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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS -

Part 1: Safety requirements

1) The IH omprising
all nafi promote
intern }ields. To
this € aration is
entrus with may
participate in this preparatory work i Y RENts iZatiofs liaising
with th 3 sely hjanization
for Sfandardization (1SO) the two
organjfzations.

2) The f sible, an
intern psentation
from 3

3) Thed the form
of sta se.

4) In ord mittees undertake to apply IEC International
Stand heir national and regional standards. Any
diverg ational or regional standard shall pe clearly
indical

5) The IE W ch ate Its approval and cannot be rendered responsible for any
equip N|

6) Attentjon i g 3 soma\of the elements of this International Standard may be the subject
of patgnt ri . € ibje for identifying any or all such patent rights.

Internat d : aS been prepared by IEC technical committee 88: Wind

turbine §

This seq 3 -1 cancels and replaces the first edition published in 1/994.

The tex based on the following documents:

FDIS Report on voting
88/98/CNIS 89/103/R\/D

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

Annexes A, B and C form an integral part of this standard.
Annex D is for information only.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

This International Standard outlines minimum safety requirements for wind turbine generator
systems and is not intended for use as a complete design specification or instruction manual.

Any of the requirements of this standard may be waived if it can be suitably demonstrated that
the safety of the system is not compromised. Nevertheless this waiver does not apply to
clause 6.

Complignce with this standard does not relieve any person, organization/ or cogporation from
the resgonsibility of observing other applicable regulations.

@%
8



https://iecnorm.com/api/?name=5e04aab5a501a2baabb44320e8b5dd74

61400-1 O IEC:1999(E) -7-

WIND TURBINE GENERATOR SYSTEMS -

Part 1: Safety requirements

1 Scope and object

This part of IEC 61400 deals with safety philosophy, quality assurance and engineering
integrity, and specifies requirements for the safety of Wind Turbine Generator Systems
(WTGS], Including design, Installation, maintenance, and operatigh under - 9pecified
environfnental conditions. Its purpose is to provide the appropriate leveNof protestion| against
damage from all hazards from these systems during their planned lifetiM

This st4
mechan
electricd

gilotection
and the

This std
clause 3.

tified in

2 Noifjmative references

The foll

his text,

constitu hdicated
were v s based
on this he most
recent ndicated below. Members of IEC and ISO maintain
register

IEC 60404-1:199 a : General

IEC 60[21-2=F4 nmental

IEC 61000-3-2:1998, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current <16 A per phase)

IEC 61000-3-3:1994, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage fluctuations and flicker in low-voltage supply systems for equipment with rated current
<16 A

IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test. Basic EMC publication

IEC 61000-4-3:1995, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
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IEC 61000-4-4:1995, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test. Basic EMC publication

IEC 61000-4-5:1995, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61024-1:1990, Protection of structures against lightning — Part 1: General principles

IEC 61312-1:1995, Protection against lightning electromagnetic impulse — Part 1: General
principles

|SO 23(‘/I-1 Q08 Capnpral npinninlac An raliahilifv, for ctriintiirac
T IJOOT Ot CTar P eI orIC SO T CHac ity 1o0—Sta aCtar €S

3 Terms and definitions

For the purpose of this International Standard, the following defk

3.1
annual @verage
mean v 3 G mate of
the exppcted value of the quantity. The averagi S mber of
years to| average out non-stationary effgcts su

3.2
annual dverage wind speed
wind speed averaged accordi

3.3
auto-reglosing cycle

event wjth a timeeri
breaker|release ’Q’

network

which a
d to the

3.4
blocking
use of 3
movemg 3 3 ce of\the rotor shaft or yaw mechanism

prevent

3.5
brake (wind'turbine
device qapable of reducing the rotor speed or stopping rotation

3.6

catastrophic failure (wind turbines)

disintegration or collapse of a component or structure, that results in loss of vital function which
impairs safety

3.7

characteristic value (of a material property)

value having a prescribed probability of not being attained in a hypothetical unlimited test
series
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3.8

complex terrain

surrounding terrain that features significant variations in topography and terrain obstacles that
may cause flow distortion

3.9

control system (wind turbines)

subsystem that receives information about the condition of the wind turbine and/or its
environment and adjusts the turbine in order to maintain it within its operating limits

3.10

cut-in wjnd speed ( Vi)
lowest mean wind speed at hub-height at which the wind turbine starts A6\ produce(power (see
3.24, hyb-height)

3.11
cut-out wind speed ( Vout)
highest mean wind speed at hub-height at which the wind ty
(see 3.24, hub-height)

d\to produge power

3.12
design ljmits
maximum or minimum values used in 2

3.13
dorman

failure o d during normal operation

3.14
downwi
in the di

3.15

electricd
particular inst i ; ati ines or cables for the transmission and distrigution of
electrici

NOTE - yndagi e different parts of this network are defined by appropriate criteria,| such as
geograph(s

3.16
emergency shutdowl’ (wind turbines)
rapid shiutdown of the wind turbine triggered by a protection system or by manual intervention

3.17

environmental conditions

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

3.18

external conditions (wind turbines)

factors affecting operation of a wind turbine, including the wind regime, the electrical network
conditions, and other climatic factors (temperature, snow, ice, etc.)
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3.19

extreme wind speed

highest average wind speed, averaged over t s, that is likely to be experienced within a
specified time period of N years ("recurrence period”: N years)

NOTE - In this standard recurrence periods of N = 50 years and N = 1 year and averaging time intervals of t =3 s

and t = 10 min are used. In popular language, the less precise term "survival wind speed" is often used. In this
standard, however, the turbine is designed using extreme wind speeds for design load cases.

3.20
fail-safe
design property of an item which prevents its failures from resulting in critical faults

3.21
gust
temporgry change in the wind speed

NOTE — A gust may be characterized by its rise-time, its magnitude and its du

3.22
horizonfal axis wind turbine
wind turpine whose rotor axis is substantially parallel

3.23
hub (wifd turbines)
fixture fpr attaching the blades or blade

3.24
hub-height (wind turbines)
height df the centre of thé
3.55, swept area)

Ice (see

3.25

idling (wind turbi

conditio

3.26

inertial

frequen Dtropy —
undergdss

NOTE — A

3.27

isolatedoperation
stable and temporary operation of a discrete part of a power system after network splitting

3.28

limit state

state of a structure and the loads acting upon it, beyond which the structure no longer satisfies
the design requirement (ISO 2394)

NOTE - The purpose of design calculations (i.e. the design requirement for the limit state) is to keep the probability
of a limit state being reached below a certain value prescribed for the type of structure in question (ISO 2394).

3.29
logarithmic wind shear law
see wind profile
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3.30
maximum power (wind turbines)
highest level of net electrical power delivered by a wind turbine in normal operation

3.31

mean wind speed

statistical mean of the instantaneous value of the wind speed averaged over a given time
period which can vary from a few seconds to many years

3.32

nacelle
housing which contains the drive-train and other elements on top of a harizontal axis wind
turbine fower

3.33
network| connection point (wind turbines)
cable terminals of a single wind turbine or, for a wind power stay
electrical bus of the site power collection system

iht to the

3.34
normal $hutdown (wind turbines)

shutdown in which all stages are under the control of co

3.35
operating limits
set of cpnditions defined by the WTG
protectipn system

govern the activation of the corftrol and

3.36
parked yind turbine
dependirg on the constru
stand-still or an i

bine, parked refers to the turbine being either in a

3.37

power ¢
electric ncludes
all elecfrical<g < hnection
point

pllection $

3.38
power law for wing
see wing profile

3.39
power output
power delivered by a device in a specific form and for a specific purpose

NOTE (wind turbines) — The electric power delivered by a WTGS.

3.40
protection system (wind turbine)
system which ensures that a WTGS remains within the design limits


https://iecnorm.com/api/?name=5e04aab5a501a2baabb44320e8b5dd74

12— 61400-1 © IEC:1999(E)

3.41
rated power

guantity of power assigned, generally by a manufacturer, for a specified operating condition of

a component, device or equipment

NOTE (wind turbines) — Maximum continuous electrical power output which a WTGS is designed to achieve under

normal operating conditions.

3.42
rated wind speed ( V)
specified wind speed at which a wind turbine's rated power is achieved

3.43
Rayleigh distribution
probability distribution function, see 3.66 (wind speed distribution)

3.44
referendge wind speed ( Vjef)
basic parameter for wind speed used for defining WTGS cla
parameters are derived from the reference wind speed
parameters (see clause 6)
NOTE — A turbine designed for a WTGS class with a reference{win

for which|the extreme 10 min average wind speed with a
lower tham or equal to V,¢s.

