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INTRODUCTION
1 Scope

1.1 These requirements cover large wind turbine systems (WT) that are equipped with electrical
subassemblies and permit the entry of personnel. With respect to this standard, WT permitting entry of
personnel are considered to be wind turbines where a user or service person may, or is intended to, enter
the turbine to operate it or perform maintenance. These WT are intended for use in utility-interactive, grid-
tied applications that operate in parallel with an electric power system (EPS) to supply power to common
or stand-alone loads. This standard includes requirements for WT intended for EPS grid connections at
transmission, sub-transmission, and distribution levels depending on the specifications of the specific WT.

1.2 The WI power, control and protection systems are evaluated only to the extent that|they function
within the manufacturer’s specified limits and response times. These control and protection|functions are
evaluated with respect to risk of electric shock and fire. It is intended that the electrical subagsemblies that
address power transfer and control and protection functions evaluated per this*document are to be
coordinated with the mechanical and structural evaluation of the WT in accordance with the IEC 61400
series of documents.

1.3 These fequirements do not cover:
a) Defeted
b) Mechanical or structural integrity of the WT or subassemblies,

c) Vefification that the manufacturer-defined contféls and protection limits maintain the WT within
its safe mechanical and structural limits,

d) Compliance with specific grid interconnection standards or requirements.

1.4 The wind turbine products covered by these requirements are intended to be installed in multiple
installation Igcations and jurisdictions which may include installation codes including, but notflimited to, the
National Eleftrical Code, ANSI/NFPA-70, the National Electrical Safety Code (NESC), ahd NFPA 79,
Electrical Stgndard for Industrial Machinery.

1.5 The wind turbine produéts covered by this standard are considered to be machine$ that include
inherent intefnal hazards:that make them unsuitable for access by the general public.

1.6 The users, operators and service persons that enter this equipment are expected to have the
necessary Knowledge of its operation and reasonably foreseeable hazards. These individuals are

expected to lbe'equipy

1.7 The evaluation of products to this standard includes the evaluation of all features and functions
incorporated in or available for the WT that can affect compliance of the WT with this standard. This
includes references in the documentation for the WT.

1.8 Small WT and electrical subassemblies are defined as wind turbines where a user or service person
is not intended or required to enter the WT to operate or perform maintenance on the WT. Small wind
systems are covered in the Standard for Small Wind Turbine Systems, UL 6142.
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2 General

21

211

Components

Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with

the requirements for that component. See Appendices A — C for a list of standards covering components
used in the products covered by this standard.

2.1.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the

produ

1 or system covered by this standard

b)lss

c)lsn

installation codes, provided the component addresses the performance and safety cr

neces

Note: th

2.1.3 A com
use.

2.1.4 Specific components are, incomplete in construction features or restricted in

capabilities.
temperatures

2.1.5 Comp
operation ove
per the WT m

Liperseded by a requirement in this standard, or

pt relied upon for compliance with the National Electric Code, ANSI/NFPA'70, a

sary for the end application as determined by the evaluation in this'standard.

e following provides guidance for item (c) —

loads, etc. shall be of the type(s) defined in the applicable portion,of the National Electric Code g
with the applicable portions of the UL standards or standards referenced in the National Elect
Appendix A for that component type or function. They shall, be suitable for the application within
application, including the end product ratings and including‘foreseeable abnormal conditions. EX
but are not limited to, branch overcurrent protection, switches, disconnects, wire, cable, connec
etc.

2) External WT system components (not integral to the WT) shall comply with applicable UL S
component.

ponent shall be used in accordance with its rating established for the intended

Such components-are intended for use only under limited conditions, suc
not exceeding specified limits, and shall be used only under those specific cond

r the rated normal operating range of electrical and environmental conditions
anufacturer’s specifications.

nd other U.S.
tical aspects

1) Integral WT components relied upon to interconnect with and/or protect system components| system wiring,

nd shall comply
ric Code and in
the end product
amples include,
ors, contactors,

tandard for that

conditions of

performance
h as certain
tions.

bnents and-subassemblies of the overall WT shall be evaluated and found suitable for their

ithin the WT

2.1.6 These componenis and subassemblies shall also perform per the manufacturer’s specifications
during defined abnormal conditions, such as WT shutdown and abnormal electric utility grid conditions.

2.1.7 For additional requirements, reference Section 4, Special Components and Subassemblies of
Wind Turbines.

2.2 Units of Measurement

2.2.1
approximate i

nformation.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

2.2.2 All references to AC voltages within this standard shall be considered to be RMS unless otherwise

specified.
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2.2.3 All references to DC voltages within this standard shall be considered to be maximum cyclic
voltages unless otherwise specified.

2.2.4 All references to voltages that are not specified as AC or DC shall be considered to be the nominal
line-to-line AC RMS voltage.

2.3 Undated References

2.3.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.

