1.25 and a swept area
of 955 m’>. This continuously-variable-speed
machine has an operating range of 28 to 38 rpm
with a rated power of 500 kW at a rotation rate of
37.5 rpm in mean winds of 12.5 m/s (28 mph).
Table I summarizes the Test Bed specifications.

Figure 1. 34-Meter VAWT Test Bed

Compared to previously constructed VAWTs, the
Test Bed blades are unique in that they are
tailored both structurally and aerodynamically to

* This work was supported by the U.S. Department of Energy under contract DE-AC04-94A1.-85000.
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minimize stresses and maximize energy capture.
The root sections are straight 1.22-m (48-in.)

profiles. Figure 2 is a schematic of the blade
shape geometry, including the lengths of each

ROTOR

Diameter 34 m
Height SO0m
Ground Clearance 7m
Speed 28 to 38 ipm
Number of Blades 2
Blade Material 6065-T6 Extruded
Aluminum
Blade Length 545m
Aerodynamic Control Stall
Regulation
Airfoils SNL 0018/50
NACA 0021
Chord Dimensions, m 0.91,
1.07, 1.22
Swept Area 955 m®
Solidity 0.13

Central Column
Material Aluminum
Diameter 3m
Wall Thickness 12.5 mm

Guy Cables
Number 3 Sets of 2
Tension 750-830 kN/Set
Material Steel Bridge Strand
Diameter 64 mm
GEARBOX

Type Three-Stage Parallel
Step-up Ratio 47.5:1
Rating ’ 709 kW

Table I. Test Bed Specifications

GENERATOR
Type Variable Speed Synchronous AC
Rating 625 kVA
Voltage 1200
Speed 280 to 1900 rpm
Frequency 60 Hz
CONTROLS
System-
Programmable Industrial Controller
Generator Speed and Torque-
Load Commutated Inverter
PERFORMANCE
Rated Power 500 kwe
RPM at Rated 37.5
Wind Speed at Equator, m/s
Rated 12.5
Cut-out 20
Survival 67

DATA ACQUISITION AND ANALYSIS
Number of Channels 128
Maximum Data Throughput Rate

200 kHz

chord NACA 0021 profiles. The equatorial
sections are curved 0.91-m (36-in.) chord SNL
0018/50 profiles, and the transition sections
(between the roots and the equatorial sections) are
curved 1.07-m (42-in.) chord SNL 0018/50
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blade section. The SNL 0018/50 profiles are part
of a family of natural laminar flow airfoils
developed at Sandia specifically for use on
constant-speed VAWTs (Klimas, 1984). The
turbine and its environment are heavily
instrumented to measure wind speed and



direction, temperature, rotor torque, electrical
power, rotational speed, and blade strains at many
locations.

This paper describes some tests that we have
performed on the Test Bed and some data analysis
techniques that we have developed during those
tests.

/TOWER CENTERUINE

1.07m

1]
~— 0.91m

1.07m

Figure 2. Test Bed Blade Geometry

MODAL FREQUENCY TRACKING

After the blades were mounted on the tower and
before the turbine was placed into operation, a
modal test was performed on the stationary rotor
by Sandia’s Modal and Structural Mechanics
Division, as described by Came, et al, 1989.
Accelerometers were temporarily attached to the
blades, tower, and cables, and frequency response
functions were measured using both the usual step
relaxation (snap release) and wind excitations.
These measurements were used to determine the
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turbine mode shapes, their frequencies of
vibrations, and their damping values. The mode
shape and vibration data were then used to
validate the turbine finite element model we had
developed during the design of the turbine.

Table II compares the first 11 measured modal
frequencies with those determined analytically.
The mode number and shape are listed in the first
two columns, while columns three and four list the
measured modal frequencies for the stationary
rotor resulting from wind excitation and the
analytical values, respectively. There is excellent
agreement between the measured and predicted
frequencies for these modes. All predicted modes
are within 2.6% of the measurements except for
the first blade edgewise mode which is 5.2% low.
Additional information about these comparisons
may be found in Ashwill, 1990.

Mode Mode | Modal | Analytical | Deviation
Number | Shape* Test
1,2 1FA/1IFS | 1.06 1.05 1.0%
3 1Pr 1.52 1.56 26%
4 1BE 1.81 1.72 52%
5 2FA 2.06 2.07 0.5%
6 2FS 2.16 2.14 1.0%
7 1T1 2.50 2.46 1.6%
8 1TO 2.61 2.58 1.2%
*Mode Shape Abbreviation Key:

1FA = First Flatwise Antisymmetric
1FS = First Flatwise Symmetric

1Pr = First Propeller

1BE = First Blade Edgewise

2FA = Second Flatwise Antisymmetric
2FS = Second Flatwise Symmetric

1TI = First Tower In-Plane

1TO = First Tower Out-of-Plane

Table II. Parked Modal Frequencies (Hz) -
Test and Analysis

This good agreement between the model and the
stationary rotor gave us increased confidence m
the ability of the model to properly predict
rotating turbine behavior. The predicted fanplot
or Campbell diagram for the “as-built” finite
element model with the brakes released is shown
in Figure 3. Because the brake boundary




condition is eliminated, some of the tower modal
frequencies are, as expected, lower than the model
frequencies shown in Table I The blade modal
frequencies are not affected by removing this
boundary condition. Because resonances are
possible wherever a modal frequency crosses a
per-rev line, this rotor fanplot and a corresponding
guy-cable fanplot were used extensively during the
early turbine testing to 1identify and avoid
resonances.

6.0 rrrrres

s.oE

s
o

(2]

b

[«]
LTy

FREQUENCY (Hz)

g
o
2

o
Figure 3. Rotor Fanplot - Brakes Disengaged

The turbine has operated at rotation rates from 6
to 40 rpm in winds up to 17 m/s (38 mph). By
carefully monitoring strain-gauges, we could
ensure that we were not operating at resonance
conditions, but we weren’t sure how accurately
the model was predicting the turbine natural
modes throughout the operating range. A rotating
model test is the normal procedure that is used to
validate a model under these conditions, but we
developed a technique that utilizes strain-guage
data to identify natural frequencies at any
rotational speed.

A major thrust of our early testing was the
acquisition of data from numerous strain-gauges
at a 20 Hz sampling rate at each turbine rotational
speed. A plot of a strain amplitude spectrum for a
flatwise gauge at the upper root at 10 rpm is
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shown in Figure 4. The first five per-rev peaks
and several other peaks that indicate modal
frequencies are evident. By plotting these
measured modal frequencies at several rotation
speeds on the predicted fanplot, as shown in
Figure 5, one can track the variation of several
rotor modes with rotation speed The lower
frequency modes (below 3 Hz), including the first
and second flatwise (1F, 2F), the first blade
edgewise (1BE), the first tower in-plane (1TI),
and the second propeller (2Pr) modes all track
along their predicted mode lines very well. The
two measured first flatwise modal frequencies are
either the antisymmetric and symmetric modes,
which normally vibrate at the same frequency, or
the two blades vibrating at slightly different
frequencies. The first tower out-of-plane (1TO)
does not show up in any of the many spectral
plots examined thus far. The first blade edgewise
mode (1BE) was underpredicted by 5% at zero
rpm, but above 25 rpm the observed and predicted
frequencies coincide. The first blade edgewise
crossing of the 3P line shows up as a larger spike
in the spectra of lead-lag gauges at 32 rpm,
indicating a possible resonance condition at that
rpm. The stresses are not high in this region in
low winds, but increase significantly in winds
above 13 m/s (29 mph). The first tower in-plane
mode (1TI) tracks well except in the region where

it crosses the second flatwise modes. This mode

is predicted to cross the 3P line at 40.5 rpm.
Strain guage signals reveal an excitation of this
mode begins around 39.5 rpm, and the response is
still increasing at 40 rpm. The tower-in-plane
excitation, which includes blade edgewise motion,
causes significant lead-lag RMS  stresses,
indicating a potentially destructive resonance
condition.

