TRIPOD

Consulting Engineers Specialised in Wind Energy

Whether you are

* a wind turbine manufacturer,
a wind turbine owner or
owner ‘to be’,

a wind farm developer,

a financing institution,

a wind turbine operator,

an insurance company,

a donor organisation, or

another wind energy
stakeholder

*

* % * * * *

you may benefit from consulting the TRIPOD Group. The Group offers numerous services
energy society covering all phases of wind energy projects including wind resource asse
studies, project evaluation, wind turbine development, performance measurements, proof’
farm siting (macro and micro), second opinion, tendering and contract preparation, ¢g
foundation design, trouble shooting, and much more.

Most of the activities are carried out within the two companies TRIPOD Wind Energy |
Engineering ApS.

TRIPOD WIND ENERGY AFPS

ctivities of Tripod Wind Energy ApS fall into
two main categories: Wind resources and wind
turbine testing.

A major portion of our overseas engagements
consists of wind and wind resource measurements
data analyses, and micro siting.

In this respect Tripod has been involved in
that 75 wind farm projects representing mor
5,000 wind trbines ranging from 40 k!
1.65 MW. The activities have given us considg
experience in handling and assessing large am
of data and have provided us with a thol
knowledge of the wind turbine industry.

WIND RESOURCES

The activities include:

* Planning of wind resource assessment
programmes.

Wind measurements.

Government institutions, financing comp|
insurance companies and power utility compy
make use of our services at the initial, pla
stage and at the implementation §
on management as w(
functional If

Analyses of wind measurements.

Evaluation of studi

Micro siting and other optimization
tasks.

* General consultancy services foj
wind farm developers,
owners and other
clients.

and pr

*
*
* Preparation of feasibility studies.
*
*

WIND TURBINE TESTING

Using mobile test stations Tripod Wind Energy has carried out
numerous measuring jobs on wind turbines inside and outside Denmark

in accordance with internationally recognized recommendations. Test periods vary from less than a wi
more than a year. Long test periods may be desirable when the test results are used in an iterative develog
process. DANAK, Danish Accredi —a ber of EA, the European cooperation for Accreditati
has accredited Tripod Wind Energy ApS to carry out the following measurements:

s DAN/

I properties:

Measurement of power curve.

Deter

of mech

- Measurement of yaw efficiency for wind turbines in
operation.

- Determination of natural frequencies for wind turbir
- Determination of structural loads for wind turbines {
standstill and in operation. Statistical processing,
Fourier-analysis and equivalent load calculations.

Functional and safety test: Efficiency of acrodynamic,
mechanic and electric brakes; measurements of safety
system functioning etc.

Measurement of power quality: In-rush currents and
harmonics.

Consulting Engineers
Specialized in Wind Energy
22 Years Experience

Wind measurement
Wind study, micro siting, and energy

o
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Feasibility study
Tender and contract
Project management

Wind turbine measurement
Foundation calculation
Wind turbine calculation

In accordance with the general requir
criteriaand of DANAK's other criterig
Tripod Wind Energy ApS and confir
* That Tripod Wind Energy Ap
* That Tripod Wind Energy Ap;
required technical know-how.
* That Tripod Wind Energy ApS operates
under a Quality Control System according to
the EN 45001 criteria.

)

The d comprises international norms and , and our are, hence,
internationally applicable. It is our aim continuously to expand the scope of our accreditation on basis of the

q of our The e g IEC dards on power quality and load measurements are, of
course, obvious areas for this expansion

Tripod Wind Energy ApS furthermore offers:

* Measurements of other mechanical properties like movements and vibrations.

* Flicker-measurements.

* Wind resource measurements.
With the experience gained from the wide variety of measuring jobs we have developed cniteria for type
approval of wind turbines in Denmark, having contributed this experience to the Danish recommendation for

wind turbine power performance and in collab with the Riso National Laboratory for
the Danish recommendation for type tests of wind turbines

TRIPOD ENGINEERING AFPS

he activities of Tripod Engineering ApS are more traditional engineering activities related to proof
calculations, load modelling etc. Among the activities are:

* Static and dynamic proof calcul of wind turbines and sub-elements.
* Aer ic load simul;

* Finite clement analysis.

* Technical trouble shooting.

* Design of wind farm foundations.

As expertise both on load measurements and on load
calculations is present in the TRIPOD Group, an
important speciality is comparison and verification of
calculated and measured loads used in connection with
certification and/or calibration of load modelling codes.

As an independent consultant serving the whole wind
energy industry, the TRIPOD group is not involved in
the design of wind turbines. However, TRIPOD
Engineering ApS assists the manufacturers in assessing
their design of wind turbines and sub-elements with
respect to strength, lifetime, dynamic behaviour ete
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Trimningsmdling
v. Sgren Gjerding

Tripod Consult har siden fordret 1983 med egne mdlestationer udfert
feltmélinger pd vindmgller, herunder systemgodkendelsesmélinger for
RISP og trimningsmdlinger for Teknologirddet og forskellige firmaer.

Den vasentligste erfaring er, at det ved mdlinger p4 forventet ferdige
meller har vist sig, at de oftest ikke var optimale.

Fabrikanten er pd dette stadium ofte ved at kgre trat. Det er fplgelig
svert at overbevise fabrikanten om, at mellen ikke er helt si god,
som denne troede - eller mere positivt: den kan forbedres.

M.h.t. de konkrete maélingsresultater henvises til rapporterne, som er
navnt nedenfor.
Nogle enkelte punkter kan fremhaves:

- Det er ct spgrgsmdl, om en- eller to-generatordrift konsekvent bgr
foretrakkes.