3 Glossarl
For the purpgse of this standard, the following definitions apply.

3.1 DOWN|TOWER - The space in and around a wind turbine location thatyis’at or neaf ground level
such as the Qase level of the turbine tower.

3.2 ELECTRIC POWER SYSTEM (EPS) — Equipment or facilities thatdeliver electric powdr to a load(s).
The most common example of an EPS is an electric utility.

3.3 MAXIMUM CURRENT(S) — The maximum peak current(s)«a wind turbine will produce. [There may be
several maximum current ratings defined for a product or_system, such as alternator/gengrator output,
inverter/convierter output, and control output circuits.

3.4 MAXIMUM OUTPUT POWER — The maximum average power output a wind turblne in normal
steady-state |operation will produce over a one mifitite period of time. Note that the peak power output can
be greater.

3.5 MAXIMUM VOLTAGE - The maximum peak voltage a wind turbine will produce during operation,
including opgn circuit conditions.

3.6 MEDIUM VOLTAGE — More:than 1000 Vac or 1500 Vdc.

3.7 NACELLE - The housing or enclosure for the alternator/generator and other wind turlline parts that
is generally Ipcated atthetop of the tower.

3.8 OVERVYOLTAGE - Any voltage having a peak value exceeding the corresponding peak value of
maximum stg¢ady-state voltage at normal operating conditions. T

3.9 OVERVOLTAGE CATEGORY — A numeric classification that defines a transient overvoltage
condition:

a) Overvoltage categories I, Il, Ill, and IV are used per IEC 60664-1, Insulation coordination for
equipment within low-voltage systems — Part 1: Principles, requirements and tests.

b) The term "overvoltage category" in this standard is synonymous with "impulse withstand
category" used in IEC 60664-4-44, Low-voltage electrical installations — Part 4-44: Protection for
safety — Protection against voltage disturbances and electromagnetic disturbances.

3.10 PERSONAL PROTECTION SYSTEM — Emergency stop system intended primarily to provide
protection from moving, rotational, or electrical danger for personnel in the wind turbine.
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3.11 POLLUTION - Any addition of contaminants, solid, liquid or gaseous (ionized gases), and moisture
that may produce a reduction of dielectric strength or surface resistivity.

3.12 POLLUTION DEGREE - The level of pollution present at the location on or in a product where the
clearance and creepage distance measurement is made and can be controlled by the design of the
product. For example, enclosures can be used to achieve pollution degree 3, heaters within enclosures
can help achieve pollution degree 2, and encapsulation can be used to achieve pollution degree 1:

a) Pollution Degree 1: No pollution or only dry, nonconductive pollution. The pollution has no
influence.

b) Pollution Degree 2: Normally, only nonconductive pollution; however, a temporary conductivity
causefi by condensation may be expected.

c) Po at becomes

condu

lution Degree 3: Conductive pollution or dry, nonconductive pollution” th
ctive due to condensation that is expected.

d) Polfution Degree 4: Pollution that generates persistent conductivity through condyctive dust or

rain amd snow.

3.13 POLYN
of chained m
fillers, colorari

IERIC MATERIAL — Materials that are either natural or synthetic and are primar|ly composed
blecules of monomers, combinations of monomers, cofmbined polymers, crosslinking agents,
ts, and other materials.

3.14 RATEL
accordance
electricity pro

POWER - The output power of the wind turbine when operating at its rated
vith IEC 61400-12-1, Wind turbines — Paft; 12-1: Power performance meas
ducing wind turbines.

ind speed in
urements of

Note: The metho[ for measuring wind turbine power output is«$pecified in IEC 61400-12-1.

3.15 SAFE]T
critical contro
design limita
operation, an
electromecha

3.16 SWIT(

Y RELATED CONTROLS SYSTEM (SRCS) — Assembly of equipment that
s and protection functions:that maintain the wind turbine within its mechanical g
ions. This includes the_gévaluation of electrical control and protection fung
d response times during normal, abnormal, and failure conditions. The SRCS
nical components:

HGEAR —.The combination of switching and interrupting devices that an

includes the
nd structural
tions, limits,
may include

e used with

associated dontrol, instruments, metering, protective, and regulating accessories. Swi
includes ass¢ciated 'interconnections and other electrical accessories, and supporting str
primarily for the generation, transmission, distribution, and conversion of electric power.

chgear also
ictures used

3.17 SWITCHGEAR ASSEMBLY — Assembled indoor or outdoor equipment provided with a supporting
structure, one or more enclosures, conductors, electrical interconnections and other accessories that
includes switching, interrupting, control, instrumentation, metering, protective, and regulating devices.

3.18 TURBINE PROTECTION SYSTEM - System intended primarily to provide protection for a wind
turbine structure in the event of the following conditions: short circuits, excessive vibration, rotor or
generator overspeed, extreme temperature, or extreme wind.

3.19 UP TOWER - The space in and around a wind turbine location that is at or above the top of the
tower such as in the nacelle and hub.