Additional measured structural and aerodynamic
data from the 34-m Test Bed may be found in
Ashwill (1990, 1992).
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Measured and Predicted

ROTATING STEP-RELAXATION TEST

Our normal techniques for analyzing the stress
response of a VAWT utilize frequency domain
codes. However, during variable speed operations
or transient events, the structural equations of
motion have time-varying coefficients, and
frequency-domain techniques are no longer
applicable. We have, therefore, developed an
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approach (Dohrmann and Veers, 1989) for
integrating the equations of motion in the time
domain to allow the simulation of wind turbine
structural response to stochastic wind loading,
control system inputs, and braking transients. A
finite element based, time-domain, structural
analysis computer program, which formalizes the
approach for vertical axis wind turbines
(VAWTS), has been developed at Sandia National
Laboratories (Argiello and Dohrman, in
preparation). This code is referred to as VAWT-
SDS for Vertical Axis Wind Turbine - Structural

Dynamics Simulator.

VAWT-SDS predictions have been compared to
frequency domain techniques for the case of
constant speed operation with near perfect
agreement. Reasonable results have also been
obtained for variable speed mode. However, we
had no measured transient response test data with
which to compare these predictions, so we
conducted a test to acquire some rotating
transient response data in the absence of
significant wind-driven aerodynamic loading.
Ideally, the test would be run in zero winds to
eliminate the loading uncertainty which is
introduced when we estimate the wind loads with
an aerodynamic model. However, because
perfectly still air i1s rare, especially in the Texas
panhandle, testing was done in winds as low as
possible (less than 5 mph, or 2.2 m/s). Very low
winds were also desirable to avoid aerodynamic
excitation levels which could overwhelm the
excitation due to the applied load. During the low
wind operation, the motor/generator was used to
propel the turbine and maintain its speed at a
constant preset level.

The step-relaxation or “pluck” test applied a force
to the turbine structure and suddenly released it
while the turbine rotated. This required the use of
a light steel cable which was attached to one
blade, looped through a pulley on the tower, as
indicated by Figure 6, and was then tensioned with
a pneumatic actuator mounted at the base of the



rotor. After the turbine was rotating at the
desired preset speed, Q , the cable was slowly
preloaded to 13.3 kN (3,000 b)) and then
suddenly released. The loading and release of the
actuator were controlled remotely, using the
turbine’s slip rings to pass control signals, so
several “plucks” could be performed without

stopping the turbine.
> Q
Blade
Tower .V
-tensioned
Cable

Figure 6. Step-Relaxation Test Schematic

The pneumatic actuator was a 10.2 cm (4-in.)
diameter cylinder and piston which used
compressed air canisters in the base of the tower
to pressurize the cylinder and tension the cable.
By simultaneously opening four valves to vent the
cylinder and injecting compressed air behind the
cylinder to drive the piston to its fully extended
configuration, the load on the blade could be
released in less than 0.14 seconds, thus providing
a truly dynamic force and exciting substantial
structural dynamics in the turbine.

VAWT-SDS was used to determine the amount of
loading that should be applied to the blade and the
effects of ambient wind on blade response. The
effect of wind on blade bending stresses for a
location near the lower root of the blade is
illustrated in Figure 7. Figure 7a shows the stress
history at this location for the 2.2 m/s (5 mph)
wind load case. The cable is loaded
instantaneously at time zero, and the dynamic
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effect on the blade is significant, but dies out
quickly. The sudden release of the cable tensipn
at 36 seconds results in an initial cyclic stress
range of about 2.8 MPa (400 psi) which gradually
diminishes with time to the wind-only level of
about 0.8 MPa (110 psi) at about 120 seconds.
The 1.3 m/s (3 mph) case is shown in Figure 7b.
The importance of attempting to perform this test
in minimum winds is clearly evident here, for the
response due to the “pluck™ is far more readily
distinguishable for the lower wind case.
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Figure 7. Predicted Lead Edge Stresses Near
Lower Blade Root (2) S mph Wind, (b) 3 mph
Wind

Figure 8 shows the computed response at the
point on the blade where cable was attached,
together with the measured response at a strain
gauge about 21 inches away from that point. The
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offset between the responses is due mainly to the
fact that the strain gauges do not reflect stress due
to gravity. In addition, the wind-only effects are
more pronounced in the measurements than in the
computed values. Despite these differences,
however, there is good agreement between
computed and measured response. The difference
in location contributes to the difference in
response, for there are large stress gradients in the
vicinity of the attachment point.
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Figure 8. Outer Surface Streese Near Cable
Attachment Point (a) Computed, (b) Measured

Figure 9 shows the computed leading-edge stress
response at a node near the upper root of the
blade and the corresponding measured response
from a gauge about 30 inches away. The bending
portion of this response component should not be
influenced by gravity. This is indeed the case,
with only a slight offset (0.9 Mpa or 125 psi)
between the two response curves. In this case,
however, the wind-only effects are extremely
pronounced in the measurements.

Additional information on this test and

comparison with analytical results may be found in
Argitiello, et al, 1994.
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Figure 9. Leading Edge Stresses Near Upper
Blade Root (a) Computed, (b) Measured

BLADE SURFACE ROUGHNESS

We were aware of the effect of bug debris on wind
turbine blade performance (Yekutieli and Clark,
1987) and attempted to consider that in the design
of the SNL 0018/50 blades by examining the
design-code predicted effect of forced boundary-
layer transition near the leading edge of the airfoil.
The code predicted that the NLF blades would
suffer some loss of performance with surface
contamination, but would still outperform the
NACA blades that had been used on all previous
VAWTs (Klimas, 1984). '

The Test Bed first rotated early in 1988, but for
various reasons we ran it almost exclusively during
the late fall and winter months in ‘88 and ‘89,



generating performance characteristics and gaining
significant operating experience. While operating
the turbine in the spring of '90, we found that the
turbine was producing higher than normal power
under high-wind operating conditions-about 15%
above what we had observed to be normal
performance. A review of the recent performance
data showed that the increase had occurred during
late April and early May, when the insect hatch had
started in earnest. An inspection of the turbine
revealed insect debris build-up on the blades,
leading us to conjecture that the insect debris was
responsible for the increase in peak performance.
This conjecture was confirmed by additional tests
throughout the summer (Clark and Davis, 1991),
summarized in Figure 10. Since this effect of blade
surface roughness was contrary to what the design
code had predicted, what had been observed on all
other turbines, and what our performance codes
had predicted based upon grit roughness tests in
the Ohio State University wind tunnel, we decided
to attempt to characterize the actual roughness.
By characterizing the roughness, we hoped to then
reproduce it and utilize that simulated roughness in
wind-tunne] testing to gain an understanding of the
underlying reasons for the increase in peak turbine
performance. '
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Figure 10. Test Bed Performance at 28 RPM
with Clean and Dirty Blades

Traditional mechanical contact measurement
techniques are not well suited to measuring bug
debris or other types of surface contamination
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because the contamination is, in general, rather soft
and very fragile and it is deposited on a curved
surface. We have developed a portable blade
mapping system utilizing a low-powered laser
position sensor (Case, 1991; Von Voss, et al,
1991). Itis a system that can be used in the field to
scan areas of the blade - one that can be attached
to a blade (in an inverted position, if necessary) by
two workers in a man bucket and operated from
the man bucket. The system is controlled by a
personal computer that controls the traverse unit
stepper motors, tracks the sensor head location,
determines the distance of the surface from the
laser head, stores the resultant data, and keeps the
operator appraised of the system status at all times.
Additional information on the system may be found
in Berg, et al, 1992.

The completed system, which we refer to as the
“spider”, is approximately 61 cm (24 in) square and
weighs just over 30 pounds. The entire system is
designed for packing into two well-padded
shipping containers for easy transportation.

The data acquisition and presentation software for
this system was developed and runs under National

Instrument's LabView® for Windows environment

on an IBM PC or compatible. LabView® is one of
a number of new-generation integrated data
acquisition, analysis, and presentation software
systems that utilize state-of-the-art visual
programming tools to allow the user to design
complex real-time data collection and analysis
routines using only icons, without typing a single
line of code. The typical result is a high
performance code which executes at speeds

comparable to C code. LabView® has a very
steep learning curve, but it is very powerful and
complete, containing sophisticated debugging tools
and all the modules needed for practically any data
acquisition process. We are currently utilizing

LabView® to develop a new generation of turbine
control and data acquisition and analysis software.



