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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 3: Measurement of mechanical loads

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a technical specification
when

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide whether
they can be transformed into International Standards.

IEC TS 62600-3, which is a Technical Specification, has been prepared by IEC technical

committee 114: Marine energy — Wave, tidal and other water current converters.
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The text of this Technical Specification is based on the following documents:

Enquiry draft

Report on voting

114/326/DTS

114/336A/RVDTS

Full information on the voting for the approval of this technical specification can be found in the

report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62600 series, published under the general title Marine energy —

Wave, tidal and other water current converters, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Full document details: PD IEC TS 62600-3:2020
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INTRODUCTION

This part of IEC 62600 outlines specifications for the full-scale mechanical loads measurement
on hydrodynamic marine energy converters (MECs). It is directed at a technology readiness
level (TRL) of 7 to 9, meaning the last prototype or the first production device. This document
also outlines the demands for full-scale structural testing of rotor blades as well as the
interpretation and evaluation of test results.

In the process of structural design of marine energy converters, thorough understanding and
accurate quantification of the loading is of utmost importance. In the design stage, loads can
be predicted with simulation models and codes. However, such models have their modelling
restrictions and uncertainties, and they always need to be validated by measurement.

Mechanical load measurements can be used both as the basis for design and as the basis for
certification. The design of marine energy converters is covered by IEC 62600-2: Marine Energy
— Wave, tidal and other water current converters — Part 2: Design requirements for marine
energy systems.

This document is aimed at the test institute, the marine energy converter manufacturer and the
certifying body and defines the requirements for mechanical loads tests resulting in consistent
and reproducible test results.

There exists a large variety of marine energy converter working principles. This document aims
to cover most hydrodynamic marine energy converter working principles. Therefore,
generalised tests are presented at the level of the common subsystems. For Tidal Energy
Converters (TECs) and for other water current converters, the most common working principle
is a turbine comprising blades connected to a rotor shaft. Therefore, detailed tests are specified
for this working principle. For marine energy converter working principles that do not fit partly
or completely in the scope of this document, the technology qualification process is introduced.
Through the technology qualification process, the user can adapt the test programme to their
specific marine energy converter.

This document is comparable to the international wind standards IEC 61400-13: Wind turbines
— Part 13: Measurement of mechanical loads and IEC 61400-23: Wind turbines — Part 23: Full-
scale structural testing of rotor blades. Since testing laboratories and certification bodies
already have experience with these wind standards, it is convenient to adapt the same methods
where possible.

There is not much published experience with offshore mechanical load measurement on marine
energy converters. This document is a first step towards a future International Standard which
can be used as part of a type certification process of marine energy converters. First,
experience should be gained with offshore mechanical load measurement and with the
application of this document.

Compliance with this document does not relieve any person, organization, or corporation from
the responsibility of observing other applicable regulations.

Documents
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MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 3: Measurement of mechanical loads

1 Scope

1.1 General

This part of IEC 62600 describes the measurement of mechanical loads on hydrodynamic
marine energy converters such as wave, tidal and other water current converters (including
river current converters) for the purpose of load simulation model validation and certification.
This document contains the requirements and recommendations for the measurement of
mechanical loads for such activities as site selection, measurand selection, data acquisition,
calibration, data verification, measurement load cases, capture matrix, post-processing,
uncertainty determination and reporting.

Informative annexes are also provided to improve understanding of testing methods. The
methods described in this document can also be used for mechanical loads measurements for
other purposes such as obtaining a measured statistical representation of loads, direct
measurements of the design loads, safety and function testing, or measurement of subsystem
or component structural loads.

Through a technology qualification process, the test requirements can be adapted to the specific
marine energy converter.

This document also defines the requirements for full-scale structural testing of subsystems or
parts with a special focus on full-scale structural testing of marine energy converter rotor blades
and for the interpretation and evaluation of achieved test results. This document focuses on
aspects of testing related to an evaluation of the structural integrity of the blade. The purpose
of the tests is to confirm to an acceptable level of probability that the whole installed production
of a blade type fulfils the design assumptions.