3.20 WIND TURBINE (WT) — A device or system of subassemblies that convert wind energy to electric
power and typically consists of an overall structure including; tower, nacelle, hub and blades as well as the
associated internal equipment.
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3.21

WIND TURBINE OUTPUT CIRCUIT — The circuit conductors or equipment connected to the turbine

output terminals or conductors where the turbine is intended to be connected to the electric power system

(EPS).

WIND TURB

INE EQUIPMENT AND SUBASSEMBLIES

4 Special Components and Subassemblies of Wind Turbines

41

411

General

LA 00\l

For the purpose of this standard, the medium voltage requirements are to be applied to circuits that

operate atg

412 WTe
shall comply

a)Th

b) TH
Requ

c) UL
the fo

4 4l 4000\ L H 1
CdlCl Uidalit Tyvuuvau /7 TIUU VUL TIVIThtiar.

nuipment and subassemblies, other than those noted in this section apd. 21,
with (at minimum) one of the following standards:

b Standard for Industrial Control Panels, UL 508A;

e Standard for Adjustable Speed Electrical Power Drive)\Systems — Par
rements — Electrical, Thermal and Energy, UL 61800-5-1, or

60947 Low-Voltage Switchgear and Controlgear —Part 1: General Rules alor
lowing UL 60947 part 2 standards:

1) UL 60947-4-1, Low-Voltage Switchgear®and Controlgear — Part 4-1: Cq
Motor-Starters — Electromechanical Contactors and Motor-Starters;

2) UL 60947-4-2, Low-Voltage Switchgear and Controlgear — Part 4-2: AC S
Motor Controllers and Starters | Contactors and Motor-Starters;

3) UL 60947-5-1, Low-Voltage Switchgear and Controlgear — Part 5-1: d
Devices and Switching Elements — Electromechanical Control Circuit Devices;

4) UL 60947-5-2, Low-Voltage Switchgear and Controlgear — Part 5-2: G
Devices and Switehing Elements - Proximity Switches;

5) UL 60947-7-1, Low-Voltage Switchgear And Controlgear — Part 7-1: Ancillg
— TerminakBlocks for Copper Conductors;

6) UL60947-7-2, Low-Voltage Switchgear and Controlgear — Part 7-2: Ancillg
—Protective Conductor Terminal Blocks for Copper Conductors

Components,

5-1: Safety

g with any of

ntactors and

emiconductor

ontrol Circuit

ontrol Circuit

ry Equipment

ry Equipment

7) UL 60947-7-3, Low-Voltage Switchgear and Controlgear — Part 7-3: Ancillary Equipment

— Safety Requirements for Fuse Terminal Blocks.

4.1.3 Regarding 4.1.2 (a) when used outside the scope parameters of the Standard for Industrial Control
Panels, UL 508A, an evaluation shall be performed on the means to keep the internal temperature within
the limits of UL 508A. If not feasible, testing per the Standard for Industrial Control Equipment, UL 508
shall be performed for the worst case normal rated equipment use application.

Exception: Equipment and subassemblies not covered by Section 8, Safety Related Control Systems, that
include components rated for at least the evaluated rated ambient temperature need not be tested per UL

508.

4.1.4 Where the standards referenced in 4.1.2 do not address the needs of the equipment or
subassembly, NFPA 79, Electrical Standard for Industrial Machinery, shall be applied.
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4.1.5 Equipment and subassemblies shall be rated for the electrical an environmental installation
location of the component inside or outside the turbine. Internal turbine environmental conditions may
include exposure to water, corrosive, non-corrosive liquids, falling dust, dirt, and other debris that might
occur. For WTs where oil films or leaks may be expected based on the normal operation or maintenance
tasks, enclosures, including gaskets, shall be suitably rated for ingress of the expected type and amount of
oil.

4.1.6 The acceptable WT enclosure rating shall be determined from the manufacturer’s instructions and
description of the intended use during manufacturing, transport, installation, operation and maintenance.
Enclosures shall be rated using:

a) Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E,

b) IEQ 60529, Degrees of Protection Provided by Enclosures (IP Code), or

c) NEMA 250, Enclosures for Electrical Equipment (100 Volts Maximum)

Note: NEMA 250
the environment

4.1.7 Equip
foreseeable 1
but are not i
equipment on

4.1.8 Enclo
hold, or lean
properties as
parts.

419 Forin
operate or se
of a nacelle,

greater than 1
maximum fla
with the Stan

Exception Noj

a) Win

b

or UL 50E Types 3R, 3RS, 5 or 12 enclosure ratings or IEC 60529 enclosure ratings'of IP43, IP54,
pbf most internal wind turbine components and enclosures.

ment enclosures shall be constructed of sufficient mechanical strength to v
hechanical forces during normal operation and servicé- of the turbine. Such fo
mited to, rotation, rotational sway, yaw, and foreséeable forces imparted by
the enclosures.

bures or equipment that may be used by operators or service personnel, such as
support, shall have the mechanical strength and rigidity to maintain the enclosu
defined in this section including, but-hot limited to, electrical spacings and g

or IP65 address

ithstand the
rces include,
personnel or

a step, hand
re's required
ccess to live

ernal areas of the WT wherejusers or service persons are intended to enter
rvice it, polymeric materials'such as polymeric enclosures, polymeric access

0 square feet (0.93 m?) or a single linear dimension greater than 6 feet (1.83 m)
e spread index and smoke developed index as shown in Table 4.1 as tested i
rd for Test for'Surface Burning Characteristics of Building Materials, UL 723.

