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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -
Part 30: Safety of wind turbine generators — General principles for design

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 61400-30 has been prepared by IEC technical committee 88: Wind energy generation
systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

88/910/DTS 88/935A/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61400 series, published under the general title Wind energy
generation systems, 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 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.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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WIND ENERGY GENERATION SYSTEMS -

Part 30: Safety of wind turbine generators — General principles for design

1 Scope

This part of IEC 61400, which is a Technical Specification, specifies the essential health and
safety requirements related to the design of wind turbines with horizontal axes with the

exception of those included in the scope of [JEC 61400-2.

For other wind turbine concepts such as vertical axes, floating, or smaller turbines
(see |[EC 61400-2), the principles of this document are valid, however they are adjusted to the
actual concept.

This document focuses on requirements for safe operation, inspection, maintenance,
installation and decommissioning.

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.

EC 60073, Basic and safety principles for man-machine interface, marking and identification —
Coding principles for indicators and actuators

IEC 60204-1:2016, Safety of machinery - Electrical equipment of machines - Part 1: General
requirements

EC 60204-11|, Safety of machinery — Electrical equipment of machines — Part 11: Requirements
for equipment for voltages above 1 000 V AC or 1 500 V DC and not exceeding 36 kV

IEC 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

EC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60695-11-10Q, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

IEC 60950-1, Information technology equipment — Safety — Part 1: General requirements

EC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity
standard for industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission
standard for industrial environments

EC 61310-1, Safety of machinery — Indication, marking and actuation — Part 1: Requirements
for visual, acoustic and tactile signals
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IEC 61400-1:2019, Wind energy generation systems — Part 1: Design requirements

IEC 61400-3-1, Wind energy generation systems — Part 3-1: Design requirements for fixed
offshore wind turbines

IEC TS 61400-3-2, Wind energy generation systems — Part 3-2: Design requirements for floating
offshore wind turbines

EC 61400-24, Wind energy generation systems — Part 24: Lightning protection
EC 61439-1, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

EC 61439-4, Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear
and controlgear assemblies

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safety-
related systems

IEC 61936-1:2021, Power installations exceeding 1 kV AC and 1,5 kV DC - Part 1: AC
IEC 62040 (all parts), Uninterruptible power systems (UPS) — Part 1: Safety requirements

IEC 62061:2021, Safety of machinery — Functional safety of safety-related control systems

IEC 62271-200Q, High-voltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC 62485 (all parts), Safety requirements for secondary batteries and battery installations
ISO 3864 (all parts), Graphical symbols — Safety colours and safety signs

ISO 4413, Hydraulic fluid power — General rules and safety requirements for systems and their
components

ISO 4414, Pneumatic fluid power — General rules and safety requirements for systems and their
components

ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs
ISO 7250 (all parts), Basic human body measurements for technological design

ISO 9355 (all parts), Ergonomic requirements for the design of displays and control actuators
ISO 11228 (all parts), Ergonomics — Manual handling

ISO/TR 11688-1, Acoustics — Recommended practice for the design of low-noise machinery
and equipment — Part 1: Planning

ISO/TR 11688-2, Acoustics — Recommended practice for the design of low-noise machinery
and equipment — Part 2: Introduction to the physics of low-noise design

ISO 12100:2010, Safety of machinery — General principles for design — Risk assessment and
risk reduction
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ISO 13732-1, Ergonomics of the thermal environment — Methods for the assessment of human
responses to contact with surfaces — Part 1: Hot surfaces

ISO 13732-3, Ergonomics of the thermal environment — Methods for the assessment of human
responses to contact with surfaces — Part 3: Cold surfaces

ISO 13849-1:20151, Safety of machinery — Safety-related parts of control systems — Part 1:
General principles for design

SO 138449 (all parts), Safety of machinery — Safety-related parts of control systems
ISO 13850:2015, Safety of machinery — Emergency stop function — Principles for design
SO 13854, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

ISO 13857, Safety of machinery — Safety distances to prevent hazard zones being reached by
upper and lower limbs

SO 14118, Safety of machinery — Prevention of unexpected start-up

ISO 14119, Safety of machinery — Interlocking devices associated with guards — Principles for
design and selection