3.45
resonarnce
phenom
very cloge to that of free gs

3.46

rotationglly sampled wind velogi
wind velocity ex e@. fi

NOTE - [The turbulence
turbulenc (T
resulting
of the sarj

e rotating wind turbine rotor

3.47
rotor sp
rotation urbine rotor about its axis

3.48

sampled wind velocity is distinctly different from t

climatic

S class

climates
-height is

lation is

e normal
bfore, the
armonics

roughnéss-ength

extrapolated height at which the mean wind speed becomes zero if the vertical wind profile is

assumed to have a logarithmic variation with height

3.49
safe life
prescribed service life with a declared probability of catastrophic failure

3.50
scheduled maintenance

preventive maintenance carried out in accordance with an established time schedule

3.51
serviceability limit state

limit state which corresponds with criteria governing function related normal use (ISO 2394)
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3.52
standstill
condition of a WTGS that is stopped

3.53
support structure (wind turbines)
part of a wind turbine comprising the tower and foundation

3.54
survival wind speed
popular name for the maximum wind speed that a construction is designed to withstand

NOTE - ln_this standard the p\(prpccinn is not used npcign conditions instead refer to—extreme wind speed

(see 3.19).

3.55
swept afea
projecteld area perpendicular to the wind direction that a rotor wij S ing one domplete
rotation

3.56
turbulerce intensity

ratio of the wind speed standard deviation to the
set of measured data samples of wind speed, a

t€rmined from thhe same
ified period of time

3.57
turbulerice scale parameter

wave lepgth where the non-dimensiona D,05

NOTE - Tlhe wave length is thu

3.58

ultimate] limit state
limit stafes Whic

3.59

unsched
mainten
receptio

ut after

3.60
upwind
in the di

rection"oppeasie to the main wind vector

3.61
vertical axis wind turbine
wind turbine whose rotor axis is vertical

3.62
Weibull distribution
probability distribution function, see 3.66 (wind speed distribution)

3.63
wind farm
see 3.64 (wind power station)

3.64
wind power station
group or groups of wind turbine generators, commonly called a wind farm
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3.65
wind profile — wind shear law
mathematical expression for assumed wind speed variation with height above ground

NOTE — Commonly used profiles are the logarithmic profile (1) or the power law profile (2).

In(z/zy)
In(z,/zy)

V(2) =V(z) % Efg o)

V(2)=V(z,) x (1)

where

V(2) is|the wind speed at height z
V4 is|the height above ground

Zr is|a reference height above ground used for fitting the profile
20 is|the roughness length

a is|the wind shear (or power law) exponent

3.66
wind spged distribution

probability distribution function, used to descrip
extendeld period of time

NOTE - (

thedistributien of” wind speeds pver an

ipull Py(V,), functions.

(3)

(4)

where

P(Vy) i

Vo i

Vave s the-average yalue of V

C is.thie scale parameter of the Weibull function
k is the shape parameter of the Weibull function
r is the gamma function

Both C and k can be evaluated from real data. The Rayleigh function is identical to the Weibull
function if k= 2 is chosen and C and Vj,ye satisfy the condition stated in equation (4) for k = 2.

The distribution functions express the cumulative probability that the wind speed is lower than
Vo. Thus (P(V71) — P(V5)), if evaluated between the specified limits V4 and V5, will indicate the
fraction of time that the wind speed is within these limits. Differentiating the distribution
functions yields the corresponding probability density functions.
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3.67
wind shear
variation of wind speed across a plane perpendicular to the wind direction

3.68
wind shear exponent
also commonly known as power law exponent, see 3.65 (wind profile — wind shear law)

3.69
wind speed
at a specified point in space the wind speed is the speed of motion of a minute amou

nt of air

surrounfling the specified point

NOTE - Tlhe wind speed is also the magnitude of the local wind velocity (vector) (see

3.70
wind turnpbine generator system (WTGS)
system which converts kinetic energy in the wind into electrical ex

3.71
wind velocity

vector pointing in the direction of motion of a mi
consideration, the magnitude of the wvs i
"parcel”|(i.e. the local wind speed)

NOTE — The vector at any point is thus the timed b vegtor of the air "parcel” movir]
the point.

drrounding the
peed of motion of

3.72
WTGS ¢lectrical system
all electrical equipme p to and including the WTGS t¢
including equipment fo ANg 9 munications. Conductors local to thé
which gre inten t S acth\termination network specifically for the WT
included @

3.73

point or
power ¢
commu

3.74
yawing

point of
this air

g through

rminals,
e WTGS
GS are

d to the
rgy and

rotation|of\the rotor axis about a vertical axis (for horizontal axis wind turbines only)

3.75
yaw misalignment
horizontal deviation of the wind turbine rotor axis from the wind direction
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4 Symbols and abbreviated terms

4.1 Symbols and units

slope parameter for turbulence standard deviation model
scale parameter of the Weibull distribution function
coherency function

rotor diameter

frequency

design value for material strength

characteristic value Tor material strengtn
design value for loads
characteristic value for loads

characteristic value of hub-height turbulence inten mi
average wind speed of 15 m/s

shape parameter of the Weibull distribution functi
modified Bessel function
isotropic turbulence integral scale paramete

coherency scale parameter

velocity component integral stale para

as_a of the stress (or strain)
istie”S-N curve)

recurrence perioo X ithiations

is the number of cycles to fajlure
indicated by the apgumeny (i.e. \the

survival proba

Rayleig
Weibull pr6b

wid speed

wind speed at height z
annual average wind speed at hub-height
extreme coherent gust magnitude over the whole rotor swept area

expected extreme wind speed (averaged over 3 s), with a recurrence time
interval of N years. Vg1 and Vg5q for 1 year and 50 years, respectively

largest gust magnitude with an expected recurrence period of N years.
wind speed at hub-height averaged over 10 min

cut-in wind speed

limit wind speed in wind speed distribution model

cut-out wind speed

rated wind speed

-]

[m/s]

[m/s]
[m/s]
[m/s]
[m/s]

[m/s]
[m/s]
[m/s]
[m/s]
[m/s]
[m/s]
[m/s]
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DLC
ECD
ECG
EDC
EOG
EWM
EWS

HAWT

NWP
NTM

reference wind speed averaged over 10 min

longitudinal wind velocity component to describe transient horizontal wind
shear

longitudinal wind velocity component to describe transient variation for
extreme gust and shear conditions

coordinate system used for the wind field description; along wind
(longitudinal), across wind (lateral) and height respectively

hub-height of the wind turbine
reference height above ground
roughness length for the logarithmic wind profile

wind shear power law exponent

parameter for extreme direction change model
coefficient of variation

gamma function

partial safety factor for loads

partial safety factor for materials

partial safety factor for consequences of failure

wind direction change transien

Design loag case
Extreme coherent gust with direction change

Extreme coherent gust
Extreme wind direction change
Extreme operating gust
Extreme wind speed model
Extreme wind shear

Fatigue

Horizontal axis wind turbine
Normal and extreme (for partial safety factors)
Normal wind profile model
Normal turbulence model
Special IEC WTGS class

[m/s]
[m/s]
[m/s]

[m]
[m]
[m]
[m]

-]

-]
-]
-]
-]
-]
[°]
[°]
[°]
[m]

[m/s]

[m/s]
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T Transport and erection (for partial safety factors)
U Ultimate

VAWT Vertical axis wind turbine

WTGS Wind turbine generator system(s)

5 Principal elements

5.1 General

The engineering and technical requirements to ensure the safety of the structural, mechanical,
electrlcal and control systems of the WTGS are glven in the foIIowmg clauses This

Hs. This
bulence
defined
shall be
in this

increase confidence in predicte@l design
situations.

agle by calculation and/or by testinp. If test
ditions during the test shall be shown to
atiohs defined in this standard. The sele¢ction of
ke account of the relevant safety factorg.

injury or

by local
and the

Partial sarety T1actors, 1or normal sarety Cclass W IS, are specitied In 7.6 ot this Standard.

Partial safety factors for special safety class WTGS shall be agreed between the manufacturer
and the customer. A WTGS designed according to the special safety class is a WTGS class S
turbine as defined in 6.2.

5.4 Quality assurance

Quality assurance shall be an integral part of the design, procurement, manufacture,
installation, operation and maintenance of the WTGS and all their components.