1: The faollewing are not required to comply with this requirement:

e and-cables,

b) Ma

e turbine to
rriers, walls

a
Dr insulation on the walls_of a turbine shall be rated as follows. Any single unbt];ken section

shall have a
accordance

ole diracth, ﬂr\r\“nd to wialle flnare Ay onjli

¢) Elevators complying with

SO C e yaoonT vwaito,; 1o, O GGt

4.26.

N

hg surfaces,

Exception No. 2: Turbines with automatic fire suppression are allowed to use Up Tower limits for all
turbine locations.

Table 4.1
Large area polymeric smoke and flame ratings

Tower location

Flame spread index

Smoke developed index

Up tower

Down tower and tower®

25
200

450
450

@ Applies to encl

losed assemblies and does not apply to open lattice constructed.
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1

4.1.10 A material with a flame-spread rating higher than that specified in 4.1.9 may be used as the
exterior finish or covering on any portion of the enclosure if the rating of the combination of the base

material and

41.11

finish or covering complies with 4.1.9.

(contained or leaked) through coordination of design features.

4.2 Wiring

4.21 Gene
4211
standards s
of machine

NFPA 79, El¢
in this section.

4212 Wir
be investigat
or cycle time

4213 Al
tower shall b
requirement:

a) Md
and V|

b) Po

13, stitable for Tray Cable usage_ (Types CMG, CM, CL2, CL3, PLTC, CMR, CL2R

CL2P
c)Op
d) Po

83,0
cable

llFT4l 3

e) Fo
Cablg

Intgrre

ral requirements

all comply with the Standard for Industrial C
— Electrical equipment of machines — Part 1: General requirements (Chapter 1
ctrical Standard for Industrial Machinery (Chapters 12 and 13) in additionito the

"0

ng that is subject to movement, flexing, or twisting during operation of the wing
d in accordance with 4.4, Cable drip loop, for suitability inthe-conditions of use

iring within a WT that is accessible to users or service personnel or runs ve
e either in a raceway or be rated for tray cable usage. The following meets theg

Iticonductor cable complying with the Outline of Investigation for Flexible Motor
Vind Turbine Tray Cable, UL 2277, and-inarked for wind turbine usage;

wer-limited circuit cabling complying with the Standard for Power-Limited Circy

CL3P);
fical fiber circuits complying with the Standard for Optical Fiber Cable, UL 1651;

wer cabling complying with the Standard for Thermoplastic-Insulated Wires an
the Standard for Thermoset-Insulated Wires and Cables, UL 44, and additiona

tray usage ¢“CT”, “For Cable Tray Use”, “For CT Use”, or “For Use in Cable Tray

- voltages greater than 2kV, cabling complying with the Standard for Medium
sy UL 1072, and additionally marked for cable tray usage (“CT”, “For Cable Ti

Brake systems shall prevent ignition of adjacent combustible materials and potential fluids

3y component

204-1, Safety
2 and 13), or
requirements

turbine shall
and rated life

tically up the
intent of this

Supply Cable

it Cables, UL
CL3R, CMP,

d Cables, UL
ly marked for
s”) or marked

oltage Power

ay Use”, “For

CT Use”, or "For Use in Cable Trays”) or marked "F 14T,

f) Extra hard usage cord that complies with the Standard for Flexible Cords and Cables, UL 62;

g) Cables that comply with the Standard for Cables for Non-Power-Limited Fire-Alarm Circuits, UL

1425;

h) Metal-clad cables that comply with the Standard for Metal-Clad Cables, UL 1569.

Exception: Wiring within a component need only meet the requirements for the component.