1.2 Subdivision of marine energy converter types

There is a wide variety of marine energy converter types, especially concerning wave energy
converters (WECs). For tidal energy converters and other current energy converters (CECs)
the working principle of a turbine comprising blades connected to a rotor shaft, is common,
whether seabed mounted or mounted to floating structures. However, there are also other types
of tidal energy converters under development without blades connected to a rotor shaft and
there are wave energy converters under development with blades connected to a rotor shaft.
This document aims to cover all types of hydrodynamic marine energy converters, being wave
energy converters (WECs) and current energy converters (CECs). Therefore, this document
provides requirements and recommendations for all wave energy converters and current energy
converters. For wave energy converters and current energy converters with blades connected
to a rotor shaft, the requirements are specified in more detail, since in this case there is more
knowledge about the technical components of the device.

For all wave and current energy converters a subdivision can be made between seabed
(or shore) mounted devices (see Figure 1) and floating devices (see Figure 2). The seabed can
also be ariverbed and the shore can also be a pier, a bridge girder, a canal lock gate or another
artificial construction. The seabed (or shore) mounted devices generally consist of the following
subsystems:

e prime mover;
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e power take-off (PTO);
e control;

e foundation and/or substructure.

Free surface

——~ Prime T

mover

/ : PTO

Control

Foundation
and/or
substructure

/1111

Seabed or shore

IEC
Figure 1 — General scheme of marine energy converters fixed to the seabed or shore

There can be marine energy converter types that do not fit in this characterization like the
magneto hydrodynamic device (MHD), where the seawater itself is the prime mover. For such

a device the scheme can be reduced to only “foundation and/or substructure”, “power take-off”
and “control”. At the oscillating water column device (OWC), air is used to transfer power from
the moving seawater to the turbine. Here the air turbine is the prime mover.

Figure 2 gives a scheme for floating marine energy converter working principles. The floating
marine energy converters generally consist of the following subsystems:

e prime mover;

e power take-off (PTO);
e control;

o floating device;

e mooring system.
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Figure 2 — General scheme of floating marine energy
converters moored to the seabed or shore

Other configurations of the subsystems in these figures are also possible. For example, for
wave energy converters the power take-off and prime mover can be inside the floating device.
Also, a marine energy converter can be composed from more than one subsystem of any kind.
The subsystems can also be connected in series, such as alternating series of prime movers
and power take-offs, or in parallel. The floating device can also be moored above the seabed
but below the free surface.

Special requirements are provided for marine energy converters with one or more blades
connected at a single end to a rotor shaft. The rotor forms the prime mover of the marine energy
converter. The rotor can rotate with respect to a substructure. The power take-off connects the
rotor to the substructure and houses an energy conversion from mechanical power to electrical
power or some other form of transportable power such as hydraulic power. This is also called
the drive train. The power take-off can be housed in a nacelle. The substructure connects the
power take-off to the foundation fixed to the seabed or shore (see Figure 3). A control
subsystem can be applied to control critical functions like rotor speed, rotor torque and rotor
braking.

Free surface

Blade
Control
Rotor
. | Power take-off
/—\ Substructure
| Foundation

/1117

Seabed or shore IEC

Figure 3 — Marine energy converter with blades connected
to a rotor shaft supported by a fixed substructure

There are also optional mechanical components in a control subsystem for exampleDocuments
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e mechanism to allow yawing of the rotor towards the direction of the current (e.g. for the ebb
and flood current direction);

e mechanism to allow pitching of the rotor blades for example to optimise power production,
to shed loads or to adjust to the direction of the current.

The rotor and power take-off can also be supported by a floating device which is connected to
the seabed (or shore) by a mooring system (see Figure 4).

Power take-off
Free surface \

Floating
device

Mooring
~ system

Control

I

Seabed or shore IEC

Figure 4 — Marine energy converter with blades connected
to a rotor shaft supported by a floating device

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC TS 62600-1, Marine Energy — Wave, tidal and other water current converters — Part 1:
Terminology

IEC TS 62600-2:2019, Marine energy — Wave, tidal and other water current converters — Part
2: Marine energy systems — Design requirements

IEC TS 62600-10, Marine Energy — Wave, tidal and other water current converters — Part 10:
Assessment of mooring system for marine energy converters (MECs)

IEC TS 62600-100, Marine Energy — Wave, tidal and other water current converters — Part 100:
Electricity producing wave energy converters — Power performance assessment

IEC TS 62600-200, Marine energy — Wave, tidal and other water current converters — Part 200:
Electricity producing tidal energy converters — Power performance assessment

IEC TS 62600-300, Marine energy — Wave, tidal and other water current converters — Part 300:
Electricity producing river energy converters — Power performance assessment