It is recommended that the quality system complies with the requirements of the relevant 1SO
publications (see bibliography in annex D).
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5.5 Wind turbine markings

The following information shall be as a minimum, prominently and legibly displayed on the
indelibly marked turbine nameplate:

— WTGS manufacturer and country;

— model and serial number;

— production yeatr;

— rated power;

— reference wind speed, Vies;

— hub-height operating wind speed range, Viy — Vg..

— opelfating ambient temperature range;
— |IECWTGS class (see table 1);
— rated voltage at the WTGS terminals;

— fregliency at the WTGS terminals or frequency range in the ariation

is greater than 2 %.

6 External conditions

6.1 Gegneral

The ext ed in the design of a WTGS.

WTGS ar ditions which may affect their loading,

durabili% and operation. i evel of safety and reliability, the

environmental, electrical &nd : all be taken into account in the dedign and
‘ FPR

shall be|explicitly stated in

The enJironmentaihconditions gre ivided into wind conditions and other environmental
conditiops. The @ -. i e network conditions. Soil properties are [relevant
to the design of WY

Each ty Y be subdivided into a normal and an extreme [external
conditiop. \ onditions generally concern long-term structural loading and
operatin iti ile the €xtreme external conditions represent the rare but pqtentially
critical S} ditions. The design load cases shall consist of a combination of
these e h wind turbine operational modes.

Wind o ar” the primary external consideration for structural integrity} Other
environfental conditions also affect design features such as control system function,
durability, corrosion, etc.

The normal and extreme conditions which are to be considered in design according to WTGS
classes are prescribed in the following subclauses.

6.2 WTGS classes

The external conditions to be considered in design are dependent on the intended site or site
type for a WTGS installation. WTGS classes are defined in terms of wind speed and turbulence
parameters. The intention of the classes is to cover most applications. The values of wind
speed and turbulence parameters are intended to represent the characteristic values of many
different sites and do not give a precise representation of any specific site, see clause 11. The
goal is to achieve WTGS classification with clearly varying robustness governed by the wind
speed and turbulence parameters. Table 1 specifies the basic parameters which define the
WTGS classes.
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In cases where a special design (e.g. special wind conditions or other external conditions or a
special safety class, see 5.3) is necessary, a further WTGS class, class S, is defined. The
design values for the WTGS class S shall be chosen by the designer and specified in the
design documentation. For such special designs, the values chosen for the design conditions
shall reflect a more severe environment than anticipated for the use of the WTGS.

The particular external conditions of offshore installations require WTGS class S design.

Table 1 — Basic parameters for WTGS classes

WTGS class [ I 1 v s
Ve (mls) 50 42,5 37,5 30
Ve  (m/s) 10 8,5 7,5 6
A Is () 0,18 0,18 0,18
a(-) 2 2 2
B Is (=) 0,16 0,16 0,16
a(-) 3 3 3

where
the values apply at hub-height, and
A dgsignates the category for higherxturbulen

B dq
I15 is
a is

In additjon to these basig eve impoxtant further parameters are required to
specify lcompletely the, ext iINWTGS design. In the case of th%) WTGS
classes|lp through IV ndard WTGS classes, the values ¢f these

additionfl paramejrs 3

The degign lifetim ¢
For the { er shall in the design documentation describe thg models
used ar sign parameters. Where the models in clause 6 are adopted,

stateme parameters will be sufficient. The design documentation of
WTGS « information listed in annex A.

The abbreviatigns added”in parentheses in the subclause headings in the remaindef of this
clause § Qr describing the wind conditions for the design load cases defined in [.4.

6.3 Wind conditions

A WTGS shall be designed to withstand safely the wind conditions defined by the selected
WTGS class.

The design values of the wind conditions shall be clearly specified in the design
documentation.

The wind regime for load and safety considerations is divided into the normal wind conditions
which will occur frequently during normal operation of a WTGS, and the extreme wind
conditions which are defined as having a 1 year or 50 year recurrence period.

In all cases the influence of an inclination of mean flow with respect to the horizontal plane of
up to 8° shall be considered. The flow inclination angle may be assumed to be invariant with
height.
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6.3.1 Normal wind conditions
6.3.1.1 Wind speed distribution

The wind speed distribution at the site is significant for the WTGS design because it
determines the frequency of occurrence of the individual load conditions. In case of the
standard WTGS classes, the mean value of the wind speed over a time period of 10 min shall
be assumed to be Rayleigh distributed for the purposes of design load calculations. In this
case, the probability distribution at hub-height is given by:

Pr (Vhup) =1 — exp E_H(thblzvave)zg (5)

6.3.1.2 | The normal wind profile model (NWP)

The wind profile V(z) denotes the average wind speed as a ove the
ground.| In the case of standard WTGS classes, the norma Shall be
assumef to be given by the power law:

V(@) = Viub (216 (6)

The pov

The ass al wind shear across the rotor

swept af

6.3.1.3

The exf i stic variations in the wind velocity from the
10 min include the effects of varying wind speed/ varying
directiop, and rotation ohQg. theystandard WTGS classes, the power |spectral
densitiep of the ind ¢ ity Ve | or not,
shall safisfy the foNOw

a) The velocity
com

(7)

Val eviation

01 & of wind
spee

1) To perform the calculations of load cases in addition to those specified in table 2, it may be appropriate to use
different percentile values. Such percentile values shall be determined by adding a value to equation 7 given by:

Ao, =(x-1)(2m/s)5

where x is determined from the normal probability distribution function. For example, x = 1,64 for a 95t
percentile value.
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The standard deviation is assumed to be invariant with height.

6,0

60

W

50

4,0

A/ 50 \\

74

3,0

40 +
\ »
30

Yy

2,0 ///

20

Standard deviation, g, (m/s)

10'/
0

1,

Turbulence intensity, g,/ Vi, (%)

10 20 30 40

Wind speed, V., (M/s) 0
IEC 001/99 C 002/99
b) Tow y of the
long rm:
(8)
The
9

Specificlations f

o@ch
annex B. In ann

description of the

demons
sufficie

6.3.2

odels which satisfy these requirements are [given in
erministic model which is based on a stpchastic

This deterministic model may be used when it can be
fe response to rotationally sampled wind velocity is

ynditions are used to determine extreme wind loads on WTGS. These

conditiohs includepe bed and

hat only
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6.3.2.1 Extreme wind speed model (EWM)

The 50 year extreme wind speed Vg5 and the one year extreme wind speed Vq1 shall be based
on the reference wind speed V,q;. For WTGS designs in the standard WTGS classes, Vesg and
Ve1 shall be computed as a function of height z using the following equations:

Veso (214 Vigg (Z2,9)" (10)
Ve1(2)=0,75 Vesg (2) (11)
where zp,p, is the hub-height 2).

Short_t rm doviatinone fram tho moan vwind diractinn Af 1160 coh
e vyt oSO e eat— o e e e o B —=o—5t

6.3.2.2 | Extreme operating gust (EOG)

The huR-height gust magnitude Vyysty for a recurrence period of ?for the

standargdl WTGS classes by the following relationship:

]

V, =80 12
gustN B Bl"'ov (12)
where
o1 s the standard deviation, accordinyg
/\1 is the turbulence scale parameter, a
D is the rotor diameter;
B =4|8for N=1; and
B =6|4 for N=50.
The wind speed@ e period of N years by the equation:
(1 - cos (2nt/T)) for 0 <t<T
V(z, (13)
for t<Oand t>T
where
V(z2) is
T =
T =

As an example, the extreme operating gust with a recurrence period of one year, tuibulence
category A, rotor diameter 42 m, hub height 30 m and V},p = 25 m/s is shown in figure 2:

2) NOTE - Local structural engineering codes may prescribe a variation of wind speed or dynamic pressure with
height which is slightly different from that which results from the relation given above.
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40

Y

€ 3 / AN

z_ 30 A\

- /

£ 2

S 15

W o 4 g 4 o 3 4 5 g 7 3 12
Time, t (s)

3/99

The par aximum

rise ratdg.

6.3.2.3

The extreme direction change magnit shall be

calculatgd using the following relationshij

(14)

Joooo

The extfeme direction change transient for a recurrence period of N years, 6p(t),shall be given
by:

) for t<0
On () =D56ey (L- cos(mt/T) for 0<ts<T (15)
EbeN for t>T

where T = 6 s is the duration of the extreme direction change transient. The sign shall be
chosen so that the worst transient loading occurs. At the end of the direction change transient
the direction is assumed to remain unchanged. The wind speed is assumed to follow the
normal wind profile of 6.3.1.2, the normal wind profile model (NWP).