ISO 14120, Safety of machinery — Guards — General requirements for the design and
construction of fixed and movable guards

ISO 14122-1, Safety of machinery — Permanent means of access to machinery — Part 1: Choice
of fixed means and general requirements of access

ISO 14122-2, Safety of machinery — Permanent means of access to machinery — Part 2:
Working platforms and walkways

ISO 14122-3, Safety of machinery — Permanent means of access to machinery — Part 3: Stairs,
stepladders and guard-rails

ISO 14122-4:2016, Safety of machinery — Permanent means of access to machinery — Part 4:
Fixed ladders

ISO 14567, Personal protective equipment for protection against falls from a height — Single-
point anchor devices

ISO 15534 (all parts), Ergonomic design for the safety of machinery

ISO 19353:2019, Safety of machinery — Fire prevention and fire protection

SO 20607, Safety of machinery — Instruction handbook — General drafting principles

N 353-1, Personal fall protection equipment — Guided type fall arresters including an anchor
line — Part 1: Guided type fall arresters including a rigid anchor line

N 353-4, Personal protective equipment against falls from a height — Part 2: Guided type fall
arresters including a flexible anchor line
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EN 1005 (all parts), Safety of machinery — Human physical performance

EN 12198 (all parts), Safety of machinery — Assessment and reduction of risks arising from
radiation emitted by machinery

N 12464-1, Light and lighting — Lighting of workplaces — Part 1: Indoor workplaces
EN 16165:2021, Determination of slip resistance of pedestrian surfaces — Methods of evaluation
CIE 97:2005, Guide on the maintenance of indoor electric lighting systems

ICAO Annex 14. 9th Edition, July 2022

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

e |EC Electropedia: available at https://www.electropedia.org/
e |SO Online browsing platform: available at https://www.iso.org/obp
3.1

hazard
potential source of harm

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

3.2

significant hazard

hazard which has been identified as relevant and which requires specific action by the designer
to eliminate or to reduce the risk according to the risk assessment

Note 1 to entry: A relevant hazard is identified as the result of one step of the process described in Clause 5.

[SOURCE: ISO 12100:2010, 3.8, modified — Note 1 to entry has been changed.]

3.3

risk

combination of the probability of occurrence of harm (physical injury or damage to health) and
the severity of that harm

[SOURCE: ISO 12100:2010, 3.12, modified — "(physical injury or damage to health)" has been
added.]

3.4
intended use
use of a machine in accordance with the information for use provided in the instructions

[SOURCE: ISO 12100:2010, 3.23]

3.5
protective measure
measure intended to achieve adequate risk reduction, implemented:
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e by the designer (inherently safe design, safeguarding and complementary protective
measures, information for use) and/or

e by the user (organization: safe working procedures, supervision, permit-to-work systems;
provision and use of additional safeguards; use of personal protective equipment; training)

[SOURCE: ISO 12100:2010, 3.19]

3.6

environment

surroundings in which a product or system exists, including air, water, land, natural resources,
flora, fauna, humans, and their interrelation

[SOURCE: IEC Guide 109:2012, 3.3]

3.7

environmental conditions

characteristics of the environment (wind, altitude, temperature, humidity, etc.) which may affect
the wind turbine behaviour

[SOURCE: IEC 61400-1:2019, 3.17]

3.8

external conditions

factors affecting operation of a wind turbine, including the environmental conditions
(temperature, snow, ice, etc.) and the electrical network conditions

[SOURCE: IEC 61400-1:2019, 3.18]

3.9

anchorage

for a personal protective equipment, structure or part of structure which can support load from
fall protection or rescue systems

3.10

anchor point

component or sub-system that functions as an interface between the anchorage and a fall
protection, work positioning, rope access or rescue system for the purpose of coupling the
system to the anchorage

Note 1 to entry: It can be intended or not intended to be removable.

3.1

limited free fall

limited distance that can be compared with "fall on the actual level" i.e., a trip or slip where
person is falling onto the surface/ground on which he or she was standing/walking ~ a fall at
same level

Note 1 to entry: "Limited free fall" distance is set to maximum 0,5 m.