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 62600-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

capture matrix

tabular description of the measurand time series as a function of relevant meteorological and
oceanographic parameters

4 Symbols, units and abbreviated terms

4.1 Symbols

B Number of blades

C Constant used in S-N curve formulation

S Frequency [Hz]
Ie Filter cut off frequency [Hz]
A Sampling frequency [Hz]
F Force [N]
F, Blade flatwise shear force (chordwise coordinates) [N]
Fy Blade edgewise shear force (chordwise coordinates) [N]
F, Blade spanwise (tensile) force (chordwise coordinates) [N]
Fy Blade flapwise shear force (rotor coordinates) [N]
Fy Blade lead-lag shear force (rotor coordinates) [N]
F, Blade spanwise (tensile) force (rotor coordinates) [N]
H Reduction factor

-

Index for current speed bin

~.

J Index for number of data sets in the ith current speed bin

L Number of blades instrumented for blade root bending moments

m Slope of S-N curve

M, Blade edgewise bending moment (chordwise coordinates) [Nm]
M, Blade flatwise bending moment (chordwise coordinates) [Nm]
My Blade root edgewise bending moment [Nm]
Mp¢ Blade root flatwise bending moment [Nm]
My, Blade root in-plane bending moment [Nm]
M, Blade torsion moment [Nm]
My Base of tubular column lateral moment [Nm]
M, Base of tubular column normal moment

[Nm]
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Rotor torque

Blade main shaft torque

Rotor tilt moment

Blade lead-lag bending moment

Blade flapwise bending moment

Rotor yaw moment

Blade torsion moment (rotor coordinates)

Number of cycles fatigue test

Number of cycles in the ith class of the fatigue load spectrum
number of calculated cycles for the design service life

number of cycles to failure at load range level S
Number of 10-min data sets in bin i

Power output of the MEC
Rated power

Rotor radius
Radius of strain gauge location

1 Hz 10-min equivalent load
Load of the ith range bin of the fatigue load spectrum

Load range
Bin averaged current speed in current speed bin i

10-min averaged current speed of data set; in current speed bin {
Blade coordinates (see Figure B.1)

Hub coordinates (see Figure B.2)

Bin averaged variable in question in current speed bin i

10-min averaged variable of data set; in current speed bin i
Nacelle coordinates (see Figure B.3)

Tubular column coordinates (see Figure B.4)

4.2 Greek symbols

14
Vef
vt
7m
7m2

’m3

Partial factor or test load factor
Test load factor

Partial factor for loads

Material factor

Material factor for variations in manufacturing process
Material factor for environmental factors

Efficiency of the components between point of main shaft torque
measurement and point of power measurement

Standard deviation

Full document details: PD IEC TS 62600-3:2020

[Nm]
[Nm]
[Nm]
[Nm]
[Nm]
[Nm]
[Nm]

[W]

[W]

[m]

[m]
[Nm]
[Nm]
[Nm, N]
[m/s]

[m/s]

[%]
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Standard deviation of the mean in current speed bin i

Oxi

P Angle for yaw misalignment [°]
Q Rotor speed [rad/s]
4.3 Subscripts

df Design load: fatigue

du Design load: static

ef Uncertainty in fatigue formulation of test load
f Load

If Environmental effects: fatigue

lu Environmental effects: static

sf Blade to blade variation: fatigue test load

su Blade to blade variation: static test load
target Target loading conditions

test Test loading conditions

4.4 Abbreviated terms

DAS Data acquisition system

DEL Damage equivalent load

DLC Design load case

FBG Fibre Bragg grating optical strain sensor
MLC Measurement load case

PSD Power spectral density

TI Turbulence intensity

5 General

5.1 Document structure

This document is structured to follow the general process for conducting mechanical loads tests:

Clause 6 contains the requirements for the test site, measurement load cases and the
quantities to be measured;

Clause 7 contains the requirements on the instrumentation to be used;
Clause 8 contains the requirements for the calibration factors;

Clause 9 contains the recommendations for the data verification (both verification of the
calibrations and verifications to be performed throughout the campaign);

Clause 10 contains the requirements for the processing of the measured data;
Clause 11 contains the requirements for uncertainty estimation, and

Clause 12 contains the requirements for the reporting of the results.

The document also contains a normative annex on rotor blade testing for MECs with blades
connected to a rotor shaft (Annex A).