While the spider meets our accuracy requirements,
we have been somewhat disappointed in its
performance. The laser sensor is capable of
acquiring at least 100 data points per second, but
our operating experience has revealed that the data
acquisition rate is actually limited to a small
fraction of that - 4 to 5 points per second. At that
rate, scanning a one square inch section of blade
with 0.13 mm (0.005 in.) steps requires 11 hours.
This summer we discovered that we can effectively
double that data acquisition rate to 8 points per
second by changing the software to acquire surface
range data while traversing, rather than acquiring

‘data only while stopped. However, the limiting

factor now 1is software, rather than hardware.

While the LabView® software operates quite
efficiently, there is a significant time delay
whenever the program must communicate with the
hardware. Actual hardware control is
accomplished with a C code routine, and every call
to that routine requires LabView and Windows to
perform a large amount of bookkeeping before the
routine is executed and after it terminates. The
current software requires a call to a very simple C
routine for each data point that is acquired. We
will be rewriting the software to acquire data for
the entire specified area with one call from

LabView® to a much more complex C code or
assembly language routine, and we anticipate
increasing our data acquisition rate by a factor of 5
to 10.

We have used the spider to scan both the dirty
blade on the Test Bed (field-type roughness) and
the grit roughness used to simulate that surface
contamination in wind-tunnel testing. The
differences are hard to distinguish on Figure 11,
but the character of the two types of roughness
near the leading edge (bottom of the plots) differs
significantly. We will be acquiring data from a
number of commercial machines during insect
hatching season to develop a more representative
sample of true field-type blade roughness.
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b) Field-Type Roughness

Figure 11. Comparison of Grit Roughness and

Field-Type Roughness

CRACK GROWTH GAUGES

Fatigue of wind turbine blades has been shown to
be an important factor in the economic viability of
wind energy conversion systems. The design of
the next generation of wind turbines must have
fatigue life at the center of structural decision
making. It is necessary, therefore, to possess
simple methods of estimating component fatigue
lives. While it may not be possible to conduct
detailed fatigue analysis when the load and
structural dynamics are poorly defined, even a
crude life estimate would be very useful.



Fatigue life calculations can be separated into
three mechanistic divisions: 1) crack initiation, 2)
growth and coalescence of micro-cracks, and3)
growth of a macroscopic cracks. Ideally, a fatigue
analysis would include each of these mechanisms
in the total estimate of time to failure. Originally,
all three were lumped into a single analysis based
on the S-n curve (a plot of the number of cycles to
failure versus constant amplitude cyclic stress
level) (Veers, 1989).

Wind turbine fatigue life estimation requires data
on component fatigue characteristics and loading.
Estimating fatigue life of wind turbine
components, where the loading and structural
response are random, can be a difficult task. In
addition, the life estimate is sensitive to rare large
loads and can be influenced by the sequence of
load applications. The fatigue characteristics are
obtained from component testing or from material
test and careful component stress analysis.
Loading may be determined using either strain
gauge measurements for an operating wind
turbine or numerical structural analysis. The
fatigue life of wind turbine components can be
estimated relatively quickly if the stresses are
known.

Wind turbine stress histories are inherently non-
stationary, but can easily be divided into stationary
or constant segments over short periods of time.
As the mean wind speed changes, the RMS stress
level also changes. The rate of damage
accumulation or crack growth during each
stationary period can be estimated. The crack
growth can be determined directly by summing the
increments in crack growth due to each cyclic
stress range.

Horizontal Axis Wind Turbines (HAWTs) and
Vertical Axis Wind Turbines (VAWTs) have
different blade orientations and operating
conditions. They do, however, share some
common loading characteristics. Both tend to
have harmonic responses in the edgewise, or
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stiffer, blade bending direction - in HAWTs due to
gravity loads and wind shear, and in VAWTs due
to the cyclic orientation of the blades with respect
to the wind. Both tend to have flatwise, or
flapwise, loading that is more influenced by
turbulence, resulting in significant responses at the
blade natural frequencies.

The idea of damage gauges (Grant and Dumanis-
Modan, 1983) was first brought to our attention
by Bob Thresher at NREL. We subsequently
decided to install these gages on the Test Bed.

To examine the fatigue damage accumulated in
the blades on the Sandia 34-meter VAWT Test
Bed, five damage gauges were installed on blade 2
along with several strain gauges. Figure 12
illustrates the relative location of these gauges.
The locations (the blade-to-blade interfaces, the
blade-to-tower interfaces, and the blade equator)
were chosen because they were "hot spots" as
indicated by our analytical analyses.

Figure 12. 34-meter VAWT Test Bed
Instrumentation Layout

Each of the 5 damage gauges that were installed
on the Test Bed were custom built as shown in
Figure 13. The aluminum coupon was precracked
and instrumented with a strain gauge and a KRAK



gage (TTI Division). The damage coupons were
glued into place using Hysol EA934NA Room
Temperature Curing Adhesive (Hysol Division).
The coupon was supported above the blade
surface with an aluminum shim. The height of the
damage coupon (from the blade to the top surface
of the coupon) is approximately 0.07 inches. The
initial crack length in each gauge was
approximately 0.1 inches. After bonding and
completing the electrical connections, the gauges
and their respective completion units were coated
with M-Coat D to provide an environmental seal.
As the blade circuits had to be smoothed into the
contour of the blade section with a minimal effect
on the flow field, the entire installation was
covered with Hysol EA-960F Fast Room
Temperature Curing Adhesive (Hysol Division).

NOTCH AND PRECRACKED
G063 ALUMNNUM

Figure 13. Diagram of a Damage Gauge

The first KRAK gauge readings were taken
December 4, 1987 just after the Test Bed was
erected. Since then 17 readings have been
manually read at various turbine operating hours.
The 34 meter VAWT as of August 11, 1994 has
1485 hours of operating time. All five gauges
have exhibited a crack propagation trend. Two
KRAK gauges failed around 690 and 812 turbine
operating hours; three gages still appear to be
working.  Herb Sutherland at Sandia was
responsible for the installation of the gages and
will be doing the crack growth analysis. At this
time a detailed analysis to correlate crack growth
to fatique life has not been performed.
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Damage gauges should be elegantly simple
indicators of component damage due to cyclic
fatigue. The damage gauge itself is very simple
which should make it inexpensive to fabricate.
Monitoring the gauge in the field simply involves
taking a reading with a volt-ohm meter. The
disadvantages of damage gauges are the need for
characterization of the gauge material and the time
required to perform the initial design. Many
parameters and properties of the gauge and gauge
material must be better understood before a
successful design is mass produced.
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Structural Testing at
The National Renewable Energy Laboratory
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‘I’} MQI.I WIND TURBINE BLADE TESTING AT NREL

- OBJECTIVES:

To operate a state-of-the-art structural testing laboratory at NREL for the purposes of
conducting:

® Prototype blade design evaluation for NREL's Turbine subcontractors.

91¢

e Conduct cooperative research activities with industry partners.

e Conduct USDOE/NREL/SNL structural testing and research activities.