- Vingeindstilling m.h.t. effektbegraensning kan fravige fra fabrikan-
tens opgivelser.

- Automatisk styring af omdrejningstal for netuafhangige mgller ber
udvikles.

Gjerding konkluderede, at trimningsmdlinger er szrdeles relevante for
iser mindre fabrikanter. De har i princippet et fysisk fardigt produkt,
men mangler den sidste finish/afpudsning.

De allerede gennemfgrte mdlinger har ogsd fert til konkrete produkt-
forbedringer.

Der var blandt symposiets deltagere udbredt tilslutning til at lade
trimningsmdlinger g forud for dokumentationsmdlinger (systemgodken-
delsesgrundlag).

Rapporter:

Trimningsmalinger
(TR nr. 1983-133/001-83412)

Maling af driftsforhold for 75 kW Pademo-mglle
(TC-rapport 850404)

Miling af driftsforhold og effektkurve for 18 kW Kuriant-mglle i Boes
lunde (TC-rapport 850810-1)

Mdling af drifts- og effektforhold for 15 kW Kramsbjerg-mglle
(TC-rapport 850909)
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The Test Station for Wind Turbines

RECOMMANDATION FOR WIND TURBINE
POWER CURVE MEASUREMENTS

to be used for type approval of wind turbines
in relation to

TECHNICAL REQUIREMENTS
FOR
TYPE APPROVAL AND CERTIFICATION
OF WIND TURBINES IN DENMARK

18. SEPTEMBER 1992

Participation to
standard
committees

1. INTRODUCTION

This recommendation was made by a working group under the Energy Agency. The following persons have taken
part in the work of the working group.

Troels Friis Pedersen, secretary The test station, Riso

Soren Markkilde Petersen The test station, Riso

Uwe Schmidt Paulsen “The test station, Riso

Olle Fabian The test station, Riso

Bjame Manbo Pedersen Dept. Fluid Mech., Technical Univ. of Copenhagen
Per Velk Danish Maritime Institute

Michacl B sh Maritime Institute

Sten Frandsen Wind Engineering, Riso
John Olesen Micon

Lars Budiz Vestas

Michael Ariel Niclsen Vestas

Hennk Stiesdal Bonus

Klaus Orsted Petersen Bonus

Per Lading Danwin/Wingincering
Lars Jorgensen Danwin/Wingineering
Peggy Friis Elsam Project

2. OBJECTIVES AND APPLICATION

The d describes a dure for of the power curve of a wind turbine. The procedure
is aimed at measurement of power curves on grid d wind turbines l of their ability to
produce electrical energy in relation to "Technical requirements for type approval and certification of wind turbines
in Denmark”, Danish Energy Agency, Ref. 1.

The power curve 1s defined as a table of data, consisting of connected values of net electric power from the wind
turbine and the wind speed. The wind speed, and other meteorological parameters, are referred to the center of the
wind turbine rotor, as they would be, if they were not disturbed by the presence of the wind turbine. The power
curve shall be corrected, so that it is representative for a standard air density.

The power curve can be corrected 1o another average air density using the correction formula, described in this
procedure.

ENERGISTYRELSENS

Reeludvoly for
Godkendelse of Vindmoller

REKOMMANDATION
TIL OPFYLDELSE AF KRAV

TEKNISK GRUNDLAG

FOR
TYPEGODKENDELSE OG CERTIFI
AF VINDMOLLER I DANMAJ

1. Juli 1992
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Litteraturstudium.”
Dantest, august 1983

Peter Frank Andersen
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Dantest, december 1983

Ramboll & Hannemann A/S
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marts 1991
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Jens B. Gjerding
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Baggrundsdokumentation™

Tripod Consult ApS, juni 1991
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0. juli #92
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TRIPOD WIND ENERGY ApS

RADGIVENDE CIVILINGENIZRER

TURBULENS

Fastlaeggelse af turbulensbidraget fra skyggende moller i vindmglleparker.

(TWE-rapport  920605-1)

(45 sider)
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Fig. 3A Velling Mzrsk - Turbulens vs. vindhastighed, plot
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Triped Wind Data:

Maling af effektkurve pd Vestas V27 - 225 kW vindmglle opstillet i

Velling Maersk.
(TWD-rapport 890816)

Tripod Wind Data:

Wake turbulence
study for Risg

Mdling af effektkurve p& Danwin 180 kW vindmolle opstillet ved Kynd-

by.
(TWD-rapport 900411)

Tripod Wind Data:

Mdling af effektkurve og krgjeevne pd en Winddane 34, 400 kW vind-

mglle fra Danish Wind Technology A/S
(TWD-rapport 880704-1)

Tripod Wind Data:

Mdling af effektkurve pd Nordtank 130 kW vindmelle opsti

keer Enge.
(TWD-rapport 881103)

Tripod Consult:

Mdling af effektkurve pd Vestas V27 - 225 kW vindmglle o/

Vedersp Keer,
(TC-rapport 910130)

Hojstrup og Nergird:
Tandpipe windfarm measurements 1988
Risg-M-2894, december 1990

Nybroe, Rasmussen & Lakkenborg
Mdling pd Sydvestmors Vindmellepark
Folkecenteret, februar 1989

Energistyrelsen / Godkendelsessekretariatet:
Rekommandation til opfyldelse af krav i Teknisk Grundlag
kendelse og Certificering af vindmeller i Danmark.
Provestationen 1. juli 1992
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