In addition to the normative clauses above, the document also contains informative annexes for
the following subjects:

Example coordinate systems for MECs with blades connected to a rotor shaft;
Documents
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e Recommendations for design and testing of MECs with respect to ice loading and ice
accretion;

e Offshore load measurement;

e Uncertainty analysis;

e Load model validation;

e Formulation of test load for rotor blade testing;

o Difference between design and test load conditions for rotor blade testing;

e Determination of number of load cycles for fatigue tests of rotor blades.
5.2 Safety during testing

Certain measurement load cases (MLCs) involve deliberate operation of the MEC in extreme
and/or emergency fault conditions (for example, grid loss). As the purpose of the tests and
measurements is to verify loads on a prototype MEC, it shall not be assumed that the MEC will
behave and respond as intended. Therefore, such tests shall always be assumed to be
dangerous and due regard shall be taken for personnel safety. Preferably, such tests should
not be carried out with personnel inside or on the MEC. If possible, such tests should be initiated
and observed from a safe position, usually at a safe distance with the MEC downstream or down
wave (considering current or dominant wave direction) of the observer. Through the technology
qualification process of 5.3, the test requirements can be adapted to the specific MEC. All tests
and test procedures shall be agreed with the MEC manufacturer before implementation to
ensure that the MEC integrity, and hence that personnel safety, is not compromised.
Requirements from existing applicable safety standards shall be followed.

5.3 Technology qualification

If the developer does not follow the requirements in this document, then a technology
qualification process should outline how the risks associated with not following the
requirements, have been mitigated. For technology qualification see IEC TS 62600-2.

It should be noted that in addition to the tests outlined in this document, which are aligned with
the design load cases of IEC TS 62600-2, there may be additional tests which are identified
during a technology qualification process. For example, if the device incorporates novel
elements these elements may need to be tested to prove functionality can be achieved
(see 6.3). These tests should follow the general properties outlined in this document.

NOTE A new Technical Specification for technology qualification is being developed for marine energy
(IEC TS 62600-4).

5.4 Load measurement

Generally material stresses cannot be measured directly but are measured as strains at or in
the material. In the material there is a three-dimensional set of tension (or compression) and
shear stresses which is called a stress tensor. From the measured strains, the stresses can be
deduced and from the stresses the loading can be deduced. Therefore, this process is referred
to as load measurement. For ductile metals the Von Mises yield criterion can be used to reduce
the complex tensor to a single representative stress.

6 Test requirements

6.1 General
In Clause 6 the requirements for the tests are described. These include requirements for:

o the test site;

e the MLCs and the amount of data required for each;
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o the quantities to be measured;

e changes in the MEC configuration.

Through the technology qualification process of 5.3, the test requirements can be adapted to
the specific MEC.

6.2 Test site requirements all WEC and CEC

The bathymetry and the metocean conditions should be capable of fulfilling the requirements of
IEC TS 62600-100, IEC TS 62600-200 or IEC TS 62600-300 as applicable for the MEC. A test
site assessment should be completed according to the applicable standard. If the test site does
not meet the requirements of this standard, a site survey should be performed. It should be
noted that high turbulence and high wave energy flux is better for a mechanical loads test due
to the necessary excitation of all WEC or CEC dynamics. The test site should reach at least the
rated power that the MEC is designed for.

In general, the accuracy requirements for the metocean conditions for a mechanical loads test
are not as stringent as for power performance testing. However, if no site survey is performed
in a complex bathymetry where large correction factors can be expected there is increased risk
that the test data may not be suitable for model validation.

6.3 Subsystem or structural component laboratory load testing

Separate full-scale testing of subsystems or structural components in a laboratory should be
considered when:

e a subsystem (or structural component) is used in a different environment than which it is
certified for or tested for, or the subsystem (or structural component) is used in a different
way than it is certified for or tested for;

e the loading of the subsystem or structural component is not well understood;

e the subsystem or structural component is constructed from anisotropic or layered materials
in which the stresses are not fully predictable, or in which the production process has
influence on for example the fatigue strength or durability in seawater (for example rotor
blades);

e the complex nature of the subsystem or structural component makes it difficult to predict the
stresses in the part (for example a gearbox with a shaft under stochastic multi directional
loading and complex internal dynamic effects);

e The calculated reserve against fatigue failure is low (see Annex G).