3.12

fall protection

system (including all components) a worker/technician uses to provide protection from falling
and/or to safely arrest and mitigate the impact of a worker/technician’s fall if one occurs

Note 1 to entry: Examples of personal fall protection systems include personal fall arrest systems, positioning
systems and travel restraint systems.
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3.13

fall arrest

system used to arrest a worker/technician in a fall from a walking-working surface, consisting
of a body harness, anchorage and connector

Note 1 to entry: The means of connection can include a lanyard, deceleration device, lifeline, or a suitable
combination of these.

3.14

work positioning

system of equipment and connectors that, when used with a body harness or body belt, allows
a worker/technician to be supported on an elevated vertical surface, such as a wall or
windowsill, and work with both hands free

Note 1 to entry: Positioning systems also are called "positioning system devices" and "work-positioning equipment.”

3.15

fall/travel restraint

combination of an anchorage, anchor point, lanyard (or other means of connection) and body
support that a worker/technician uses to eliminate the possibility of a worker/technician going
over the edge of a walking-working surface

3.16

evacuation

in a wind turbine, process of leaving the wind turbine in an emergency situation, when persons
are able to use the predefined access route

Note 1 to entry: Successful evacuation will result in personnel being transferred to a place of safety.

3.17

escape

in a wind turbine, process of leaving the wind turbine in an emergency situation when the
persons are unable to use the predefined access route.

Note 1 to entry: Itis a last resort method of getting out of the wind turbine.

3.18

rescue

in a wind turbine, operation to retrieve an injured person out of the turbine or a person unable
to self-rescue to a place of safety

3.19

rescue equipment

in a wind turbine, system of equipment, anchorage and connectors that, when used with a body
harness, rescue harness or body belt, allows a worker/technician to be rescued by getting
descended from an elevated vertical surface, such as a machine, structure, etc.

3.20

place of safety

means an onshore or safe offshore location or vessel where medical treatment and other
facilities for the care of survivors are available

3.21

place of temporary safety

place where a person is not exposed to the fire or the fire effects (e.g., such as smoke or falling
objects)

Note 1 to entry: It can be a refuge inside the wind turbine or the sea.
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3.22

available safe egress time

ASET

amount of time from fire ignition to the development of untenable conditions

3.23

required safe egress time

RSET

amount of time, measured from fire ignition that required for the last person to evacuate to a
place of safety or place of temporary safety

3.24

control functions

functions of the control system that based on information about the condition of the wind turbine
and/or its environment, adjust the wind turbine in order to maintain it within the operating limits
defined by the wind turbine designer

3.25

control system

system implementing the wind turbine control, protection and safety functions, including
sensors, logic elements, actuators, communication networks and power supplies

Note 1 to entry: The intent of the control system is to control operation of the wind turbine by active and passive
means and keep the operating parameters within the design limits.

3.26

control station

location inside or outside the wind turbine where a control panel, a control device or
arrangement of control panels and control devices or other means to manually control the wind
turbine is located

3.27
design limits
maximum or minimum values used in a design

3.28

substructure

part of an offshore wind turbine support structure which transfers the loads acting on the
structure into the seabed

3.29

boat landing

area where access from the vessel takes place, i.e., the part of the access ladder where the
fender tubes are placed

3.30

performance level

PL

discrete level used to specify the ability of safety-related parts of control systems to perform a
safety function under foreseeable conditions

3.31
required performance level
PLg

performance level (PL) applied in order to achieve the required risk reduction for each safety
function

[SOURCE: ISO 13849-1:2015, 3.1.24] Documents
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3.32

restricted space

enclosed or partially enclosed space, not intended for continuous human occupancy that has a
restricted, limited, or impeded means of entry or exit because of its construction

Note 1 to entry: It can be thought of as a work area in which the only hazard is the difficulty of getting into or out of
the space. All other hazards are either non-existent or have been eliminated or controlled.