As an example, the extreme direction change with a recurrence period of 50 years, turbulence
category A, rotor diameter 42 m, hub height 30 m and V},up = 25 m/s is shown in figure 3.
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0y
§ 200 = 50
g g —
100 ] 40
% =g
%o \\ g 8 30 /
- O ©
g 0 g = /
= R S < 20
S -100 g2 /
I -200 Q 0
0O 10 20 30 40 - 0 10
Wind speed, Vi, (M/S)
IEC 004/99 EC  005/99
Figure 3|- Example of extreme direction change i 2 & di fon clhange
maghitude ( N =50, category A, D=42 m,
Zyyp = 30 M)
6.3.2.4 | Extreme coherent gust (ECG)
For WTGS designs for the standapd with a
maghnitude of:
shall belassumed. The wi relations:
fort<0
forO<t<T (16)
fort>T
where T = 10 s {s the\i ime (2) the wind speed given in 6.3.1.2. The nornpal wind
profile model ecified in equation (6) shall be used. The extreme ¢oherent
gust is ijlustrated i
w5
E N
40
= —
< 30
D 20
[}
o
» 10
©
£
= 0
-2 0 2 4 6 8 10 12 14
Time, t (S)

IEC 006/99

Figure 5 — Extreme coherent gust ( Vhyp = 25 m/s) (ECG)
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6.3.2.5 Extreme coherent gust with direction change (ECD)

In this case, the rise in wind speed (described by ECG, see figure 5) shall be assumed to occur

simultaneously with the direction change 8.4, where 84 is defined by the relations:

51;80" for Vyup <4m/s
Bcqg Vhup) = ° 17
cg (Vhub) = 0720° m/s for 4m/s<Viyp < Viet (a7
Vhub
The simultaneous direction change is then given by:
510 fort<Q
0 ()= 0,56.4 (1-cos(mt/T)) forO<t<T (18)
%tecg fort>T

where 7= 10 s is the rise time.
The normal wind profile model as specified in equation (6)
The dirgction change, 6¢g, as a function of Vy,p and(as e for Vhyp = 2b m/s is
shown in figures 6 and 7, respectively.

4 200

3 S

K

B 150 /

D

&

[

¢ 100

&

e

P

e

@ 50

3 /

3 o

Q@ o 0O 2 4 6 8 1p 12

Time, t (S)
IEC 007/99
IHC 008/99
Figufe 6 <~ The ion change for ECD Figure 7 — Time development of direction
change for Vjyp = 25 m/s
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6.3.2.6

Extreme wind shear (EWS)

_27_

The extreme wind shear with a recurrence period of 50 years shall be accounted for using the
following two wind speed transients:

U /4
z D
E/hub %TE} + BZH 5+0,2 oy %E\
hub obO 1
V(y.z)F O
|
z
b %E}
H hub
where
a =0[2;8=6,4,T=12s;
/\1 is the turbulence scale parameter,
D s the rotor diameter.

for transient vertical shear:

(19)

0 - 14
Op 02 o +F 2w 5,000 Do —cos P foro<r<T
hub H 1
H ™ H2hub 0o D O 1 ﬁ orT
V(zt)=0O
O 0 z
E/hub =, fort<Qandt>T
= B |9 | @

for tfansient horizontal shear:

(20)

and

e ANANE 40
L4 N HOYE ~ 35 TN
L, N N4 N 30
sho | S IUR > 25 | T
E 0,8 \N ) § 20
o6 | (X & 15 = o
O,4 \ \>< P E 10 -
0, & = s
o RS \ 0
\ 1 20 30 40 -2 0 2 4 6 8 101314
peed, V(z,t) (m/s) Time, t (S)
...... forr=0, Tor t=T172 rotortop; rotor-botto
IEC 009/99

Figure 8 — Extreme vertical wind shear, wind
profile before onset ( t = 0, dashed line) and
at maximum shear ( t = 6 s, full line)

(N =50, turbulence category A, Zpyp = 30 m,
Vihup = 25 m/s, D= 42 m)

IEC 010/99

Figure 9 — Wind speeds at rotor top and
bottom respectively illustrate the time
development of wind shear (assumptions as

in figure 8)
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The sign for the horizontal wind shear transient shall be chosen so that the worst transient
loading occurs. The two extreme wind shears are considered independently from each other
and are therefore not applied simultaneously. As an example the 50 year extreme vertical wind
shear is illustrated in figure 8 which shows the wind profiles before onset of the extreme event
(t=0 s) and at maximum shear (t = 6 s) and figure 9 shows the wind speeds at the top and the
bottom of the rotor to illustrate the time development of the shear. In both figures, turbulence
category A and Vhyp = 25 m/s, zhyp = 30 m, rotor diameter D = 42 m are assumed.

6.4 Other environmental conditions

Environmental (climatic) conditions other than wind can affect the integrity and safety of the
WTGS, by thermal, photochemical, corrosive, mechanical, electrical or other physical action.

Moreovér, combinations of the climaiic parameters given may increase thejr efiect.

At least|the following other environmental conditions shall be taken i

taken s

An offshore envirgam i BCi ditional consideration.
The climatic cond:o iq 2l be defined in terms of representative valu
the limit i

conditio

Variatio
return p

Unless
combing

6.4.1

temperature;
humjdity;

air d
sola
rain,
chen
mec
light
eart
salin

ted in the design documentation:

ensity;

[ radiation;
hail, snow and ice;
hically active substances;
hanically active particles;
ning;
hquakes;
ity.

& probability of simultaneous occurrence of the
hen the design values are selected.

Other normal environmental conditions

The other normal environmental condition values which shall be taken into account are:

normal system operation ambient temperature range of —10 °C to +40 °C;

relative humidity of up to 95 %;

atmospheric content equivalent to that of a non-polluted

IEC

60721-2-1);

solar radiation intensity of 1 000 W/m?;

air d

ensity of 1,225 kg/m®.

e action

Ps or by
climatic

ne year

shall be

inland atmosphere (see

When additional external condition parameters are specified by the designer, these parameters
and their values shall be stated in the design documentation and shall conform to the
requirements of IEC 60721-2-1.
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6.4.2 Other extreme environmental conditions

Other extreme environmental conditions which shall be considered for WTGS design are
temperature, lightning, ice and earthquakes.

6.4.2.1 Temperature

The design values for the extreme temperature range shall be at least —20 °C to +50 °C for the
standard WTGS classes.

6.4.2.2 Lightning

The propt yBe—€ons tteredt-as—ad et for wind

turbined in the standard WTGS classes.

6.4.2.3 | Ice

No minifjnum ice requirements are given for the standard WTGS

6.4.2.4 | Earthquakes

No minimum earthquake requirements are given for

6.5 Electrical power network conditig

The normal conditions at the WTGS ter Ww.

Normal electrical power network conditions Y : thin the
ranges $tated below.

— Voltage

Nontinal value £10
— Fredquency Q

Nominal value %

— Voltage imbal

The
com

— Outay

Electri ] outages shall be assumed to occur 20 times per year. The maximum
outage duration fop’which the turbine shall be designed shall be at least one week.

ance

equence component of voltage to the positive-s¢quence

7 Structural design

7.1 General

Wind turbine structural design shall be based on verification of the structural integrity of the
load-carrying components. The ultimate and fatigue strength of structural members shall be
verified by calculations and/or tests to demonstrate the structural integrity of a WTGS with the
appropriate safety level.

The structural analysis shall be based on ISO 2394.

An acceptable safety level shall be ascertained and verified by calculations and/or tests to
demonstrate that the design loading will not exceed the relevant design resistance.
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Calculations shall be performed using appropriate methods. Descriptions of the calculation
methods shall be provided in the design documentation. The descriptions shall include
evidence of the validity of the calculation methods or references to suitable verification studies.
The load level in any test shall reflect the factors of safety in the corresponding calculation.

7.2 Design methodology

It shall be verified that limit states are not exceeded for the wind turbine design. Model testing
and prototype tests may also be used as a substitute for calculation to verify the structural
design, as specified in ISO 2394.3)

7.3 Loads

Loads described in 7.3.1 through 7.3.4 shall be considered for the desigp~galculations-

7.3.1 |nertial and gravitational loads

Inertial pnd gravitational loads are static and dynamic loads & ng from

vibration, rotation, gravity and seismic activity.

7.3.2 RAerodynamic loads

Aerodyrlamic loads are static and dynamic load by the airflow|and its

interactifon with the stationary and movip

The airflow is dependent upon the rotational spee e average wind speed across
the rotof plane, the turbulence, the de d the aerodynamic shapes of the wind
turbine gomponents and their interactiv aeroelastic effects.