For WECs and CECs with blades connected to a rotor shaft, the rotor blades shall be tested as
specified in Annex A.

Through the technology qualification process of 5.3, the necessity of full-scale testing of
subsystems or structural components can be identified for the specific MEC.

6.4 Measurement load cases all WEC and CEC
6.4.1 General

6.4 provides the minimum required MLCs needed for proper model validation. Where applicable
the MLCs are defined in relation to the DLCs, described in IEC TS 62600-2: 2019.

The MLCs define the main external conditions and the operational states of the MEC during the
measurements. The external conditions include oceanographic and meteorological quantities.
The operating states depend on the MEC configuration and shall be specified for each particular
case.

Documents

Document Sharing Hub

Full document details: PD IEC TS 62600-3:2020


http://www.avadocuments.com/doc/pd-iec-ts-62600-3-2020
http://www.avadocuments.com/doc/pd-iec-ts-62600-3-2020

- 20 - IEC TS 62600-3:2020 © |IEC 2020

Due to the stochastic character of the external conditions, measurements of some MLCs shall
be repeated in order to reduce the statistical uncertainty. The minimum number of
measurements at each MLC is specified.

The measured time histories are classified in two ways: one considering steady-state operation
and one considering transient events. During the steady state operation time series, the MEC
should be in a stable condition. For a TEC it can take 5 min or less from start-up and for a WEC
it can take 20 min or more. The averaging period should be as in IEC TS 62600-100, IEC TS
62600-200 or IEC TS 62600-300 as applicable.

Table 1, Table 2 and Table 3 show the minimum MLCs that shall be recorded. The MLCs defined
in the tables may not be sufficient. Additional MLCs may be necessary depending on the MEC
concept, control strategy, and safety strategy. The MLCs should demonstrate that the MEC can
reach the safety and reliability levels that resulted from the model simulation calculations.
Therefore, the simulation model should be validated with the load measurements, and the
simulation calculations should be extrapolated to determine the ultimate limit state and the
fatigue limit state. Care should be taken that the simulation calculations are also extrapolated
to the natural or critical frequencies of all the subsystems.

There is the following hierarchy in the measurement load cases:

a) Human safety and station keeping (see IEC TS 62600-2:2019, 5.5);
b) Normal design category (see IEC TS 62600-2:2019, 7.3.3);
c) Abnormal and extreme design category (see IEC TS 62600-2:2019, 7.3.3);

MLCs that are required by local, state, regional, national or federal regulations are mandatory.

Through the technology qualification process of 5.3, the MLCs can be adapted to the specific
MEC.

6.4.2 MLCs during steady-state operation
6.4.2.1 General

In the steady state operation, there are in general two operating states: power production and
parked or idling (see Table 1). Important are combinations of currents and waves that can
induce excitation of the natural frequencies or special dynamics of the MEC. For the case that
the control system is programmed to avoid these excitations, see 6.4.5.

6.4.2.2 Power production

During power production, measurements should be performed according to the criteria of
IEC TS 62600-100, IEC TS 62600-200 or IEC TS 62600-300 depending on the application of
the MEC.

6.4.2.3 Parked

For MECs that have a parked condition, the loads on the parked MEC shall be measured
(see Table 1). It is recommended that measurements be performed at water speed and/or wave
energy flux as high as possible at the site. The combination of currents and waves that apply
the highest loads on the MEC should be aimed for. The same method applies for MECs without
a parked condition.
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Table 1 - MLCs during steady-state operation

MLC MLC DLCs IEC TS 62600-2:2019 Remarks
number Table 7 and Table 8

1.1 Power production |1) In this mode of operation, the MEC is running and
connected to the grid

1.2 Parked 6) When the MEC is parked, the prime mover may be
either in a standstill or idling

6.4.3 MLCs during transient events
6.4.3.1 General

These MLCs include all events resulting in loads on the MEC during the transients from the one
operating state to the other. For example, from the operating state standstill or idling to power
production and vice versa (see Table 2). Other transients between operating states than the
ones that are given in 6.4.3.2, 6.4.3.3, 6.4.3.4 and 6.4.3.5 are possible depending on the
working principle of the MEC and the settings of the control system.

6.4.3.2 Start-up

The normal start-up of the MEC should be performed at around 10 % of rated power and at
rated power. If the MEC operates at more than one fixed rotational or translational speed, start-
up at the different speeds should be evaluated also.