International Meeting of Test Statlons - September 12, 1994
' National Renewable Energy Laboratory
National Wind Technology Center, Golden CO
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WIND TURBINE BLADE TESTING AT NREL |

NREL BLADE TESTING FACILITIES:
TEST STAND #1 - Located in Building A-60 at the NWTC

® Hydraulic Fatigue Testing System - 12,727 kg (28 kip) max load, 1
m (40 in) max stroke

e  Static Tests on Blades up to 19-m (60-ft)

e Maximum Moment of 1,356,000 n-m (1,000,000 ft-lbs)

e Maximum Deflections up to 3.65-m (12 ft)

1A%4

TEST STAND #2 - Located in Building 251 at the NWTC (Highbay)
e  Static Tests on Blades up to 19-m (60 ft)
e Maximum Load of 1,356,000 N-m (1,000,000 ft-1bs)
e Maximum Deflections of 9.14-m (30 ft)

International Meeting of Test Stations - September 12, 1994
Nationhal Renewable Energy Laboratory
National Wind Technology Center, Golden CO



.;'1; "ng WIND TURBINE BLADE TESTING AT NREL

STRUCTURAL TESTING PARTNERS
KENETECH WINDPOWER INC. 56-100 / 33M-VS
ATLANTIC ORIENT CORPORATION AOC 15/50
PHOENIX INDUSTRIES PHOENIX 7.9M
NORTHERN POWER SYSTEMS NW 250

ZOND SYSTEMS INC. | Z-40

International Meeting of Test Stations - September 12, 1994
National Renewable Energy Laboratory
National Wind Technology Center, Golden CO
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FWP WE42 - TURBINE DEVELOPMENT PROGRAM Ne=t
QUARTERLY REVIEW - MAY 24, 1994 ‘ ' ==

Zond Blade Testing:

Test #1 - Fatigue Test of Full Blade / Blade Root  6/1 - 7/30
Test #2 - Modal Test of Blade 6/1 - 7/1
Test #3 - Fatigue Test of Ailéron Linkage 8/5 - 8/26

Test #4 - Static Test of Full Blade ? .8/26 - 10/3

SR&T Status



{‘}BIF.'.I  WIND TURBINE BLADE TESTING AT NREL
’ L]

FUTURE GOALS

e Duplicate fatigue testing capability on Test Stand #2.

e Build larger facility to accomadate larger blades.

0ze

® Enhance current fatigue facilities to accept different blade
configurations, different load spectra, and multi-point loading.

e Testing for certification.

International Meeting of Test Stations - September 12, 1994

National Renewable Energy Laboratoty
National Wind Technology Center, Golden CO
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NREL Anemometer Calibration
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Neil D. Kelley

Wind Technology Division
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Calibration Philosophy

®m Wind Tunnel Calibration Reference

o Strive to maintain +£0.1 m/s transfer accuracy over a
range of 5-25 m/s

vee

¢ Compare wind tunnel calibration via round-robbin
intercomparisons as often as possible

B Atmospheric Intercomparisons

¢ Intercompare both mechanical and sonic anemometry at

the NWTC on a regular basis
4! l?



- Topics of Discussion
1 vy b
B Wind Tunnel Calibrations

m Field Intercomparisons

T4 4



Wind Tunnel Calibrations
I e
NCAR Anemometer Calibration Wind Tunnel

¢ Tunnel designed by Gerald Gill (U of Mich) and
Harold Bayton of NCAR in 1971

9¢c

¢ ~ 1 meter circular cross-section, open loop tunnel
¢ Operating speed range 0-30 m/s
¢ Automatic, closed-loop speed control

¢ Took part in national round-robbin calibration tunnel

inter comparison PR N
“a »
N hd




NREL Tunnel Velocity Data System
| J 3 ) | I I ][}

Pitot-based system optimized for range of 5-25 m/s

¢ Computer-controlled data acquisition

¢ Instrument complement:

LT

» MKS Barotron 0-10 Torr Differential Pressure Transducer
» Rosemount 4-wire RTD & millivolt linear bridge

» AIR digital absolute pressure transducer
» Hewlett-Packard 3458A 8.5 Digit Digital Voltmeter

¢ RM Young Reference Polystyrene Reference Propeller with pitch
0f 0.2944 m/rev used as local standard -



Results of Round-Robbin Comparisons

Date ] No. to ETP on of Y est. bias slope Est.
(%) Error (mvs) {m/s) (mvs) (mv/r)
. A
| 223891 16 10.1 1 0.013 +0.211 ] +0.0088 | 0.2068
: o8 1ol 18 | 401 2 0.045 -0.078 | +0.0092 o.zseﬂ‘
National Bureau of Standards | 5/24/83] 8 +0.1 3 0.052 +0.000 | +0.0093 0.2967
R. M. Young Company 7/20/88] 13a -0.2 4 0.016 -0.003 | +0.0059 0.2957
R. M. Young Company 10/06/82} 1 +0.2 5 0.009 -0.008 | +0.0102 0.2970
o R. M. Young Company -] 8/12/86] 13b 0.3 6 0.017 +0.016 | +0.0049 0.2054
] Natlonal Weather Service 8/09/83;] 6 +0.4 7 0.021 +0.024 | +0.0116 0.2074
AES of Canada | 41283 3 04 8 0.024 4+0.068 | +0.0042 0.2952
University of Michigan 3/20/84] 10 -04 9 0.204 +0.607 | +0.0034 0.2950
Nat. Ctr. for Atmos. Res/SERI | 6/25/88] 18 0.5 10 0.022 +0.005 | +0.0030 0.2049
University of Washington 4/03/85] 11 +0.8 11 0.070 +0.058 | +0.0161 0.2087
R. M. Young Company 12/13/68| 17a +0.8 12 0.020 +0.038 | +0.0163 0.2988
Savannah River Laboratory 1/31/90] 19 0.8 13 0.011 +0.225 | -0.0008 | 0.2038
R. M. Young Company 12/14/89| 17b +0.9 14 0.018 +0.030 | +0.0168 0.2089
University of Michigan 3/21/84] 10 +1.0 15 0.041 +0.286 | +0.0182 0.2993
University of Washinglon 2/02/84] 9 +1.1 16 0.082 +0.004 | +0.0191 0.2996
NOAA - Data Buoy Office 11/03/83F 7o -1 17 0.021 +0.054 | -0.0034 0.2930
NOAA - Data Buoy Office 10/27/83] 7a -1.2 18 0.101 +0.016 | -0.0040 0.2928
University ot Hawail 12/10/83{ 8 +1.2 19 0.240 +0.177 | +0.0203 { 0.3000
Meteorology Research, inc. 4/25/83] 4 +1.4 20 0.033 +0.001 | +0.0223 | 0.3005
EPA Fiukd Dynamics Lab. 11/04/82] 2 -2.6 21 0.022 +0.015 { -0.0184 0.2885
Dugway Proving Ground 12/08/87] 14 +4.4 22 0.035 +0.038 | +0.0555 0.3093 e\
Brookhaven National Laboratory 12 +5.9 23 0.110 -0.028 { +0.0669 0.3137 Q $
Source: Meteorological Standards Institute : I$ Q.
. N
Fox Island, Washington “'
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Atmospheric Intercomparisons
- J 1 1 | [ ]I

B Intercomparison exposure at NWTC

¢ Tower at Site 1.1 allows exposure to both mountainous
and rolling terrain upwind fetches

6¢¢

¢ Computer-controlled, 16-bit data acquisition system

¢ System allows for pre-programmed data collection
sequences

m Used only for Sonic/Bivane Intercomparisons S0
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Future Plans
e e

H Re-activate wind tunnel calibration
capability using NCAR Tunnel

B Re-establish NWTC Anemometer
Intercomparison Facility at Site 1.1

174

m Enter into new series of Round-Robin
- tunnel intercomparisons



What This Means
B e
m Goal 1s to maintain well-documented data

base for wind resource measurements and_
characterization of the NWTC

LeC

B Documented wind speed measurements
with accurate estimates of error limits for
both power curve and dynamic testing
activities at the NWTC

A
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NREL ORGANIZATION AND CERTIFICATION PROGRAM
C.P. (SANDY) BUTTERFIELD
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Presented at the International Meeting of Test Stations
September 12-13, 1994

C.P. Butterfield
. IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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NREL Activity:
-  Applied Research Program

o« Inflow Research

» Resource Assessment

9€¢

« Unsteady Aerodynamics
o Structural Dynamics Codes
« Advanced Components

Aerodynamic Devices
Electrical and Controls

Advanced Blades
University Research

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Bouider, Colorado
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NREL Activity (continued):
Utility and Industry Programs

- Turbine Development Programs

LET

e Turbine Development Contracts

Cost shared contracts with US companies to assist in the
development of advanced wind turbines. Major goal is to
reduce the Cost of Energy (COE) to $0.04 k/W at Great Plains
sites by 2000. |

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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NREL Activity (continued):

Utility and Industry Programs (continued)

« Supporting Research and Testing

8€¢

NREL and SNL provide direct support to companies under
contract.