7.3.3 Pperational loads

Operatipnal loads result f ' i s being
in severl catego - 3| of’rotor speed such as torque control by pitching of
i i gy Ihclude drive train mechanical braking and fransient

blades ¢r other agrod
loads, ¢ €
yawing

7.3.4
Other Ig5 nd shall
be inclu

3) I1SO 2B94\defines the ultimate and serviceability limit states as follows: A state of a structure and |the loads
acting upon it, beyond which the structure no Tonger satisfies the design requirement. The purpose of design
calculations is to keep the probability of a limit state being reached below a certain value prescribed for the type
of structure in question.

For example, Ultimate limit states correspond to:
« loss of equilibrium of the structure, or of a part of the structure, considered as a rigid body (e.g. overturning);

« rupture of critical sections of the structure caused by exceeding the ultimate strength (in some cases
reduced by repeated loading) or the ultimate deformation of the material;

« transformation of the structure into a mechanism (collapse), loss of stability (buckling, etc.).

For example, Serviceability limit states correspond to:

« deformations which affect the efficient use or appearance of structural or non-structural elements;

« excessive vibrations producing discomfort or affecting non-structural elements or equipment (especially if
resonance occurs);

* local damage (including cracking) which reduces the durability of a structure or affects the efficiency or
appearance of structural or non-structural elements.

To control serviceability limit states by design it is often necessary to use one or more constraints which
describe acceptable deformations, accelerations, crack widths, etc.
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7.4 Design situations and load cases

This subclause describes the construction of design load cases of WTGS and specifies a
minimum number to be considered.

For design purposes, the life of a WTGS can be represented by a set of design situations
covering the most significant conditions which the WTGS may experience.

The load cases shall be determined from the combination of specific assembly, erection,
maintenance, and operational modes or design situations with the external conditions. All
relevant load cases with a reasonable probability of occurrence shall be considered, together
with the behaviour of the control and protection system.

Generally the design load cases used to determine the structural integrit\\ of GS|[may be
calculatgd from the following combinations:

- nor:l:al design situations and normal external conditions;
— nornpal design situations and extreme external conditions;
— faultfdesign situations and appropriate external conditiof

— trangportation, installation and maintenance desigs si ' \e appropriate [external

conditions.

If any c realistic
combinati

Within [ [ i [ es shall be considered to verify the
structur i e 2 shall
be consjdered. In that tabl ifi i i ion by the
description of the wind, elegctri

Other design load_ca specific

WTGS dglesign.

For eac e type of analysis is stated by “F” and “U” in tgble 2. F

refers tdg ) S used in the assessment of fatigue strength. U fefers to
the ana sads\suchas analysis of exceeding the maximum material gtrength,
analysig i i

The deg i iohsNndicated with U, are classified as normal (N), abnormal (A), or tfansport
and ere[ti . design situations are expected to occur frequently within the| lifetime

of a tufbiner \The_turbine is in a normal state or may have experienced minor flaults or
abnormalities” Abnorfmal design situations are less likely to occur. They usually corregpond to
design kitwations with more severe faults like protection system faults The type of design
situation, N, A, or T, determines the partial safety factor y to be applied to the ultimate loads.
These factors are given in tables 3 and 4 in 7.6.

When a wind speed range is indicated in table 2, wind speeds leading to the most adverse
condition for WTGS design shall be considered. The range may be divided into a number of
bins; an appropriate fraction of the WTGS life shall be allocated to each bin. In the definition of
the design load cases, reference is made to the wind conditions described in clause 6.
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Table 2 — Design load cases

61400-1 © IEC:1999(E)

Design situation DLC Wind condition* Other conditions Type of Partial
analysis safety
factors
1) Power production 1.1 NTM Vihub = V; or Vg U N
1.2 NTM Vin < Vhub < Vout F *
1.3 ECD thb = Vr U N
1.4 NWP  Viup = Vior Vot External electrical fault U
1.5 EOG; Vhup = Vior Vot Loss of electrical U N
connection
1.6 EOGs50 Vhup = Vi Or Vou N
1.7 EWS  Vyup = Vior Vou N
1.8 EDCsy Vhup = Vi Or Vo N
1.9 ECG thb = Vr N
2) Powef production 2.1 NWP Vi = Vi or Vot N
plus occprrence of fault
2.2 NWP V= Vior Vo A
23 | NTM wR N g @r te F *
sys em
3) Start pp 3.1 NWP Vi, <Xhub>\\/}\ F *
3.2 EOGl Vi ub — W Vr N\> U N
Vo t
3{\\5%(1 NS Vo U N
N ~Yout )\/
4) Normfl shut down [4}\/‘ \I\NQP \Vkvhu < Vout F *
z.z éoc;l vﬁ\: T Vot u N
5) Emergency shut T N er or Vout U N
down /\
6) Parked (standing Still \| & WM A = Veso Possible loss of u N
or idling electrical power
network
(\ NN 6.%\ NTM Vi < 0,7 Vies F *
7) Parked anthtaultN * \ [ | EWM Vi, = Vis u A
conditiofs
8) Transport, assembly; 8.1 To be stated by the U T
maintenfnee’/and repair manufacturer

For abbreviations, see next page.

* If no cut-out wind speed V., is defined, the value of V,¢f should be used.
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DLC
ECD
ECG
EDC
EOG
EWM
EWS

Design load case

Extreme coherent gust with direction change (see 6.3.2.5)
Extreme coherent gust (see 6.3.2.4)

Extreme direction change (see 6.3.2.3)

Extreme operating gust (see 6.3.2.2)

Extreme wind speed model (see 6.3.2.1)

Extreme wind shear (see 6.3.2.6)

Subscript Recurrence period in years

NTM Normal turbulence model (see 6.3.1.3)

NWP Normal wind profile model (see 6.3.1.2)

F Fatigue

U Ultimate

N Normal and extreme

A Abnormal

T Transport and erection

* Partial safety factor for fatigue (see 7.6.3

7.4.1

In this ¢ ected he electric load. The gssumed
WTGS imbalance. The maximum mass and
aerodyn| ations) specified for rotor manpufacture
shall be

In addit m opegrating situations such as yaw misalignment
and cor into account in the analyses of opgrational
loads.

The wor be assumed in the calculation, for example direction
change lignment (DLC 1.8) or gust with loss of glectrical
connect|

Design and 1.2 embody the requirements for loads resultipg from
atmosp LC 1.3 and 1.6 — 1.9 specify transient cases which haye been
selected Riti itical events in the life of a WTGS. In DLC 1.4 and 1.5 trapsitional
events due towexiernaNfaults and loss of electrical load are considered.

7.4.2 ower production plus occurrence of fault (DLC 2.1 — 2 3)

Any fault in the control or protection systems, or internal fault in the electrical system,
significant for WTGS loading (such as generator short circuit), shall be assumed to occur
during power production. For DLC 2.1, the occurrence of a fault in the control system which is
considered a normal event shall be analyzed. For DLC 2.2, the occurrence of faults in the
protection or internal electrical systems which are considered to be rare events shall be analyzed.
If a fault does not cause an immediate shutdown and the consequent loading can lead to
significant fatigue damage, the likely duration of this situation shall be evaluated in DLC 2.3.

7.4.3

Start up (DLC 3.1 — 3.3)

This design situation includes all the events resulting in loads on a WTGS during the transients
from any stand still or idling situation to power production.
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7.4.4 Normal shut down (DLC 4.1 — 4.2)

This design situation includes all the events resulting in loads on a WTGS during normal
transient situations from a power production situation to a stand-still or idling condition.

7.4.5 Emergency shut down (DLC 5.1)

Loads arising from emergency shut down shall be considered.

7.4.6 Parked (stand-still or idling) (DLC 6.1 — 6.2)

The rotor of a parked wind turbine which may be either in a stand-still or idling condition shall
be consjteret—with effre—wirt-speed—condition stgntfiean e
to somg components (e.g. from weight of idling blades), the exp
power production time at each appropriate wind speed shall also be cofisidered
the loss|of the electrical power network on a parked wind turbine shg i

=

Y v O

7.4.7 Parked plus fault conditions (DLC 7.1)

Deviatigns from the normal behaviour of a parked WTGS,
network|or in the WTGS, shall require analysis. If any fa
network| produces deviations from the normal behavigur of th

possiblg bmbined
with the

7.4.8

The m3 med for
transpoit, assembly, maint e A ed  wind
conditions shall be consid i on the
WTGS.