4.2.1.4 Wiring within the turbine shall comply with the NEC-based wiring requirements in 4.2.2 or IEC-

based wiring

requirements specified in 4.2.3.
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4.2.2 NEC-based wiring requirements

4.2.2.1 Wiring within the WT shall be compliant with applicable articles of the National Electrical Code,
ANSI/NFPA 70, such as:

a) Article 215.2 for minimum rating and size of feeders;
b) Article 300.3(C) for minimum rating of conductors of different systems in same raceway;
c) Article 392 for tray cables;

d) Article 445.13 for ampacity of conductors for generators;

e) Article 455.6 for conductors of phase converters.
4.2.2.2 Theldesigns specified in 4.2.2.1 that are used shall be referenced on the turbine marking plate.
4.2.3 IEC-bpased wiring requirements

4.2.3.1 Wiring supplied with the WT and installed by the manufacturer orinstalled by qualified personnel
in accordancg with the manufacturer's installation procedures shall be referenced on the turbine's marking
plate and sha]l be comply with the following:

a) Wiring integral to the WT shall be of the types .specified in 4.2.1.3, and shall be sized in
accordance with IEC 60364-5-52:2009, Low-voltage-glectrical installations — Part 5-p2: Selection
and e]ection of electrical equipment — Wiring systems;

b) Cutrent-carrying rating shall be based onJEC 60364-5-52:2009, Table B.52.1 to and including
Table B.52.13;

c) Detlating factors for temperatures ‘different that 30°C shall be based on IEC 60364-5-52:2009,
Table B.52.14;

d) Detlating factors for a group*of cable or multi-conductor cables shall be based on I[EC 60364-5-
52:2009, Table B.52.17, Table'B.52.20, and Table B.52.21.

4.2.4 Wiring ampacity verification

4.2.4.1 If the methods.of verifying ampacity cannot be established, a temperature evalugtion shall be
performed.

4242 The : on proven
techniques or a test performed under the condltlons speC|f|ed in 4 2. 4 3-—4. 2 4 5 At the conclusion of the
evaluation, the temperature recorded shall not:

a) Be so high as to constitute a risk of fire;
b) Be so high as to adversely affect any materials employed in the equipment;

c) Exceed the temperature limit for any individual component within the equipment.
4.2.4.3 Protective devices or circuitry shall not trip during the test.

4.2.4.4 For equipment provided with a thermostat or other thermal protective device, temperatures are to
be measured with all parts operating simultaneously since the heating of one part may affect the heating of
another part.
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4.2.4.5 The operating conditions shall include, but are not limited to:

a) Normal conditions,

b) Carrying rated current continuously,

c) Worst case voltage range specified by the manufacturer,

d) Mo

e) Ma

unted as intended in end use, considering worst case scenarios,

ximum surrounding temperature specified by the manufacturer,

f) Until temperatures are constant.

4.2.5 Sepalation of wiring

4251 For
one circuit is

a) Al

b) Th
— eith
Insula

c) W
separ
or

d) Th
jacke
trip th
verifig

4252 Theg
their thermal

4253 Wir
or seal leak,

4254 Wir

the separation of wiring circuits, one of the following methods shall be*used wh

conductors shall be insulated at the highest operation voltage;

b wiring of different voltages shall be grouped and these gfoups shall be separat
er grounded conductive barriers or polymeric barriers<complying with requiren
ting Barriers, of the Standard for Industrial ControlkkEquipment, UL 508;

ring operating at different voltages shall betphysically separated by distang
ation distance is obtained from the highest voltage for two groups (see section

e highest rated voltage system cables-shall be provided with a grounded condu
capable of carrying the maximum fault current in the cable system for the re

d by calculation.

combination of a component and wiring shall not result in the component or wir
ratings.

ng subjected\to-water or oil exposure during normal or abnormal conditions, sug
shall be sditably rated for the condition.

ng subjected to UV exposure during operation shall be rated for exposure to sun

operating at the same or different voltages in the same cable run and’cable duct

en more than

cd by barriers

hents in 37.3,

e, where the
5, Spacings);

ctive shield or
uired time to

e short circuit protective devicexCompliance with the requirement shall be demonstrated or

ng exceeding

h as a gasket

light.

4.2.5.5 Wiring exposed or subjected to wear, abrasion, impact from operation of the turbine, or located in
a user or service person traffic area shall be provided with additional protection to prevent damage to the
electrical insulation.

4.2.5.6 Wiring or cables subjected to cold temperature flexing or twisting shall be rated or evaluated for
the application and operating temperature.

4.2.6 Wiring identification

4.2.6.1 General

426.11

All conductors shall be identified at each termination by coding such as, but not limited to,

letter(s) and or number(s) corresponding with the wiring diagrams provided with the wind turbine.
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4.2.6.1.2 |If color coding is used to identify wiring, one of the color coding systems in 4.2.6.2 or 4.2.6.3
shall be used, and the color coding system shall be referenced in the wind turbine marking:

4.2.6.1.3 Where conductor colors are used for identification and insulated conductors are not readily
accessible, color coding throughout the entire length is not required, but each end and accessible
locations shall be clearly identified, using marking tape or other suitable means that is durable.

Exception: A conductor identified by color as a protective conductor shall never be re-marked to a different
color or used for other purposes.