Analysis

Field testing

Fatigue testing
Dynamometer testing

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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NREL Activity (continued):

Utility Integration Programs
« CCAP Windfarms

U*WRAP

Avian Interaction

TVP

Utility Analysis

6€¢
® ° e

Systems Analysis

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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NREL Activity (continued):

- Technical Assistance
 International Programs
. International Resource Assessment

« Wind/Hybrid Systems

ove

- Cooperative Technical Development
o Industry Support
» Industry Cooperative Research
« Industry Testing and Operations Support
o  Wind Turbine Certification

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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Certification Testing Program Plan:

Develop certification testing procedures

Calibration procedures

(824

Documentation procedures
Testing procedures
Reporting procedures

Proprietary data security procedures

C.P. Butterfield
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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Certification Testing Program Plan (continued):

Test the Testing procedures

Round Robin test of reference anemometer with Risg

Round Robin Turbine Test (AOC 15/50) with Rise

e

Report results of:

Anemometer Round Robin Test

Round Robin Turbine Noise Test

Round Robin Turbine Performance Test
Round Robin Turbine Loads Test

Offer Certification testing services to Industry

C.P. Butterficld
IMTS Meeting, September 12-13, 1994
Boulder, Colorado
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Conformity Assessment System for
Wind Turbines

Raymond S Hunter |
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National Wind Turbine Centre
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Standards & Certification

Certification is a means of assessing
conformity to standards.

1744

Standards have many benefits including:

» improved management control
e consistency ’
« improved productivity



The benefits of certification are different and
include:

617¢

— improved tendering ability
— marketing (PR benefits)
— increased market share



— Lloyd’s Register (LR), project management &
certification input

— Garrad Hassan & Partners (GH), design review
and specialist input

0S¢

— NEL, testing input

— Wind Energy Group (WEGQG), manufacturer input
and provision of test bed



o

* Formal launch of the LR Conformity
Assessment System will be launched at the
EWEA Conference in Greece, 10-14
October 1994

15¢

» Project Deliverables - Documentation in 3
volumes

— Volume I: Overview & Principles
— Volume II: Procedures Manual
— Volume III: Work Instructions



Conformity Assessment of Wind Turbines

VOLUME 1-
OVERVIEW
AND
PRINCIPLES

414

——

VOLUME 2-
PROCEDURES
MANUAL

VOLUME 3-
WORK
INSTRUCTIONS

Overview

l

l

Principles
for Design
Certification

Principles for
Production
Certification

Principles for
Installation
Certification

Principles for
Operation
Certification

Principles for
Other
Certification

Procedures for

Procedures for

Procedures for

Procedures for

Procedures for

Design Production Installation Operation Other
Certification Certification Certification Certification Certification
|
Design Review Type Testing Inspection Survey Other
Work Work Work Work Work
Instructions Instructions Instructions Instructions Instructions




Life Cycle Model

Life Cycle Conformity Resulting
Stage Assessment Stage Safety-Related
Certificate
Design (including
prototype testing)
. | Design Type Approval
0 Certification Certificate
w
Production
(manufacture and
assembly)
Production Conformity to Type
Certificate (Production)
’ Certificate
Installation
(package, transport,
erect, commission)
Installation Conformity to Type
""" Certification (Installation)
Certificate
Operation
(including maintenance)
Operation | Survey
[ i Certification Certificate

l Decommission I



1 4T4

Life-Cycle Phase Phase Numbe
Design (including prototype testing) 1 -
Production (manufacture and 2
assembly)

Instalation (package, transport, 3
erect, commission)

Operation (including maintenance) 4
Decommission | 5
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Design Certification

CLIENT

Wind turbine
designer/
manufacturer

LR

Type Approval
project
manager

Des.i g1 Named
Review experts

Group

Operating to

1s0 9001 (or a
similar approved)
standard (Ref. 4)

Operating to

EN 45011 or
equivalent
standard (Ref. 5)

Type
Testing
Group
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Production Certification

CLIENT

Wind turbine
manufacturer

LR

Project
manager

INSPECTION
TEAM

Named member(s)
v plus
other member(s)

Operating to

150 9002 (or a
similar approved)
standard (Ref. 7)

Operating to

EN 45012 or
equivalent
standard (Ref. 8)

Named
Inspectors



Operation Certification

CLIENT Operating to
1S0 9002 (or a
N Wind turbine similar approved)
N manufacturer standard (Ref. 7)
LR Operating to
EN 45012 or
Project equivalent
manager standard (Ref. 8)
SURVEY TEAM
Named surveyor(s)
plus

other surveyor(s)
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Installation Certification

CLIENT

Wind turbine
installer

LR

Project
manager

INSPECTION
TEAM

Named member(s)
plus
" other member(s)

Operating to

150 9002 (or a
similar approved)
standard (Ref. 7)

Operating to

EN 45012 or
equivalent
standard (Ref. 8)

Named
Inspectors
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Conformity Assessment of Wind Turbines
Overview

—_—
Overview
Fo—====- '
| Lloyd’s Register
! [
VOLUME 1-  TYpe Approval |
OVERVIEW 0 '
AND i e
PRINCIPLES !
Principles Principles for Principles for Principles for Principles for
for Design Production Installation Operation Other
Certification Certification Certification Certification Certification
A 4
——
VOLUME 2- Procedures for Procedures for Procedures for Procedures for Procedures for
PROCEDURES Design Production Installation Operation Other
MANUAL Certification Certification Certification Certification Certification
|
VO&[OI%E 3 Design Review Audit Survey Other
INSTRUCTIONS Work Work Work Work
: Instructions Instructions Instructions Instructions

A

SAFETY-RELATED

A 4




Testing Philosophy

Reasons for Mandatory Testing

09¢

* Confirm the function and integrity of a
safety critical component or system where
one or more of the following is applicable:

« Where legislation or institutional frame
works require specific testing



19¢

Selection of Mandatory Tests

o If for a given test, one or more of the above
reasons will always definitely apply to all
turbines then that test should be made
mandatory

o Ifit is highly unlikely that any of the above
reasons will every apply to a given test for
any turbine then that test should not be
mandatory



Selection of Mandatory Tests

» However, if there is a probability that for
some but not all turbines a given reason
might apply then an assessment of whether
the given test is mandatory should be made
based on the design appraisal of the spemﬁc
turbine being considered

29¢
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Scope

» These type testing procedures, as the name

implies, relate to testing and not to
inspection. However, the procedures do
includé verification of function of safety
critical systems by witnessing.



Scope

* There is no requirement that any of the tests
have to be carried out by an independent
body. However, should a manufacturer
choose to carry out the tests in-house, then
the results and documentation submitted for
inspection by the approval body should
provide enough information for an adequate
independent appraisal to be conducted. As
a minimum this will require an audit trail to
be established in accordance with ISO 9000

¥9¢
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Hierarchical List of All Tests

ROTOR

TRANSMISSION

SUPPORT STRUCTURE
ELECTRICAL CONVERSION
TURBINE

CONTROL AND PROTECTION
PERSONNEL SAFETY




ROTOR

» Rotor blades

« Connections and Interfaces
* Hub

* Pitch Mechanism

» Air Brake System

99¢

o Teeter Mechanism Components



TRANSMISSION
* Low Speed Shaft
» Gearbox
e High Speed Shaft
* Mechanical Brake

L9C

* Bearings

* Compliant Couplings

* Generator

» Connections and Interfaces
~» Blocking Devices



SUPPORT STRUCTURE

e Mountings and Housings (Drivetrain)
« Bed Plate |
« Yaw Bearing

89¢

e Tower
 Foundation
e Connections and Interfaces
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ELECTRICAL CONVERSION

(Generator

Transformer

Down-Cable

Slip Ring

Switch Gear

Power Factor Correction

Power Conversion System

Electrical Connections and Interfaces



TURBINE

» Complete turbine



.