7.5 Logad calcu@?n

Loads gds described 4 gn load

case. W

— wind
etc.);

shadow,

g. three

— strug¢tyural dynamics and the coupling of vibrational modes;

— aeroelastic effects;
— the behaviour of the control and protection system of the WTGS.

7.6 Ultimate limit state analysis
7.6.1 Method
The partial safety factors are dependent on the uncertainties and variabilities in loads and

materials, the uncertainties in the analysis methods, and the importance of structural
components with respect to the consequences of failure.
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7.6.1.1 Partial safety factors

To assure safe design values for loads and materials, the uncertainties and variabilities in
loads and materials are covered by partial safety factors for loads and materials defined in (21)
and (22).

Fa =y Fk (21)
where
Fq is the design value for the load;

Fr ist entative
vallie i aluated
sta

(22)
where

fy is the design value for the material;

Ym is the partial safety factor for the material; and

fi is the characteristic value of the material prope

The par

— the possibility of unfavourable deviatiehs o

— unce

The partial safety factors fQr matéri 3 star Df:

— the possibility of u cteristic

valug;

— posgible inat@t 3 uenthof the resistance of sections or load-carrying capacity of
part

— unce

— unce d those
meal

These di h| safety

factors, nto one

factor yandthe materral related factors into one factor y,. The consequences of failurg factor,

Yo, IS intlroduced to distinguish between:

Component class 1: used for "fail-safe" structural components whose failure does not result in
the failure of a major part of a WTGS;

Component class 2: used for "non fail-safe" structural components whose failures lead rapidly
to the failure of a major part of a WTGS.

For the ultimate limit state analysis of the WTGS, the following four types of analysis shall be
performed where relevant:

— analysis of ultimate strength (see 7.6.2);

— analysis of fatigue failure (see 7.6.3);

— stability analysis (buckling, etc.) (see 7.6.4);

— critical deflection analysis (mechanical interference between blade and tower, etc.) (see
7.6.5).
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The general equation for non-exceedance of the ultimate limit state is:
¥n x S(Fq) < R(fq) (23)

Each type of analysis requires a different formulation of the load and resistance functions, S
and R, and deals with different sources of uncertainties through the use of safety factors.

7.6.1.2 Application of recognized material codes

When determining the structural integrity of elements of a WTGS, national or international
design codes for the relevant material may be employed. Special care shall be taken when
partial safety factors from national or international de3|gn codes are used together Wlth partial

safety f not less
than thg i
Differen iaf factors
account 9 aterial
strength, h in this
standar counting
for the i gctors or
uses re 5, these
shall als
Individu bad and
the mate i 3. the one
defined|in ISO 2394. ivisi N ) i i that of
ISO 2394, the necessary adjustments ip-t ) [ i Nt in the
verificatjon according to this standard.
7.6.2
The res material
resistan usually
defined multiple
simultan

(24)
7.6.2.1
Where all have
the valu
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Table 3 — Partial safety factors for loads

Unfavourable loads Favourable
loads
Source of loading Type of design situation (see table 2) All design
situations
Normal and Abnormal Transport and
extreme erection
Aerodynamic 1,35 11 1,5 0,9
Operational 1,35 1,1 1,5 0,9
Gravity 1,1/1,35* 1,1 1,25 0,9
Other | artia 1,’)R ‘I,‘I
* |n the|event of the masses not being determined by weighing.

In many
various
loads ¥

relevany design situation.

shall be taken as the highest of the partial safety fac

Alternatjvely, the computation of stresses and stress

combingd
variatio
the Iev}
maintai

7.6.2.2

The partial safety factors¢for

availablg

materials accounting fgrt

1,1 wheln applied
confidence Iimi@ :
probabilities p (b i

higher,
safety factors for
tolerang
that wol

of the general partial safety fad
e strength parameter shall be not I¢
Qperties of 95 % survival probability p with 95 %
¢ properties are derived for other
imit), and/or coefficients of variation, J, of
be taken from table 4. To derive the globg

artial safety factors for materials for inherent variability

Ptors for
for the

Wwith the
ftematic
vay that

s for loads in talple 3 is

y of the
tors for
pss than

survival
10 % or
| partial
effects,
defects

% (‘910% 0=15% d=20% 0=25% 0=30%
99 % 1,02 1,05 1,07 1,12 1,17
98 % 1,06 1,09 1,13 1,20 1,27
95 % 1,10 1,16 1,22 1,32 1,43
90 % 1,14 1,22 1,32 1,45 1,60
80 % 1,19 1,30 1,44 1,62 1,82

Partial safety factors for consequences of failure:

Components class 1: y, =1,0

Components class 2: y, = 1,0.
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7.6.2.3 Partial safety factors for materials for where recognized
design codes are available

The combined partial safety factors for loads, materials and the consequences of failure, %, ym,

and y;, shall be not less than those specified in 7.6.2.1 and 7.6.2.2.

Where the survival probability p and the coefficient d are not specified for the material, values

p=95% and 0 = 10 % can be assumed.

7.6.3 Fatigue failure

Fatigue damage shall be estimated using an appropriate fatigue damage calculation. For
example, in the case of Miner's rule, the limit state is reached when the accumulated damage

exceedg 1. So the accumulated damage within the lifetime of a turbine ghall less| than or
equal to 1:
n.
Damage= ) ———<10 (25)
Z N(YmYnY:Si)
where
nj is|the counted number of fatigue cycles in bin j g ectrum,
including all relevant load cases;
S; is|the stress (or strain) level associated with ding the
effects of both mean and cyclic range;
N() is by the
af
Ym, Yo, Y ilure, and
lopds respectively.
7.6.3.1
The partial safety facto ations.
7.6.3.2 Partial
The partial safety fa ased on
not lesg than 9 cient of
variation of ) survival
probabilli ficients of variation J the relevant general safety fgctor for
materia \ ble 4. The fatigue strengths shall be derived from a stalistically
significgn e estsdand the derivation of characteristic values shall account fpr scale
effects, dation due to external actions, such as ultraviolet radiatijon, and
defects whi ld not normally be detected.

P ot oy Ao apa Ffoiliy
Partial s..alCL_y factors—for coftsequences-ortatrtre

Components class 1: y, =1,0

Components class 2: y, = 1,15.

7.6.3.3 Partial material factors where recognized design codes are available

The combined partial safety factors for loads, materials and consequences of failure shall not

be less than those specified in 7.6.3.1 and 7.6.3.2.

Where the survival probability p and the coefficient d are not specified for the material property,

values p = 95 % and d = 10 % can be assumed.
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7.6.4 Stability

No kink or buckling may occur in a component under characteristic load. Under design load,
only the load-carrying parts of “non-fail-safe” components shall not kink or buckle. For all other
components elastic buckling may occur under this load.

A minimum value for the partial safety factor for loads y shall be chosen in accordance with
7.6.2.1 to deal with uncertainties in extreme loads.

7.6.5 Critical deflection analysis

It shall be verified that no deflections affecting WTGS safety occur in the design conditions
detailedrimtapte 2—Omne of the mostimportant considerations s to verify thatgo merhanical
interfergnce between blade and tower can occur.

The makimum elastic deflection in the unfavourable direction shall
cases dptailed in table 2 and multiplied by the combined partial
and conjsequences of failure.

Hhe load
material

Partial gafety factor for loads
The par

Partial 4afety factor for materials

The par

shall bg culation
method

Partial gafety factor for| ¢

Compornents cla@

Comporjents class™2;

The ela ourable
directio

7.6.6

Lower partiahsa s for loads may be used where the magnitudes of loads have been
established by ment or by analysis confirmed by measurement to a higher thang normal
degree ” The values of all partial safety factors used shall be stated in th¢ design

documelntation

8 Control and protection system

8.1 General

WTGS operation and safety shall be governed by a control and protection system which meets
the requirements of this clause.

Manual or automatic intervention shall not compromise the function of the protection system.
Any device allowing manual intervention shall be clearly visible and identifiable by appropriate
marking where necessary.

Settings of the control and protection system shall be protected against unauthorized
interference.
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Any single failure in the sensing or the activation parts of the control system shall not lead to a
malfunction of the protection system.

8.2 Wind turbine control

The control system of a WTGS shall control the operation by active or passive means and keep
the operating parameters within their normal limits. Where selection of control mode can be
exercised, for example for maintenance, control in each mode shall override all other control,
with the exception of the emergency stop button. Mode selection shall be governed by a
selector which can be locked in each position corresponding with a single mode. When certain
functions are controlled numerically, access codes shall be provided to appropriately select the
function.