3.33

confined space

enclosed or partially enclosed space that is not designed or intended for continuous human
occupancy, with a restricted, limited, or impeded means of entry and exit because of its
construction, and which can become hazardous to a person entering it, due to either an
atmosphere that is or can be injurious (by oxygen deficiency or flammability, explosivity or
toxicity), or due to an activity which can produce adverse or harmful consequences

3.34

equipment

single apparatus or set of devices or apparatuses, or the set of main devices of an installation,
or all devices necessary to perform a specific task

3.35

safe state

condition of the wind turbine with an acceptable level of residual risks according to the risk
assessment

3.36

safety-related part of a control system

SRP/CS

part of a control system that responds to safety-related input signals and generates safety-
related output signals

[SOURCE: ISO 13849-1:2015, 3.1.1, modified — Notes to entry have been deleted]

3.37

safety functions

in wind turbine, functions of the control system whose failure can result in an immediate
increase of the risk(s)

3.38

safety integrity level

SIL

discrete level (one out of a possible three) for describing the capability to perform a safety
function where safety integrity level three has the highest level of safety integrity and safety
integrity level one has the lowest

[SOURCE: IEC 62061:2021, 3.2.24]

3.39
standstill
condition of a wind turbine that is stopped

[SOURCE: IEC 61400-1:2019, 3.54]

3.40
wind turbine
<wind turbine> generator system which converts the kinetic wind energy into electric energy
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[SOURCE: IEC 61400-1:2019, 3.71, modified — "generator system" has been deleted from the
term, generator has been added to "system" in the definition.]

3.41

rest platform

in wind turbines, horizontal platform, which allows more than one person to rest (standing and
sitting)

3.42

moveable rest landing

in wind turbines, small horizontal platform where a single person can rest (standing) with both
feet fully supported

3.43

service lift

machine with a fully enclosed load carrying unit including floor, walls, doors and roof which is
guided and intended for transport of persons and materials between different levels

4 Principal elements

4.1 General

The wind turbine shall be designed according to the principles in ISO 12100 for the significant
hazards as a minimum as identified in Annex A of the present document.

A wind turbine shall be designed and constructed so that it can be installed, operated, adjusted,
maintained and decommissioned in a safe way.

Identification of the essential health and safety requirements, their risk assessment and risk
reduction shall be done in accordance with ISO 12100.

The measures adopted to fulfil the essential health and safety requirements shall be applied
with the following principles in the order given:

e eliminate the risks;
o take the necessary protective measures in relation to risks that cannot be eliminated;

e inform users of the residual risks by means of signs or instructions.

This document shall be used together with the mentioned IEC and ISO standards in Clause 2.

The design of the wind turbine shall consider intended use and reasonably foreseeable misuse
during its lifecycle as defined in ISO 12100.

4.2 Significant hazards

The limitation of use for machinery as wind turbine shall be done as specified in
ISO 12100:2010, 5.3. An informative list of relevant factors for consideration when preparing
risk assessment specific for wind turbine can be found in Annex A.

4.3 Frequency of exposure

When deciding the frequency of exposure to a specific hazard in the wind turbine and
determining the required performance level or safety integrity level of a safety function,
ISO 12100:2010, Clause 5 shall be followed.

If the frequency is classified as high or low, ISO 13849-1:2015, A.2.2 can be used ﬁa guide. t
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For the estimation of the frequency for each single safety function, ISO 13849-1:2015, A.2.2
and IEC 62061:2021 can be used for guidance.

5 Control systems

5.1 General

The safety of the wind turbine shall be governed by a control system that meets the
requirements of IEC 61400-1:2019, Clause 8.

Whereas the scope of IEC 61400-1:2019, Clause 8 is limited to ensuring that the control system
provides an appropriate level of protection against structural failure of the turbine main
components, this document takes more account of personal safety aspects.

The emergency stop functions shall have priority over all other functions and operations in all
operating modes of the machine in accordance with ISO 13850.

The control, protection and safety functions shall be designed in such a way that safety is
retained in all operating modes. ISO 13849-1:2015, 5.1 items b), g) and i) or IEC 62061:2021,
5.2.3 can be used for guidance.

The control system shall be designed in such a way that:

e it can withstand all reasonably foreseeable operating conditions that can occur in a wind
turbine including internal and external conditions;

e its behaviour including faults and errors does not compromise safety, in accordance with
IEC 61400-1:2019, 8.4;

e reasonably foreseeable misuse does not lead to a hazardous situation.