e

CONTROL AND
PROTECTION
. * Processors * Blade Pitch
A * Transducers -+ Synchronisation
 Actuators Hardware
e Brakes  Circuit Breakers
e Yaw i + Lightning

» Power Regulations * Fire



PERSONNEL SAFETY

* Access, Access Prevention and Escape

cLe

* Blocking Devices
» Electrical

e Interlocks



List of Mandatory Safety Related
Tests

The following tests apply to applications for type approval and are
mandatory

» ROTOR
» TRANSMISSION

» SUPPORT STRUCTURE

- ELECTRICAL CONVERSION

» TURBINE

» CONTROL AND PROTECTION
- PERSONNEL SAFETY

€LC



[List of Environmental Related
Tests

The following tests relate to the issue of an environmental
certificate

L7 X4

e Turbine - (Complete System)
— Acoustic Noise Emission

— Visual Appearance



List of Quality of Performance
Related Tests

SLe

* Power Conversion System

* Turbine - (Cdmplete System)

— Power Performance



Format for Work Instruction
Sheet

« Title
 Justification for Test

9L¢

o List of Possible Reference Procedures

« Recommended Selection and Amendment
of Procedure

* Interpretation of Test Results



Certification

Bob Sherwin
AOC

(Verbal presentation only)



ECN Certification Activity

Wim Stam
ECN



EUROPEAN WIND TURBINE STANDARDS

JOULE-II PROJECT : CT93-0387
MAIN CONTRACTOR : EUREC AGENCY
TECHNICAL

- COORDINATION : ECN

PROJECT BUDGET : 1.450.000 ECU
DURATION : 2 YEARS
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EUROPEAN WIND TURBINE STANDARDS

PARTICIPANTS

* EUREC AGENCY

- CIEMAT (SPAIN)
- CRES (GR)

- DEWI (GER)
- ECN (NL)

- NEL (UK)

- RISO (DK)

* ASSOCIATE CONTRACTORS

- Det Norske Veritas (DK)
- Germanischer Lloyd (GER)

- Teknikgruppen S
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EUROPEAN WIND TURBINE STANDARDS

Objectives

SUPPORT TECHNICAL HARMONIZATION
OF EUROPEAN WIND TURBINE MARKET

* Development of guidelines and
recommendations.
- Address key issues.
- Not (properly) covered yet.
- Implement Probabilistic Reliability
Analysis.
- Integrate available information.
- Generate new information (if necessary).

C
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EUROPEAN WIND TURBINE STANDARDS

Objectii’es (cont)

* Establish a expert network.

Identification of constraints.
Screening of directives. _
Tracking standardization activities.

* Report to interested parties.

CEN/CENELEC.

National Standardization committees.
Manufacturers.

IEC-SS/IEA.

Others.
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| EUROPEAN WIND TURBINE STANDARDS

AVAILABLE DOCUMENTATION
* European Council Directives.

* JEA Recommehdations.

* JEC Draft Standards.

* Results of JOULE studies.

* Europa-recommendations (DG17-studies)

* National Standards/criteria (DK, GER, NL).

. . . . AN
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Project coordination
ECN
Project Steering
N Commitiee
[0
[=)]
1
Subproject 1: Subproject 2: Subproject 3; Subproject 4: Subprojoct 5: General Task
Load Spectra for Calibration of W.T. Evaluation of Meuasurement Sructurized ' ldentification
W.T. Design Safety Factors W.T. Safety Methods and Implementation & Information
Procedures :
(ECN) RISP) (ECN) (DEWD) (DEWT)




EUROPEAN WIND TURBINE STANDARDS

Deliverables

* Methodology for W.T. design Load spectra.
* Procedures for safety factor calibration.

* Methodology for W.T. safety evaluation.

* Measurement techniques and procedures.
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EUROPEAN WIND TURBINE STANDARDS

PROJECT STRUCTURE

o * Sub projects
SR I Load spectra [ECN]
| I Safety factor calibration [RISO]
III Safety evaluation [ECN]
IV Measurement procedures [DEWI] -
V Implementation plan [DEWI]

* General Task [PSC]
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EUROPEAN WIND TURBINE STANDARDS

Sub project I:
Load spectra for Wind Turbine Design

Objective

Uniform methodology for design load spectra
- based on existing information;

- include increased loads in wind farms;

- allow for use of load measurement results.

Coordination : ECN

 Participants : CIEMAT, CRES, DEWI,

ECN, NEL, RIS, TAB

C
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EUROPEAN WIND TURBINE STANDARDS

Sub project 1I:
Calibration of Partial CoefTicients

Objective

- Development of a calibration procedure
based on probabilistic structural reliability
analysis.

- Calibration of some central partial
coefficients.

- Drafting of guidelines for comparison of
structural safety levels in (inter)national
standards.

Coordination : RISO

Participants : DNV, ECN, RISO
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EUROPEAN WIND TURBINE STANDARDS

Sub projeet III:
Evaluation of Wind anbme Safety

Objective

Practices for evaluation and assessment of

safety concepts and systems.

- Including probabilistic system reliability
analysis;

- based on and supplementary to present
rules;

- applicable for designers, developers and

certification bodies;

- allow for more quantative assessment of
safety and risk.

Coordination : ECN

Participants : ECN, GL, RISQ

(=
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EUROPEAN WIND TURBINE STANDARDS

Sub project IV:
Evaluation of Wind Turbine Safety

Objective

Recommendations to harmonize test,
measuring, calibrating and evaluating
techniques.

Wind speed measurements;

site calibration;

mechanical load measurements;
electrical power quality.

Technical
Coordination : DEWI

Participants : CRES, CIEMAT, DEWI,
ECN, NEL, RISO

C
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EUROPEAN WIND TURBINE STANDARDS

Sub project V
Structural Implementation of S
W.T. Measurement

Objective

Action plan for implementation in EUREC
Agency measurement network.

- State-of-the-art techniques;

- voluntary mutual accreditations;

- acceptation of results

Coordination : DEWI

Participants : DEWI, ECN, RISO (CRES,
NEL, CIEMAYT)

Status : Preliminary draft plan

C




EUROPEAN WIND TURBINE STANDARDS

‘GENERAL TASK:
IDENTIFICATION AND INFORMATION

* Jdentification of constraints and bottle-
necks.

* Screening of E.C. Directives on technical
suitability.

* Drafting of custom made documents for
interested parties. i
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EUROPEAN WIND TURBINE STANDARDS

PROJECT STATUS

¥

*

PSU; March 10-11, 1994, ECN

Kick-off S.P. I
Kick-off S.P. 11
Kick-off S.P. III
Kick-off S.P. IV

Kick-off SP. V
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: May, 1994

: April 26, 1994

: April 26, 1994

: April 18-19, 1994

: April 7, 1994




Meeting Minutes



International Meeting of Test Stations
(September 12-13, 1994)

MEETING MINUTES

Attendees:

D. Ancona, DOE, USA

A. Fragoulis, CRES, Greece

D. Dodge, NREL, USA

H. Klug, DEWI, Germany

N. Kelley, NREL, USA

M. Rumsey, Sandia, USA

N. Clark, USDA, USA

D. Berg, Sandia, USA

T. Petersen, Riso, Denmark

V. Minim, IN, Russia

G. Dmitriev, IEN, Russia

P.H. Jensen, Riso, Denmark

C. Skamsis, Riso, Denmark

S. Butterfield, NREL, USA

R. Sherwin, Atlantic Orient, USA
W. Stam, ECN, The Netherlands
Magnus Ellsen, Chalmers Univ.,

The issue discussions in these minutes record dialogues which occurred during or immediately
following the various presentations; which would not be included in the copies of vu-graphs.

A. Fragoulis
Testing Activities at Center for Renewable Energy Sources (CRES), Greece

Calibration Accuracy

AFragoulis In calibrating blade strain gages; can introduce errors if you don't calibrate from
more than one point (one for flap another for edge bending moment.)

R.Hunter Are you saying you can't avoid crosstalk in blade strain gage calibrations?

A Fragoulis Yes. Test engineers must account for the cross talk effect by making flap and
edgewise measurements. Otherwise can have an error in loads up to 10%.
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Performance Testing

Dr. Fragoulis suggests the use of turbine power and noise level to measure the wind speed, given
the difficulty with calibrating anemometers and accounting for terrain effects..