4.2.6.2 North American color system

4.2.6.2.1 Caglors are coded as follows:
a) Black — all ungrounded power circuit conductors;

b) Red — ungrounded ac control circuits operating at a voltage lesstfian the main operation
voltagg;

c) Blue —ungrounded dc control circuits;

d) Yellow or orange — ungrounded control circuits or other-wiring, that remain energized when the
main disconnect(s) is in the “off” position;

e) White, gray, or three white stripes on a colorkether than green, blue, orange| or yellow —
groungled ac current-carrying control circuit conductor regardless of voltage;

f)  White with blue stripe — grounded dc currept-carrying control circuit conductor;

g) V\:lhite with yellow stripe or white_with orange stripe — grounded ac control dgrcuit current
carrying conductor that remains enerdized when main disconnect switch(s) is in the “off” position;

h) Gfeen — Protective condugctor,
4.2.6.3 Intefnational color system

4.2.6.3.1 Cqglors are coded as follows:
a) Gfeen-yellow combination — protective conductor;

b) Lightblue — neutral conductor;

c) Black—allac and dc power circuits;
d) Red - all ac control circuits;
e) Dark blue — all dc control circuits;

f) Orange — all control and power circuits that remain energized when the main disconnect(s) is in
the “off” position.

4.3 Splices and connections in power cables

4.3.1 Splices in power circuit cables shall be provided with insulation suitable for the circuit in which it is
used, including voltage rating, thermal rating, and mechanical protection.
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4.3.2 Conductor splices shall be rated for the size, type, and number of conductors to which they are
connected.

4.3.3 For connections or splices that do not include a strain relief, a strain relief shall be provided within
24 inches of the spliced connection to prevent tensile forces on the conductors and splice.

4.3.4 Spliced connections in WT power circuits operating at 1000V or less shall be assembled in
accordance with the splice manufacturer’s instructions using the tool specified by the splice connector
manufacturer. The tool shall be calibrated per the manufacturer’s specifications. The assembly operation
shall be performed within the rated installation ambient temperature range as specified by the connector
manufacturer.

435 Fors
comply with
regardless @
subjected to
voltage. The
voltages, Te
performed ug

plice connections in power circuits operating at 1000V or less, the finished a
the applicable testing requirements of the Standard for Wire Connectars, AUl
f the applied voltage. Splice connections operating between 600V and 10
the insulation puncture tests at a test voltage of 2000V plus 2.25_times cir
flashover tests shall be conducted in accordance with insulationpuncture and
5ts A and B (Table 28) of UL 486A-486B, for 600 and 1000 volts. The tes
ing the same conductor type and style in the WT application:

4.3.6 Splic
404, Standa

4.3.7 Termination connectors used in power circuits above 000V shall comply with the req

a) IEEE 48, Standard for Test Proceduresxand Requirements for Alternating-C
Termipations Used on Shielded Cables Having Laminated Insulation Rated 2.5 kV th

or Ex

b) IEH
Abov

4.4 Cable twist loop

441
between rota
conditions of]

4.4.2 Cable
temperature.

If opgration of the wind’ turbine results in the potential twisting of cables — conn

connectors used in power circuits above 1000V shalkeomply with the requiren
for Extruded and Laminated Dielectric Shielded Cable Joints Rated 2.5 kV to §

ruded Insulation Rated 2.5 kV through’500 kV, for high stress control terminatior

p 600 V, for equipment connections such as switchgear.

ting parts (nacelle) and parts of the fixed structure (tower or foundation) — th
use shallnot cause damage to the conductors or their insulation.

s shall" be used within the ratings stated by the cable manufacturer for

5sembly shall
| 486A-486B,
DOV, shall be
Cuit operation
flashover test
ting shall be

hents of IEEE
00 kV.

liirements of:

urrent Cable
rough 765 kV
s, or

FE 386, Standard for Separable‘lnsulated Connector Systems for Power Distribytion Systems

ecting cables
e operational

rotation and

4.4.3 The cable manufacturer's ratings for torsion characteristics shall be used as a basis for
determining the acceptability of the cable in the specific application. Where the cable manufacturer cannot
provide these ratings, a sample that is deemed representative of the conditions to which the cable will be
subjected in the specific application shall be tested.

444 Controls that prevent damage to conductors or their insulation, including rotational limits, shall be
considered part of the Safety Related Controls System evaluation of this document. The control shall be
designed so that resetting to the neutral position is possible. See Section 8, Safety Related Controls
System (SRCS).

445 Where multiple cables are grouped and/or tied together, the assembly loading shall be distributed
so that the individual cables and mounting devices are not subjected to loads that exceed their individual
ratings.
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446 Cable twist loop assembly shall prevent cable contact with and movement against other surfaces
that would cause damage to the cables that could compromise the cable's mechanical and electrical
integrity under all operational modes of the WT.

4.4.7 The support clamps or rings on a cable or cable assembly shall prevent strain and torque from
being transferred to the electrical terminal/termination.