5.2 Control devices

Any manual control device, e.g., Human Machine Interface (HMI), shall be clearly visible and
identifiable by appropriate marking in accordance with standards such as |[EC 60073. If there

are several control devices for manual intervention of a system, it shall not be possible to use
more than one at the same time for that system. This does not apply to emergency stop devices.
Further, it shall be possible to lock a device for use such that no other device can interfere or
even override the control (e.g., physical mode selector, software mode selector, pad lock
system, key switch).

It shall be possible to control operation of the wind turbine through a control device in the vicinity
of the main entrance to a wind turbine, e.g., at the tower bottom and in the nacelle for wind
turbines with access via helicopter.

5.3 Operating modes

A wind turbine control system shall have a number of well-defined operating modes
(manned/unmanned), for example:

e operation mode (unmanned): wind turbine is in power production, with no personnel present
in the wind turbine,

e maintenance mode (manned): wind turbine stopped for troubleshooting, maintenance, or
repairs,

e exception (manned during operation): extraordinary situations where it is necessary to be
present in the wind turbine for a short period of time and for a specific task.

The mode selection shall be governed by a selector, which can be effectively locked in each
position corresponding with a single mode. Documents

Document Sharing Hub

Full document details: PD IEC TS 61400-30:2023


https://doi.org/10.3403/00302726U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-ts-61400-30-2023
http://www.avadocuments.com/doc/pd-iec-ts-61400-30-2023

- 18 — IEC TS 61400-30:2023 © IEC 2023

None of these modes shall compromise the performance of the safety functions.

A wind turbine with automatic restart capability shall be provided with a means to locally disable
the automatic restart function of the wind turbine.

For manual, automatic and remote restart requirements, reference is made to
IEC 61400-1:2019, 8.7.

Certain operations may only be possible in certain modes. There shall be at least one mode
prohibiting remote control actions. While in this mode, it shall not be possible to:

e leave this mode automatically,

e leave this mode through input from an external operating position,

e control the turbine remotely.

Remote control may be possible if this is temporary granted by the personnel on site.

Measures shall be in place to inform personnel in case of external conditions, e.g., wind speed,
approaching the limit for safe maintenance.

5.4 Safety functions

The identification of safety functions shall be based on a risk assessment/risk reduction process
according to 1ISO 12100. A list of potential hazards relevant for wind turbines can be found in
Annex A.

The allocation of risk reduction to the control system of the wind turbine shall be done only
when risk elimination or reduction by inherently safe design measures are determined to be not
applicable /sufficient or not reasonably practicable.

If risk reduction depends on the control system, the design of safety-related parts of the control
system shall be in accordance with the |SO 13849 series and/or |EC 62061 and/or the

IEC 61508 series.

NOTE Guidance can be found in ISO/TR 22100-2.
5.5 Emergency stop

The emergency stop design and function shall comply with ISO 13850 and IEC 61400-1:2019,
8.6, giving guidance on e.g., emergency stop device availability, location, choice of stop
functionality and reset behaviour.

Based on the outcome of a risk assessment, it shall be specified which stop category (0 or 1)
is chosen. Further, any functionality required from the control system when the emergency stop
device is activated shall be clearly specified. This is particularly important when stop category 1
(controlled stop) is chosen. Guidance on choice of the categories can be found also in
IEC 60204-1:2016, 9.2.3.4.2.

The state of the wind turbine before and after the activation of the emergency stop function
shall be defined by the designer.

Additionally, the following requirements apply for a wind turbine:

e An emergency stop device shall be located:

— at each operator control station, except where the risk assessment indicates that this is
not necessary;
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— at other locations, as determined by the risk assessment, e.g., at nacelle, hub, tower
bottom, yaw access ladder, at interface between lift and platforms.

e Separately manoeuvred systems, for example service lifts, cranes and winches, shall have
their own emergency stop devices which shall only affect those systems.

Any system that will foreseeable be used for the safety of personnel shall not be affected; for
example, ventilation system, communication system, fire extinguishing system or lifts used for
personal transport (subject to risk assessment).