P. Jensen: Questioned assumptions made about wind shear, sayed that these are difficult to
make in complex terrain.

T. Pedersen: How does CRES mount anemometers on turbine to avoid wind interference?

Fragoulis: They mount on nacelle at center line of tower.
Jensen: Expressed opinion that one needs to correlate with a separate mast-mounted
anemometer first

Fragbulis Proceudres are based on need to certify power performance rapidly (in 2 months)

S. Glocker, WINDTEST, Kaiser Wilhelm-Koog.
Certification Situation in Germany

Germany has a new format for certification test reports which includes an uncertainty analysis
according to S Frandsen's IEA recommendations

H. Klug (Comment) It is important that power and noise curves are public once
manufacturer applies for a subsidy

S. Glocker  (Inresponse to a question on turbulence intensity) WINDTEST throws out all
data collected when the calculated turbulence intensity is over 15%.

Issue - Power Quality Measurements
P Jensen What drives power quality measurements?

S.Glocker WINDTEST doesn't discriminate among effects, but flicker is most imporant, as
induced by voltage and current variations

R. Sherwin  How discriminate between what turbine is producing and what the grid is doing?
On an induction based machine, what you measure is what's going on in the grid.

S.Glocker They try to measure with and without turbine to determine this
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Issue - Comparison of tip shapes using wind tunnel and field data

W. Stam &
A. Fragoulis: Work is being done on discrepancies between results in the tunnel and in

the field right now. There is a real difference between the results and the
physics are complex.

Ray Hunter and Alan Johnston, NEL
IEC TC88 Noise and Performance Testing at NEL

No issues discussed.

Magnus Ellsen, Chalmers Univ.
Hono Test Site Activity

Comparison of synchronous generator with diode rectifier with induction generator with
transistor rectifier

Question: What are the relative costs for synchronous and induction generators?

M. Ellsen We use a factor of 3.7 for a synchronous generator, compared with a factor of 5.7
for an induction generator.

R.Hunter Are there limitations to the loads that can be handled?

S.Butterfield Pointed out that the two types of generatorss assume different types of control
(Synchronous: frequency control; induction: rpm control)

T. Pedersen How are the costs of the rectifier losses calculated?

- M.Ellsen Losses are related to the cost of the entire turbine

Wind turbine of the future? Direct drive turbine with control system that monitors flap loads
with a smart control linked to the grid through a transister inverter.

Peter H. Jensen, Riso

See CFD as major work area in the future; trying to optimize CFD models; using commercial
and inhouse codes.

W. Stam (Commenting on P. Jensen's claim of increased efficiency for larger turbines):
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Increase in rotor efficiency can be misleading if increased hub height (and
- resulting higher winds) is not factored in.

Troels Pedersen, Riso

T. Pedersen  Riso is testing blades up to 24 meters (their facilities will be too small to service
industry by the end of this year).

S.Butterfield Can control system compensate for changes in eigen frequency? Yes.

T.Pedersen  Looking at flow around hills and other complex terrain and effect on
performance; they have categorized such structures and have calculated
adjustment factors. Even very small hills can create very large speedups at 30-
meters of elevation. Increase is greater at 4D than at 2-3D. (calculations done
with WASP)

Wake Effects

T. Pedersen Need to be 30-40 rd away to be outside the wake. will be fully in wake within 18-
20rd.

(In response to question from A. Fragoulis) These figures take turbulence into
account.- turbulence level of 10%

Issue - Correction of power for a pitch regulated wind turbine when close to rated power:
Cp is constant divided by wind speed to the one-third power

T. Pedersen  Instead of this, should be proportional to wind speed (not raise wind speed to any
power)

Issue - Positioning anemometer on wind turbine so that wind speed does not change
Need to find a place where the anemometer will not be shadowed by the nacelle if the wind is

coming uphill or downhill relative to the machine.(T. Pedersen showed areas where anemometer
could be located)

S.Butterfield Are there any effects of blade passsage with nacelle-mounted
anemometer?
T.Pedersen No, the wind speed effects average out.
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V. Minin, Russian Academy of Sciences, Murmansk

Map of Northern Russia shows concentrations of wind near coast of 7.7 m/s - 9 up to 10-12 m/s
The Murmansk test station is located 60 meters above sea level.
Russian-made windsets (from 200 W to 6 kW) are under test at their facility

Test results have been used to improve turbines; as a result of success, will be considered for
large scale tests

Total Russian wind capacity is about SMW

G Dmitriev, Russian Academy of Sciences, Murmansk

Power grids are very small therefore potential is for small scale power sets. The potential for
Kola penisula is 12 x 10° kWh/year; potential capacity is 40 x 10° kW

Hydro and wind are compatible; availability for hydro in spring and summer, availability for
wind in winter.

Icing is not a problem because winter winds blow from SW toward the warmer sea.

There is little interference with human habitation in the area; best wind areas are unpopulated.

Nolan Clark, U.S. Department of Agriculture, Bushland

Testing Activities at the USDA
A Fragoulis .Did you have lightning problems with instrumentation
N.Clark Had a spike and it blew a fuse on the power coming in but didn't have

problem with computer installed

Dale Berg, Sandia Laboratories
Test Activities at Sandia ’

Question: With regard to the application of KRAK gauges, can they be applied to other
types of materials other than aluminum?

D. Berg Yes. Herb Sutherland at Sandia has used them for composites. He can be
contacted at Sandia.
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N. Kelley, NREL
NREL Anemometer Field Calibration

W. Stam
N.Kelley

S.Butterﬁeld

N.Kelley

T.Pedersen

Response:
N.Kelley
H. Klug
N.Kelley

R. Hunter

N. Kelley

A Fragoulis

Could European wind tunnels be included in a round robin test involving U.S.
facilities?

Yes they could be.

Mentioned that NREL and Riso were planning to conduct a round robin

anemometer test in conjunction with the round robin turbine test that will be
conducted next year.

Discussed problems with accuracy of propeller vanes in some cases: turbulence
causes improper tracking; vertical component causes anemometer to read up to
20% low. NREL no longer uses propeller anemometers in windfarm situations.
Cups are not affected in this way by turbulence.

Has this been documented?

No. The question was raised at TC-88 but only according to rumors by the
Americans. This should be formally documented in some way.

Certainty that this problem was happening is high: 1) happened on more than one
level; 2) could be predicted as small-scale turbulence increased.

DEWI has had to calibrate sonic anemometers for many directions due to their
characteristics. Does Kelley have a problem with this?

Did not notice this effect at a very turbulent site; would be more important at a
non-turbulent site. At NWTC turbulence averages 30%.

In Europe have been doing round robins for a long time. Still get small
differences beween tunnels due to difficulty in defining blockage areas. We are
identifying "super teunnels" with limited blockage errors; this has caused
criticism, but now we can identify specific errors between test stations.

It is important to cross check with tests in the atmosphere. Aeronautical tunnels
are too laminar. Scatter is greater with cups when they are tested in a tunnel.

CRES has used propeller, cup and sonic in wind tunnel and test site: They have
found the same thing with propellers (they introduce effects designed into them
and are "second order instruments") The Gill sonic instrument seems to be

directional but this doesn't matter at the test site due to higher turbulence. They
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have used a 3-dimensional propeller ("you get a lot of [extraneous] information if
axis is up to 45 degrees").

H. Klug Should really directly compare a cup and a propeller anemometer. We can
include this in harmonization process.

P.Jensen We have already talked about this

H.Klug Should have one from the States also.
R Hunter Is this under development?

T.Pedersen  No. it is being developed

S. Butterfield
NREL Plans for Certification Testing

A Fragoulis What is schedule for NREL's round robin with Riso?

S.Butterfield Test the AOC 15/50 turbine by Spring (the turbine is already installed at NREL's
facility). Start anemometers sooner. Riso will test in the Autumn

Question: Why do modal testing?

S.Butterfield Natural frequencies are needed to validate dynamics codes like ADAMS and
other models like YAWDYN, FAST and FLAP that use distributed properties.