4.5 Bus bars

4.5.1 Bus bars shall comply with (at minimum) one of the following standards. The bus bar operating
conditions shall be within the scope of the selected standard(s):

a) For[bus rated 600 V or less: the Standard for Busways, UL 857
b) For|bus rated more than 600 V: IEEE C37.23, Metal-Enclosed Bus.
c) For|bus rated 1000 V or less:

1) IEC 61439-1, Low-voltage switchgear and controlgear .assemblies — Pait 1: General
rules, and

2) IEC 61439-6, Low-voltage switchgear and controlgear assemblies — Pgrt 6: Busbar
trunking systems (busways).

4.5.2 The cpnductors and components shall comply with‘the applicable standard(s) select¢d in regards
to operating temperature range, environmental conditionsyelectrical isolation, electrical impulse withstand,
and short cirquit withstand capabilities as necessary forthe electrical and environmental confditions within
the turbine.

4.5.3 Vertical power transmission equipment shall be constructed with sufficient mechanical strength to
withstand the|foreseeable mechanical forces (deflection, movement and loading) for its use in accordance
with IEC 614(0-1, Wind turbines — Part-1::Design requirements.

4.5.4 The eyaluation of these vetftical bus bar systems shall account for the following conditipns:
a) Stajic loading on system components;

b) Expected deflection and forces on the transmissions, assemblies, and support structure
resulting from(bending of the tower under anticipated extreme conditions;

c) Expected-force direction and magnitude of displacement of the assembly;

d) Component fatigue, loosening of fasteners;
e) Degradation, wear, deformation and creep of polymeric electrical insulating materials;

f) Loss of intended electrical conductivity or loss of electrical isolation;

Note: Loss of intended conductivity is often the result of loose electrical connections or broken conductors. Loss of
insulation is often the result of worn or broken insulation materials or loss of electrical spacings.

g) Operation for the intended turbine life span or specified maintenance period for the assembly.

h) The assembly noted in (g) may be evaluated by testing, analysis or a combination of the two.

4,55 Scaled testing may be used to represent the complete system specified in 4.5.4.
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45.6 The mechanical and structural suitability of the assembly and supporting members may be
addressed via analysis per the design load case evaluation. In this case, the design load cases shall
specifically include and address the forces on the assembly, subassemblies and components including
insulating and conducting materials.

Note: If the analysis method does not include effects of abrasion/wear and material creep on the polymeric electrical insulation,
testing may be necessary.

4.6 Switchgear

4.6.1 Switchgear and switchgear components shall comply with the applicable standard(s) noted below
for the specific type of switchgear used:

a) Stgndard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear, UL 1558;
b) Stgndard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL|60947-1;

c) Standard for Low-Voltage Switchgear and Controlgear — Part 4:1A: Contactors and Motor-
Startgrs — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,;

d) Standard for Low-Voltage Switchgear and Controlgear — Part.5-2: Control Circuif Devices and
Switching Elements — Proximity Switches, UL 60947-5-2,;

e) Sthndard for Low-Voltage Switchgear and Controlgear — Part 7-1: Ancillary [Equipment —
Terminal Blocks for Copper Conductors, UL 60947-7-1;

f) Stgndard for Low-Voltage Switchgear and Controlgear — Part 7-2: Ancillary [Equipment —
Proteftive Conductor Terminal Blocks for Copper Conductors, UL 60947-7-2;

g) Standard for Low-Voltage Switchgear and Controlgear — Part 7-3: Ancillary Equipiment — Safety
Requ|rements for Fuse Terminal Blocks; UL 60947-7-3;

h) IERE C37.20.2, Standard for Metal Clad Switchgear;
i) IEEE C37.20.3, Standard for Metal-Enclosed Interrupter Switchgear.

j) Standard for Switchboards, UL 891.

4.6.2 Switchgear shallbe rated for the installation location of the component within or outside the turbine.
Enclosures for switchgear shall not have openings on the top surface, unless such openingsjare protected
from falling water and debris.

Exception: CAmr\“ﬂnr\n mav, ha dotorminad o tha annlinahln And nradiint tnct nar tha Standard for

OrpPrarTCC—ay ot GCtCr T CO—via tHc—apPPrcatrc—Crta—or oGa Ct—Cot— o CT—1C

Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50.

Note: Internal turbine environmental conditions often include dripping of water and other non-corrosive liquids, as well as falling dust,
dirt, and other debris. Type 12 or 5 enclosure ratings address the internal environment of most wind turbines.

4.6.3 The service conditions within the tower assembly shall be considered with respect to the normal
service conditions for the type of switchgear installed within the tower. Where the anticipated service
conditions within the tower are more severe than the normal service conditions for the switchgear, these
conditions shall be mitigated, or additional investigation of the switchgear may be required.

Note: As an example, the normal service conditions for metal-clad switchgear are defined in IEEE C37.20.2, Standard for Metal-Clad
Switchgear, to include an ambient air temperature of minus 30 to 40°C. If the anticipated temperature within the tower assembly is
less than minus 30°C, supplemental heating may be required.
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4.7 Panelboards

4.7.1 Panelboards installed within the tower assembly shall comply with the Standard for Panelboards,
UL 67.

4.8 Transformers

4.8.1 Power transformers rated 600 Vac or less shall comply with one of the following standards that is
applicable for the application:

a) Standard for Specialty Transformers, UL 506;

b) Stapdard for Dry-Type General Purpose and Power Transformers, UL 1561;
c) Stapdard for Low Voltage Transformers — Part 1: General Requirements, UL5085-1[
d) Stapdard for Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-2;

e) Stapdard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers{ UL 5085-3.