6.4.3.3 Normal shutdown

This design situation includes all events resulting in loads on a MEC during the normal transient
caused by going from power production to a parked condition. The normal shutdown should be
performed at around 10 % of rated power and at rated power.

6.4.3.4 Emergency shutdown

The loads during an emergency shutdown shall be considered. This shutdown should be
performed at rated power.

6.4.3.5 Grid failure

The loads during a grid failure shall be considered. This MLC should be performed while the
MEC is producing rated power, by disconnecting the MEC from the grid resulting in a shutdown.

Table 2 — Measurement of transient load cases

MLC MLC DLCs IEC TS 62600-2:2019 Target conditions
number Table 7 and Table 8
2.1 Start-up 3) Around 10 % of rated power and rated power
2.2 Normal shutdown 4) Around 10 % of rated power and rated power
2.3 Emergency shutdown |5) Rated power
(by pushbutton)
2.4 Grid failure Rated power

6.4.4 MLCs for dynamic characterization

Table 3 provides the measurement load cases that are recommended for the dynamic
characterization of the MEC frequencies. The table also provides the targeted frequencies for
each MLC. Artificial excitation can be an important first test for dynamic characterization under
controlled circumstances, for example in a sheltered harbour. Documents
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Table 3 — MLCs for dynamic characterization

MLC Measurement load| DLCs IEC TS Target frequencies Comment
number case 62600-2:2019
Table 7 and
Table 8
3.1 Power production 1) Prime mover, PTO and Normal operation with relatively

substructure frequencies® | steady power production

3.2 Parked? 6) Prime mover and MEC is parked (standstill or idling)
substructure frequencies®

3.3 Emergency stop 5) Prime mover, PTO and Emergency stop from rated power
substructure frequencies®

3.4 Artificial excitation® Prime mover and The MEC will be brought in
substructure frequencies® | excitation by an artificial force under
controlled circumstances

a8 High enough water speed and/or wave energy flux to obtain sufficient excitation, this will be MEC specific.

b Low enough water speed and wave energy flux to not have the excitation affected by other hydrodynamic loads.
Testing may be done in a sheltered harbour, for example a decay test for a WEC and a pulling test for a CEC.

¢ Depending on the WEC or CEC configuration, the target frequencies can also be foundation frequencies,
floating device frequencies or mooring system frequencies.

6.4.5 MLC for abnormal operating condition

In the case of an abnormal operating condition (according to IEC TS 62600-2), such as a control
system failure, the MEC’s electrical, mechanical, and control system shall transition to a safe
condition or state that is safe for humans to service. Therefore, the structural integrity should
be safeguarded as well as the station keeping. In this MLC, the control system shall be switched
off at rated power. There should be no dangerous moving components, vibrations or
accelerations when the water speed and/or wave height is deemed acceptable for service
personnel to engage with the MEC.

6.4.6 Capture matrices
6.4.6.1 General

Capture matrices are used to organize the measured time series. The capture matrices have
two objectives: they are used to specify the minimum required data for each measurement load
case and can be used to report the test database to demonstrate the minimum data
requirements have been fulfilled. The number of bins in the matrices should be adapted for
each specific measurement campaign based on the MEC operating states and control points.

6.4.6.2 Power production

During the measurement campaign, the data in the capture matrix should be classified
according to the power matrix for WECs as in IEC TS 62600-100, the methods of bins for TECs
as in IEC TS 62600-200 or the method of bins for river energy converters as in
IEC TS 62600-300.

6.4.6.3 Parked

The parked measurement load case has the MEC in the parked state (either standstill or idling
without power production; see Table 4). When more data sets are collected than the minimum
listed in the capture matrix, only the minimum required need to be reported. If there are more
than one parked state or more than one excitation state that can have a relevant influence on
the structural loading, then a separate measurement should be performed for each parked state
or excitation state.
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Table 4 — Capture matrix for parked condition

Parked
Time series record length In a stable condition
Parking modes Normal parked state
Water speed and/or wave energy flux As high as possible
Minimum data requirement 1

6.4.6.4 Transient events

The capture matrices for the transient events are given in Table 5 and Table 6. The minimum
number of repetitions and the power level are indicated. The emergency shutdown and grid
failure should be performed at rated power.