The corltrol system may govern functions or parameters such as:

— power limitation;
— rotof speed;

— connection of the electrical load;

— starf-up and shutdown procedures;

— shutdown at loss of electrical network or electrical f0ad;
— cablp twist limits;

— alignment to the wind.

O

8.3 Wjind turbine protection

The protection system shall be activat 3 § r of the
effects ¢f an internal or extg J vithin its
normal |operation limits. a safe
conditioph. The activatio 6 rQiecti em shall be set in such a way that design
limits are not exceeded

The pro

— over

— gené

—  ©exce

— failu f load;

— abng

The protection 'sys shall be designed for fail-safe operation. The protection system| shall in
general|betable to protect a WTGS from any single failure or fault in a power source qr in any
non-safe-life component within tNe protection system.

If two or more failures are interdependent or have a common cause, they shall be treated as a
single failure.

All non-redundant components of the protection system shall be analyzed for ultimate strength
and fatigue failure and ultimate loads and meet the requirements of 8.4.
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8.4 Functional requirements of the control and protection system

The protection system shall include one or more systems (mechanical, electrical or
aerodynamic) capable of bringing the rotor to rest or to an idling state from any operating
condition. At least one of these shall act on the low speed shaft or on the rotor of a WTGS.
Means shall be provided for bringing the rotor to a complete stop from a hazardous idling state
in any wind speed less that V1. Disengagement of any emergency stop button following its use
shall require an appropriate action. Disengagement shall not result in restart, only permit
restart.

Measures shall be taken to reduce the risk from dormant failures. Non-safe life components
and systems shall fail to a safe condition or their condition shall be automatically monitored; in

either chse their tfaiflure shall result In a machine shutdown. Safe-Tife dgsigned comjponents
shall be|inspected at adequate intervals.

An eme bult in a
maching

In cases

The aut initiated
by an in

9 Mecghanical systems

9.1 Gegneral

The “mg

— elen

— auxifi

Auxiliary i

9.2 E

Errors | b of risk
shall be given on
the part moving
parts an heir hoysings where the dlrectlon of movement shall be known to avoid a risk.
Any further informatiop that may be necessary shall be given in the operator's instrucfion and
maintenfance-manua

Where a faulty connection can be a source of risk, incorrect connections shall be made
impossible by the design or, failing this, precautions shall be taken to avoid faulty connection
by information given on the pipes, hoses and/or connector blocks.

9.3 Hydraulic or pneumatic systems

Where auxiliary items are powered by hydraulic or pneumatic energy the systems shall be so
designed, constructed and equipped as to avoid all potential hazards associated with these
types of energy. Means of isolating or discharging accumulated energy shall be included in the
design.

All pipes and/or hoses carrying hydraulic oil or compressed air and their attachments shall be
designed to withstand or be protected from foreseen internal and external stresses.

Precautions shall be taken to minimize risk of injury arising as a consequence of rupture.


https://iecnorm.com/api/?name=5e04aab5a501a2baabb44320e8b5dd74

—42 - 61400-1 © IEC:1999(E)

10 Electrical system

10.1 General

The "electrical system" of a (multiple) WTGS installation comprises all electrical equipment
installed in each individual WTGS up to and including the WTGS terminals; in the following
referred to as the "WTGS electrical system".

The power collection system is not covered in this standard.

10.2 General requirements for the WTGS electrical system

All electfrical components and systems shall meet the requirements of IEC 6020

The degign of a WTGS electrical system shall ensure minimal hazayd vestock
as well|as minimal potential damage to the WTGS and externah el®ctr >during
operatign and maintenance of the WTGS under all normal ap X e nditions
defined|in clause 6.

A WTGP electrical system, including all electrical eguipms 3 comply
with thg relevant IEC standards. Specifically, the dgsign_of™a m shall
comply |with the requirements of IEC 60364. For i Haih circuits supplied at
nominal| voltages greater than 1 000 V a.c. or j nanufacturer shall dtate the
design |standard used. The design ' hall take into accqunt the
fluctuating nature of the power generatign fro i

ith S
%61 QO

t0 the requirements of IEC 60364, include|suitable
phalfunctioning of both the WTGS and the |external
safe condition or state.

A WTQGES electrical system shall comply
compatipility, including IE£
IEC 61000-4-4, IEC 6100Q

IEC standards on electromagnetic
, IEC 61000-4-2, IEC 61p00-4-3,

10.3 P
AWTG

devices
electricd

104 D

It shall |[ge p ibfeto disconnect a WTGS electrical system from all electrical solrces of

Semicorr } shall not be used alone as disconnect devices.

Where lighting or other electrical systems are necessary for safety during maintenance,
auxiliary circuits shall be provided with their own disconnect devices, such that these circuits
may remain energized while all other circuits are de-energized.

10.5 Earth system

The design of a WTGS shall include a local earth electrode system to meet the requirements of
IEC 60364 (for the correct operation of the electrical installation) and IEC 61024-1 (for lightning
protection). The range of soil conditions for which the earth electrode system is adequate shall
be stated in the design documentation, together with recommendations should other soil
conditions be encountered.

The choice and installation of the equipment of the earthing arrangement (earth electrodes,
earthing conductors, main earthing terminals and bars) shall be made in accordance with
IEC 60364-5-54.
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Any electrical system operating above 1 000 V a.c. or 1 500 V d.c. shall be able to be earthed
for maintenance.

10.6 Lightning protection

The lightning protection of a WTGS shall be designed in accordance with IEC 61024-1. It is not
necessary for protective measures to extend to all parts of the WTGS, provided safety is not
compromised.

10.7 Electrical cables

Where there is a probability of rodents or other animals damaging cables, armoured cables or

conduitgshatt-beused—tndergroundcabtes—shatt e burted-atasuitabtedeptirsothat they are
not damaged by service vehicles or farm equipment. Underground cableg\shall, it\aet-pfotected
by a conduit or duct, be marked by cable covers or suitable marking tape.

10.8 Self-excitation

Any eleg¢trical system that can self-excite the WTGS shall pe in safely
disconngcted in the event of loss of network power.

If a cap r power
factor correction), a suitable switch is requwed , : henever
there isl a loss of network power, to i i nerator.
Alternatjvely, if capacitors are fitted, 4 cannot
cause sglf-excitation.

10.9 Oler-voltage protection

The ovpr-voltage protection s i i i i ents of
IEC 61312-1.

The limlits of t otes i d so that any over- voltage transferred to the
electrical equipm vels.

10.10

The power amd static
VAR co esigned so that harmonic line currents and voltage w%veform
distortig with electrical network protective relaying. Specifically, for metwork-

connected WJG ; age harmonics generated by the WTGS shall be such that th¢ overall
voltage [wavefomq distortion at the network connecting point will not exceed the acg¢eptable
upper Iirlnit fer'the electrical network.

11 Assessment of external conditions

11.1 General

WTGS are subjected to environmental and electrical conditions which may affect their loading,
durability and operation. In addition to the environmental conditions, account has to be taken of
the soil properties at the site where the WTGS is located.

It shall be assessed that the environmental, electrical and soil properties are more benign than
those assumed for the design of a WTGS. If the site conditions are more severe than those
assumed, the engineering integrity shall be demonstrated.

All offshore sites shall require WTGS class S turbines.
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11.2 Assessment of wind conditions

As a minimum requirement, the wind conditions at the site shall be assessed according to the
basic parameters listed below in terms of which the WTGS classes are defined.

— reference wind speed: Viet
— annual average wind speed: Vave
— turbulence intensity at Vyyp = 15 m/s: I15

where /15 is the characteristic value of hub-height turbulence intensity at a 10 min average wind
speed of 15 m/s. The characteristic value is calculated by adding the measured standard
deviation of the turbulence intensity to the measured or estimated mean value.

The wind conditions shall be assessed from monitoring measurement te, long
term regords or from local codes or standards. Where appropriate, the shall be
correlated with long term data from local meteorological stations.

The mohitoring period shall be sufficient to obtain a minimym g iahle data.
Where $easonal variations contribute significantly to the wi ; ing period

shall inqlude these effects.

The val wes applied to n;leasured
data obfai 5 aphical or other local effects
may infl i i W the S epresented in the dafa.

The characteristics of the anemomete ) e and averaging time used t¢ obtain
measur¢ i 3 ent o exnce intensity. These effects ghall be
considef

For complex terrain, the WI d conditions : assessed from measurements made at the
site. In B._gi e effect of topography on the wind speed,
wind prgfile, inclipation at each turbine location.

Wake e \ chinés shall be considered for WTGS operating|in wind
farms.