C. Skamris =~ Why doesn't NREL include type approval in its program?
R.Thresher: Primarily legal reasons - DOE and NREL are not certified to do this through
legislation or other means. Are not insured to handle liability questions arising

from certification.

Alan Johnston, National Engineering Laborafory
Overview of Certification Activities at NEL

Conformity Assessment of Wind Turbines - with LR, will be launched at EWEC in October
1994

Mandatory Testing - where regulations require it and where needed to confirm function and
integrity of a safety critical component or system when: a. calculation is not posible, b. design
information is not known, c. there is lack of confidence in calculations.(e.g., airbrakes at low V)
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Manufacturer can do the test himself, but tests have to be open to scrutiny; an audit trail such as
ISO-9000 is required. However, Safety Systems require independent testing.

NEL defines a hierarchy of 40-50 tests (defined by discrete output data) in the areas of safety,
environment, and performance.

Work Instruction Sheet:
Title
Justification ofr Test
_List of Possible Reference Procedures
Recommended Selection and Amendment of procedure
Interpretation of Test Results

A full NEL test could cost a great deal of money; approach has been to get manufacturer to
assess his own conformity; Lloyd's Register will randomly sample the data that has been

produced. LR will ask what tests have been done; LR will then delve into greater depth of tests
and analyses that have been done.

T.Pedersen  Does this guanaratee a role for Garrad Hassan

R.Hunter No
T.Pedersen = What is an "appearance test"?

R.Hunter This is related to blade reflectivity

C. Skamris
Type Approval of Wind 1Turbines at Riso Laboratory

History of certification in Denmark:
1979 - 1st evaluation
1981 - system approval attached to subsidy system

1994 - open market with certified accreditation bodies (DEA doesn't want to do all type
approvals, RISO must now compete with other companies)

Organization: DEA asked Test Station to develop the system
Limits:

Concrete Foundation - assure that foundation matches planned soil conditions at site
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Electrical System - limited at utility interconnect if not a part of the turbine

Control System - safety aspects only - look at components of system and assure that it matches
the principles of the turbine's control

S.Butterfield How do you track possible flaws?

C.Skamris = We don't have separate tests of the control system, but do simulate failure of
components; look into opertion and maintenance of the wind turbine.

Type Approvals:

1. Safety Systems (mechanical, personnel safety (installation & operation, follow rules
for othersimilar equipment; these are under local jursidiction in Denmark)

2. Documentation Quality (lifetime, efficiency/power curve, rehabﬂlty [more related to
general design integrity], and noise)

Three Levels of Type Approval:

A - highest, all must be documented & installation certificate according to ISO-9002 (1
year)

B - non-safety related components may not have to bedocumented. There can be one
ortwo outstanding points (such as power curve) Can accept a product certificate (1 year)

C - prototypes only - for demonstration, 3-year period, after which turbine must be taken
down or obtain higher level of approval

Question: What about renewals?
C.Skamris  Renewals require reports on all accidents and product changes or improvements

Approval Methods:

Control of documentation (red pencil approach) - has advantage of providing a check of design
methods used by manufacturer. Design is verified through test and analysis performed by Riso.

W. Stam Can manufacturer have verification without doing his own calculations?
C.Skamris = No. Manufacturer must have made his own calculations.

Manuals have to be in Danish for approval by Riso
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Conditions:

Type approval is a commercial activity; therefore the manufacturer must pay. At the same time,
Riso must accept approvals by other bodies in Denmark. They obtain Det Norske Veritas
cooperation for working outside Denmark (they are accredited in The Netherlands and Germany)

S.Butterfield Is Riso ISO-9000 certified?

C.Skamris  No, but we are working on it. EN - 45000 45011 are aspects of ISO-9000 in

Europe, they are more specific for laboratories and certification agencies (similar
to ASQC in United States)

DEA requires that Riso be accredited,but they are working under a grace period

R. Hunter (In response to question) NEL is midway through ISO-9000 accreditation.
NAMAS has certified them in UK for test quality.

W.Stam ECN is accredited according to EN-45000 and 45011.
S. Glocker =~ WINDTEST is accredited according to EN - 45000.

R.Thresher = Guiding Principles in U.S. are that any process meet economic, political and
market realities in U.S.

Industry Driven with consensus approach

Voluntary progrm in the U.S. (market forces will drive companies to participate)
Concentrate capability in one place

Not compete with industry (e.g., certification agencies)

Work for acceptance in other countries on a broad international basis.

. Independent Testing must be maintained separately from turbine development-
(NRE is also direct administrator of R&D funds).

AN ol ol

Wim Stam - ECN
Discussion of European Certification Activities

Certification in Europe has been governmentally driven, but this will change to inudstry driven

European Project to support European wind turbine standards involves Joule I - EUREC, and
European renewable energy centers (CRES, DEWI, Riso, ECN, etc.)

This project is not designed to develop new standards; rather aimed at developing guidelines and
recommendations.

Issues not (properly) covered by existing standards
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W. Stam

S.Butterfield

W.Stam

" R Hunter

D.Dodge

A Fragoulis
S.Butterfield
D.Ancona
W.Stam
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(In response to question from R. Thresher): There is no formal relationship
between this and IEC. Documents will be distributed to the U.S. (first document
will be available at the end of 1994). Makeup of the commiteess is aimost the
same as the IEC participation in Europe.

We try to avoid duplication of on-going IEC activity; i.e., not must inerest in
aoustics, but a lot of focus on anemometery, which is not covered under IEC.
Recommendations will be provided to the IEC working group 7

Should groups operate in closer participation?

Many members are the same among these two groups.

This project is establishing the technological basis for the European participants.

Very similar to the technical work that is going on between NREL, University of
Utah, and U.S. industry participants.

Should work together to form a common baseline (don't know how contractually
do this, but this should be a high priority on the agenda)

Between U.S. and Europe and other countries, formal harmonization is more
difficult than informal harmonization.

No way to enforce harmonization other than to let the market enforce it. each
country has their own set of internal philosophies and procedures. The world
economy will harm those counries that are too restrictive.

Hope that this project will eliminate additional rquirements in Europe.

Want to start an IEA annex for the round robin test; US and Riso should continue,
but this offers an opportunity for others to participate.

IEC has an observer on the IEA and there are already procedures for transferring

documents between the two groups (e.g., acoustics has involved IEC use of an
IEA document)

Group Consensus: Frame round robin in terms of making it an IEA annex; let others look at it
and see if they want to participate . Riso needs a description to give to the Daniah Energy

Agency.

NREL and Riso will draft a proposal.

NREL has its own goals; to establish certification test credibility
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We don't understand different test results from different wind regimes and using
diffrent data systems. We will find sources of error and learn how they are
created.

This scientific reason should be the rationale for the IEA annex
We should leave certification issues out of the IEA agreement

CRES has started something similar to this with a Vestas 225 turbine and a
Nordtank machine operating in Greece, Spain, and Sky River.

Need a small turbine to send around to various countries participating in the
round robin.

W.Stam Suggest that we restrict the loads measurements so that they don't get too
expensive for the various laboratories.

S.Butterfield Staged tests were envisioned for the NREL-Riso round robin so that people could
do what they want to; but a loads program is critical to eventual agreement and
harmonization.

T.Pedersen = The ultimate goal is how to use these data to harmonize testing

R.Thresher = Would be desirable to develop a very abbreviated load test, such as one flap and
one edgewise measurement or do a rainflow count. This would be advantageous
to defining turbine design issues for harmonization. Even "identical" turbines may
not behave in the same way.

Wrap Up Discussion

The group discussed the format of subsequent meetings, agreeing that there should be more
discussion time and fewer formal presentations. The group also agreed that presentatioins
should be more focussed and address specific technical topics.

The next IMTS is tentatively planned for Monday and Tuesday, October 2-3, 1995 at the
National Engineering Laboratory in East Kilbride, Scotland, UK.

Topics for the next meeting (half day focus):

1. Load measurements
2. Power quality
3. Uncertainty of measurement results in relation to the IEC standards documents
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