Table 5 — Capture matrix for normal transient events

Normal start-up and shutdown events
Event Power level: Around 10 % of rated power Rated power
Start-up Minimum required repetitions: 3 3
Normal shut-down Minimum required repetitions: 3 3

Table 6 — Capture matrix for other than normal transient events

Other transient events
Event Target conditions Minimum required repetitions
Emergency shutdown Rated power 3
Grid failure Rated power 3

6.5 Measurement load cases for MECs with blades connected to a rotor shaft
6.5.1 General

For MECs with blades connected to a rotor shaft the MLCs of 6.4 shall be used, except for those
MLCs that are specified in 6.5.

Through the technology qualification process of 5.3, the MLCs can be adapted to the specific
MEC.

6.5.2 MLCs for dynamic characterization

Table 7 provides the measurement load cases that are recommended for the dynamic
characterization of the MEC frequencies. The table also provides the targeted frequencies for
each MLC.
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Table 7 — MLCs for dynamic characterization

MLC number| Measurement | DLCs IEC TS 62600- | Target frequencies Comment
load case 2:2019, Table 7 and
Table 8
3.1 Power 1) Blade, drivetrain and |Normal operation with relatively
production substructure steady rotational speed
frequencies®
3.2 Parked? 6) Blade and MEC is parked (standstill or idling)
substructure
frequencies®
3.3 Emergency stop |(5) Blade, drivetrain and |Emergency stop from rated power
substructure
frequencies®
3.4 Artificial Low water speed and |Blade frequencies The artificial excitation can be
excitation® wave energy flux performed under controlled
conditions like in a sheltered
harbour.

2 High enough water speed and/or wave energy flux to get sufficient excitation, this will be MEC specific.

b Low enough water speed and wave energy flux to not have the excitation affected by other hydrodynamic loads.
Testing may be done in a sheltered harbour, for example a decay test for a WEC and a pulling test for a CEC.

¢ Depending on the WEC or CEC configuration the target frequencies can also be foundation frequencies, floating
device frequencies or mooring system frequencies.

6.5.3 Capture matrices
6.5.3.1 General

For MECs with blades connected to a rotor shaft the capture matrices of 6.4.6 shall be used,
except for those specified in 6.5.3.

6.5.3.2 Parked

The parked measurement load case has the MEC in the parked state (either standstill or idling).
For MECs where the rotor axis is controlled to be in line with or perpendicular to the current or
wave direction (whichever is applicable), yaw misalignment can cause high loading on the
blades. One time series should be collected with target values of 30° yaw misalignment, one
with 0° yaw misalignment and one with —30° yaw misalignment (see Table 8 and Annex B).

When more data sets are collected than the minimum listed in the capture matrix, only the
minimum required need to be reported.

Table 8 — Capture matrix for parked condition

Parked
Time series record length 10 min
Parking modes Normal parked state (for example, idling, standstill)
Target yaw misalignment -30 0 30
ma)l(ter speed or wave energy As high as possible As high as possible As high as possible
Minimum data requirement 1 1 1

If there are other operating states or excitation states that can have a relevant influence on the
structural loading these operating states or excitation states should be added.
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6.6 Quantities to be measured for all WEC and CEC
6.6.1 General

The main objective of mechanical load measurements is the verification of the design load
model of the tested MEC type. This is performed by repeating the analysis with the model
parameters adjusted to match the measured site conditions. Therefore, it is essential to have a
good representation of meteorological and oceanographic quantities as well as the operation
quantities in order to compare measured and simulated load quantities.

The relevant physical quantities to be determined in order to characterize the loading of MECs
can be classified into the following:
e load quantities (for example, prime mover loads and substructure loads);

e oceanographic quantities (for example, current velocity, current turbulence, wave energy
flux and wave period);

o meteorological quantities (for example, wind speed and direction, air density);

e operation quantities (for example, power production, rotational speed, pitch angles, yaw
misalignment, rotor azimuth angle, operational state).

Mandatory and recommended measurements as listed in Table 9, Table 10, Table 11, Table 12
and Table 13 are found to be important for model validation. There is a risk in not performing
the recommended measurements as these may be helpful for explaining differences between
the simulated and measured data.

The load quantities to be measured should be selected at the following structural areas:

e the structural interfaces between the subsystems or structural components;

e those parts of the structure where calculations show the smallest safety factors against
buckling, strength or fatigue life;

e the structural areas of uncertainty (e.g. wave slamming loads);

e areas that can deliver information about the load distribution over a subsystem or
component.