11.3 A

The follgwi Wi 3\ condltlons shall be assessed for comparison with the assumptions
made fg i

— icing;

— humidity;

— solar radiation;

— chemically active substances;
— earthquakes;

— salinity.

4) Note, for example, that when low frequency trends exist in wind speed data, caution should be exercised in
evaluating turbulence intensity and other parameters.
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11.4 Assessment of electrical network conditions

The electrical conditions at the interconnection between a WTGS and the existing electrical
network at a proposed site shall be assessed to ensure compatibility with the WTGS and,
where appropriate, any electrical equipment between the WTGS and the existing electrical

network. These shall include, but not be restricted to the following:

— normal supply voltage and range;

— normal supply frequency and range;
— voltage imbalance;

— symmetric and unsymmetric faults;

— numbper of electrical network outages;
— autofreclosing cycles;

— short-circuit impedance at the wind turbine terminals;

— ambjent harmonic voltage distortion.

11.5 Assessment of soil conditions

The soil properties at a proposed site shall be assessé \ and with refefence to
availablg local building codes.

12 Asgembly, installation and ereétio

12.1 Ggneral

The manufacturer of a e nual clearly describing ingtallation
requirements for the W Nt \T heNAstallation of a WTGS shall be perfofmed by
personnel trained or in$t iWities.

The sit d/maintained, operated and managed so tlhat work
can be prevent
unauthgrized acce existing
and pot¢ntial haz

Checklists of planred @ctiv bsults of

trained |n<such work7and shall use approved safety belts, safety climbing aids or othg

ould be
r safety

devicesLWhen appropriate a buaoyancy aid should be used around water

All equipment shall be kept in good repair and be suitable for the task for which it is intended.

Cranes, hoists and lifting equipment, including all slings, hooks and other apparatus,
adequate for safe lifting.

shall be

Particular consideration should be given to installation of WTGS under unusual conditions,

such as hail, lightning, high winds, earthquake, icing, etc.

In the case of a tower standing without a nacelle, appropriate means shall be taken
critical wind speeds for vortex generated transverse vibrations. The critical wind spe
precaution measures shall be included in the installation manual.

to avoid
eds and
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12.2 Planning

The assembly, erection and installation of WTGS and associated equipment shall be planned
in order that the work is carried out safely and in accordance with local and national
regulations. The planning shall include, where appropriate, consideration of the following:

12.3 Installation conditions

During fhe installation of a WTGS the site shall be maintajne
present|a safety risk.

12.4 Sjte access

Access fo a site shall be safe and the

125 E

During i envirogmental limits specified by the manufacturer shall be observe
such as olldwilgeshould be considered:
— wind

rules for safe execution of excavation work;
detailed drawings and specifications of the work and inspection plan;

rules for the proper handling of embedded items, such as foundations, bolts, anchors and

reinforcement steel;

rules for concrete composition, delivery, sampling, pouring, finishing and placement of

conduits:

safety rules for blasting;
procedures for installation of tower and other anchors;

procedures for quality assurance.

account:

barrjers and routes of travel;
traffic;

road surface;
road width;
clearance;

accgss weig i

movement of eg

snow and-ice;

e that it d

oes not

. I[tems

ambrert EeTTpeTatare,
blowing sand;
lightning;

visibility;

rain.

12.6 Documentation

The manufacturer of a WTGS shall provide drawings, specifications and instructions for
assembly procedures, installation and erection of the WTGS. The manufacturer shall provide
details of all loads, weights, lifting points and special tools and procedures necessary for the
handling and installation of the WTGS.
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12.7 Receiving, handling and storage

Handling and transport of wind turbine generator equipment during installation shall be
performed with equipment confirmed to be suitable to the task and in accordance with the
manufacturer's recommended practice.

WTGS are often sited on hilly terrain. Therefore, heavy equipment shall be set down in such a
manner that it cannot shift. A suitably-sized, level lay-down area is preferred for all handling
and assembly operations. Where this cannot be provided, all heavy equipment shall be
securely blocked in a stable position.

Where there is risk of movement and damage by the wind, blades, nacelles, other aerodynamic
parts andfight crates shattbe secured withr Topes and Stakes, or ground anciho

12.8 Fpundation/anchor systems

Where $pecified by the manufacturer for safe installation or asse
fixtures [and other apparatus shall be used.

igs and

12.9 Asgsembly of WTGS

AWTG
carried

shall be

12.10 Erection of WTGS

A WTG[S shall be erected by personn€ ined & erection
practicefs.

No part|of a WTGS electrisal syg ' giZed during erection unless it is ngcessary
for the grection process @ ization of such equipment shall be carri¢d out in
accordance with a writt

All elen nslation) may result in a potential hazard ghall be
secured out the erection process.

12.11

Threadqd e gther”attachment devices shall be installed according to thg WTGS
manufag¢ ) d torque and/or other instructions. Fasteners identified a$ critical
shall be oeedures for confirming installation torque and other requirements shall
be obta

In particd H-to-eonfirm-the—feHowine:

— proper assembly and connection of guys, cables, turn buckles, gin poles and other
apparatus and devices;

— proper attachment of lifting devices required for safe erection.
12.12 Cranes, hoists and lifting equipment

Cranes, hoists and lifting equipment, including all hoisting slings, hooks and other apparatus
required for safe erection, shall be adequate for safe lifting and final placement of the loads.
Manufacturer's instructions and documentation with respect to erection and handling should
provide information on expected loads and safe lifting points for components and/or
assemblies. All hoisting equipment, slings and hooks shall be tested and certified for safe load.
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13 Commissioning, operation and maintenance

13.1 General

The commissioning, operation, inspection, and maintenance procedures shall be planned with
the safety of personnel in mind and specified in the WTGS manual.

The design shall incorporate provisions for safe access for inspection and maintenance of all
components.

The requirements of clause 10 also cover electrical measurement equipment temporarily
installed in the wind turbine for the purpose of measurements.

When appropriate, operation and maintenance personnel shall use gpp hearing
and hedd protection. All personnel climbing towers, or working abo ) Br level,
shall be| trained in such work and shall use approved safety be 8 ki ids or other
safety devices. When appropriate, a buoyancy aid should be ysed

13.2 Cpmmissioning

Commigsioning shall be carried out in accordance w(t Imended

instructipns.

13.2.1 Energization

The mahufacturer's instructions shall ifclude a prot€
electricdl system.

e_for initial energization of thg WTGS

13.2.2 [Commissioningnests

devices| contro

WTGS shall be t‘ | edafter In i onfirm proper, safe and functional operation of all
recommended progé

— safe
— safe
— safe
— safe

—  functi

13.2.3 Récords

Proper records shall be kept describing testing, commissioning, control parameters and
results.

13.2.4 Post commissioning activities

At the completion of installation, and following operation for the manufacturer recommended
running-in period, the specific actions that may be required by the manufacturer shall be
completed.

These can include, but are not limited to preloading of fasteners, changing of lubrication fluids,
checking other components for proper setting and operation and proper adjustment of control
parameters.

The WTGS site should be refurbished to remove hazards and prevent erosion.
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13.3 Operations

The operation of a WTGS shall be performed by personnel suitably trained or instructed in this
activity.

The normal operation of a WTGS by the operating personnel shall be possible at ground level.
A tagged, local, manual override on the automatic/remote control system shall be provided.

13.3.1 Operations manual

An operator's instruction manual shall be supplied by the WTGS manufacturer and augmented
with information on special local conditions at the time of commissioning, as appropriate. The
manual shoutd-mnctude:

— system safe operating limits and descriptions;

— starf and shutdown procedures;
— an aarm's action list;

— emefgency procedures plan.

The mapual shall be available to the operation and majrtenanc \ y b written

13.3.2 Pperations and maintenance regqrd
Operatipns and maintenance records sha

— wind turbine identification;
— eneljgy produced;
— opeffating hours;
— shutdown hours;
— date|and tim
— dateland time of'se

— natuye of fault, 0

— actidg
— parts$

13.3.3

Followir eduled automatic shutdown caused by a fault or malfunction] unless
specifiepf otherwise™irf the operations manual or instructions, the operator shall investipate the
cause before a WTGS is restarted. All unscheduled automatic shutdowns should be reqorded.

External events detected as faults but not critical for the future safety of a WTGS, such as loss
and reinstatement of the electrical load, may allow automatic return to normal operation after
completion of the shutdown cycle.

13.3.4 Diminished reliability

Action shall be taken to eliminate the root cause of any indication or warning of abnormality or
diminished reliability.
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