5.6 Failure of external power supply

For the event "failure of external power supply" during maintenance mode, a safe wind turbine
behaviour/reaction shall be ensured, considering all possible scenarios such as:

e power loss while working in the wind turbine,

e power is restored while working in the wind turbine,

e working in a wind turbine without power.

In case of a loss of external power supply, the control system shall set the wind turbine into a
safe state.

After return of external power supply, the wind turbine or the affected sub-system shall maintain
a safe state. Loss of external power supply can affect, for example, electrical, mechanical, or
hydraulic systems.

If safe state requires complete standstill of the rotor in case of failure of the external power
supply and is dependent on the mechanical brake, the brake shall be able to keep the rotor in
this position for the defined wind conditions for service for at least one hour after the brake is
applied in accordance with IEC 61400-1:2019, 8.8.

During periods of grid loss, it shall be possible to apply the brake by either an auxiliary power
supply or by manual operation.

NOTE 1 Considerations for emergency stops are provided by ISO 13850:2015, 4.1.1.2.

NOTE 2 Wind speed limits are assigned in accordance with the design load cases in IEC 61400-1:2019.
6 Isolation of energy sources

The design of the wind turbine shall enable safe and complete energy isolation of all hazardous
energy (any type of energy that, if released unexpectedly, can cause an injury or damage, e.g.
kinetic and potential such as mechanical, electrical, hydraulic and pneumatic energy).

The design shall ensure a safe application of an isolation sequence in accordance with the
requirements of ISO 12100 and ]SO 14118.

It shall be necessary in some energy isolation activities to also test and ensure de-energization
(try-out) as part of this sequence.

The wind turbine shall be provided with isolation devices (per type of energy) following the
following minimum requirements:

e minimum label for the isolation device: name and function (i.e., identification of the circuit
or system which it controls);

e be located as close as practicable to the circuit or equipment to be isolated;
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e be designed such that the individual responsible for switching of and locking off the energy
source is protected from contact with energized electrical components, arc flash hazards
and other energy hazard;

e be capable of being securely locked out individually; and be capable of accepting systems
to apply multiple locks.

The wind turbine designer shall develop energy isolation procedures per component, describing
the sequence of safe isolation indicating: the type of energy (kinetic and potential), the
magnitude, the isolation device and the location to verify de-energization.

The wind turbine shall be provided with systems for safe discharging of energy in storing
elements such as:

e hydraulic: pressure in lines,

e mechanical: springs,

e electric: capacitors.
7 Electrical systems

71 General requirements

All electrical components in the wind turbine shall be designed and constructed to enable safe
operation, in accordance with ISO 12100 and |[EC 61400-1..

These are some general requirements for the networks and electrical equipment installed on a
wind turbine:

o It shall be equipped with electrically coordinated automatic protective devices to interrupt
inadvertent releases of energy.
e |t shall be constructed or protected to prevent danger arising from:
— mechanical damage;
— the effects of weather, natural hazards, temperature, or pressure;
— the effects of wet, dirty, dusty, or corrosive conditions.

e All internal networks are fitted with suitable earthing arrangements, and there shall be a
process in place to check the earthing system periodically.

e All the electrical equipment shall have sufficient electrical rating to withstand short-circuits
taking into account the relevant fault level.

o All the electrical equipment shall have sufficient electrical rating taking into account the
generated current and voltage for the designed lifetime.

e The wind turbine shall have digital and/or printed electrical drawings easily accessible at
the site of work (e.g., tower entrance). Moreover, all electrical cabinets shall be properly
labelled to track the eventual design modifications and to enable identification of the specific
electrical drawing revision to be used.

e All electrical equipment shall be labelled to enable identification of individual circuits and
isolation devices.

e Enclosures containing power circuits with exposed live parts? shall provide a means of
isolation of energized circuits from outside the enclosures.

N

Enclosures are considered to have exposed live parts in cases where the level of ingress protection while opened
does not fulfil IP2X as defined by |JEC 60529. Alternative methods of classifying the presence o © i
parts may be used where suitable. m&eﬁments
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