Through the technology qualification process of 5.3, the quantities to be measured can be
adapted to the specific MEC.

6.6.2 Load quantities

The loads that shall be measured are listed in Table 9. These are the most important loads on
crucial locations of the MEC structure. With these loads the simulation results can be validated
and from these loads the loading of the relevant MEC structural components can be derived.
See Figure 1 and Figure 2 for a scheme of the subsystems.
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Table 9 — All WEC and CEC load quantities

Load quantities Level of importance
Loads in the prime mover at or near a point where it connects to the PTO Mandatory
Loads in the PTO at or near a point where it connects to the substructure and/or the Mandatory
foundation or to a floating device 2
Station keeping loads in two perpendicular directions @ Mandatory
Prime mover absolute and relative position P Mandatory
PTO absolute and relative position ? Mandatory
Floating device absolute and relative position 2:® Mandatory
Loads exerted on the prime mover. For example, in high stress structural components Recommended
like in slender parts of the prime mover, or loads at or near connection areas between
structural components of the prime mover
Load at or near a point where a control action is exerted, for example a brake action or | Recommended
an end stop

2 |If a floating device and mooring system is part of the MEC configuration. Station keeping loads can be
measured in a single direction when the perpendicular loads are shown to be negligible.

b If applicable, also a velocity measurement and an acceleration measurement.

6.6.3 Meteorological and oceanographic quantities

Table 10 lists the oceanographic and meteorological quantities to be measured.

Table 10 — Oceanographic and meteorological quantities

Quantity Level of importance
Current speed Mandatory
Current direction Mandatory
Water temperature Mandatory
Current turbulence intensity (for tidal and other current energy converters) Mandatory
Current vertical distribution (for tidal and other current energy converters) Mandatory
Surface elevation and water depth? Mandatory
Ice accretion potential® Recommended
Wind speed® Recommended
Wind direction® Recommended
Air temperature® Recommended
Air humidity® Recommended
Atmospheric pressure Recommended
2  From the surface elevation measurements the directional wave spectrum should be derived.
b For MECs with structural components above the free surface.

6.6.4 MEC operation quantities

Table 11 lists the operation quantities to be measured.
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Table 11 — MEC operation quantities

Quantity Level of importance
PTO power input and output Mandatory
Position of Prime Mover Mandatory
Operational state control system Mandatory
Control system input data and status Mandatory
Brakes loading (if not possible, brake pressure) @ Recommended
Draft or freeboard of the floating device ° Recommended
End stop loading °© Recommended
2 If a mechanical braking device is part of the braking system.
b If a floating device is part of the MEC configuration.
¢ If one or more end stops are part of the MEC configuration.

It is recommended to measure the kinematic component (e.g. linear or angular velocity,
hydraulic flow rate or electrical current) and the dynamic component (e.g. force, torque,
hydraulic pressure or electrical voltage) of the PTO input power as well as the PTO output
power. Both components can have a direct influence on the loads in the structure (e.g.
frequencies for the kinematic component and stresses for the dynamic component of power).

Control system operational state information (for example, normal operation, load control
operation, idling, grid connection, emergency shutdown, protection system activation, etc.) is
necessary in order to properly categorize recorded data. In those cases where several
operational states (e.g. normal operation and load control) are used during the load
measurement campaign it is recommended that automatic data acquisition of the different
modes is implemented.

Control system input data and status signals indicate for example online/offline and faulted/not-
faulted conditions.

6.7 Quantities to be measured for MECs with blades connected to a rotor shaft
6.7.1 General

In 6.7 the load quantities and MEC operation quantities for MEC configurations with blades
connected to a rotor shaft are described. These are specifications of the general load quantities
and MEC operation quantities in 6.6.

The PTO of a MEC with blades connected to a rotor shaft can be supported:

e by a substructure and/or foundation that is connected to the seabed or shore;

e by a floating device which is moored to the seabed or shore.

These requirements are valid for a MEC with blades connected to a rotor shaft of which the
PTO is connected with a tubular column to a substructure/foundation or to a floating device. In
case of special designs (e.g. structured supports, hybrid or two part connected blades, active
hydrodynamic controls on the blades, etc.) additional measurements may be required for model
validation.

Through the technology qualification process of 5.3, the MLCs can be adapted to the specific
MEC.
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