4.8.2 Dry-type power transformers rated greater than 600 Vac shall camply with the requirements in
a) Stapdard for Transformers, Distribution, Dry-Type — Over600 Volts, UL 1562, or

b) IEQ 60076-11 Power transformers — Part 11: Dry-type transformers.

4.8.3 Overcprrent protection for power transformersxshall comply with Article 240 Part 1X] Overcurrent
Protection OVer 600 V Nominal, of the National Electrical Code, ANSI/NFPA 70.

4.8.4 Instrument transformers shall comply with one or more of the following standards wheifle applicable:
a) IEEE C57.13, Standard Requirements for Instrument Transformers,
b) IEEE C57.13.2, Standard Conformance Test Procedures for Instrument Transformefs,
c) IEEE C57.13.6, Standard Requirements for High Accuracy Instrument Transformerg, and

d) IEQ 61869-1, Instrument Transformers — Part 1: General requirements, and applicable part 2
standards noted.below:

1). IEC 61869-2, Instrument Transformers — Part 2: Additional requirements for current
transformers;

2) IEC 61869-3, Instrument Transformers — Part 3: Additional requirements for inductive
voltage transformers;

3) IEC 61869-4, Instrument Transformers — Part 4: Additional requirements for combined
transformers;

4) IEC 61869-5, Instrument Transformers — Part 5: Additional requirements for capacitor
voltage transformers;

5) IEC 61869-102, Instrument Transformers — Part 102: Ferroresonance oscillations in
substations with inductive voltage transformers;

6) IEC 61869-103, Instrument Transformers — Part 103: The use of instrument transformers
for power quality measurement.
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4.8.5 Cast core transformers shall comply with IEEE C57.12.60, Test Procedure for Thermal Evaluation
of Insulation Systems for Dry-Type Power and Distribution Transformers, Including Open-Wound, Solid-
Cast, and Resin-Encapsulated Transformers.

Note: the IEC 60085 (Electrical insulation — Thermal evaluation and designation) alternative use of relative thermal endurance index
(RTE) to assign a temperature rating shall not be used in place of the long term aging testing.

4.8.6 Oil-filled transformers shall comply with:

a) IEEE C57.12.00, General Requirements for Liquid-Immersed Distribution, Power, and
Regulating Transformers or

b) IEG-666#6-41Pewertranstormers—ParttGenerak-and
¢) The applicable IEC 60076 part 2 standards identified below:.

1) IEC 60076-2, Power Transformers — Part 2: Temperature rise for liguid-immersed
transformers;

2) IEC 60076-3, Power Transformers — Part 3: Insulation levels; dielectric testg and external
clearances in air;

3) IEC 60076-4, Power Transformers — Part 4.~-Guide to the Lightning [Impulse and
Switching Impulse Testing - Power Transformers@nd’Reactors;

4) IEC 60076-5, Power Transformers — Part §: Ability to Withstand Short Circu

—

5) IEC 60076-6, Power Transformers —Part 6: Reactors;

6) IEC 60076-7, Power Transformers — Part 7: Loading guide for oil-imnjersed power
transformers;

7) IEC 60076-10, Power Trahsformers — Part 10: Determination of Sound Levs

S,
8) IEC 60076-11, PowerTransformers — Part 11: Dry-type transformers;

9) IEC 60076-42;*Power Transformers — Part 12: Loading guide for dry-type power
transformers;

10) IEC80076-13, Power Transformers — Part 13: Self-protected liquid-filled transformers;

11)<IEC 60076-14, Power Transformers — Part 14: Liquid-immersed power| transformers
using high-temperature insulation materials;

12) IEC 60076-15, Power Transformers — Part 15: Gas-filled power transformers;

13) IEC 60076-16, Power Transformers — Part 16: Transformers for wind turbine
applications;

14) IEC 60076-18, Power Transformers — Part 18: Measurement of frequency response;

15) IEC 60076-21, Power Transformers — Part 21: Standard requirements, terminology, and
test code for step-voltage regulators.

4.8.7 Autotransformers shall comply with the applicable standard:
a) Standard for Dry-Type General Purpose and Power Transformers, UL 1561;

b) Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1;
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c) Standard for Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-2;
d) Standard for Industrial Control Equipment, UL 508.
e) IEC 60076-1, Power transformers — Part 1: General; and the applicable IEC 60076 part 2
standards identified in 4.8.6 (c).

4.9 Hub

4.9.1 Assemblies and components subjected to forces of rotation, acceleration, and deceleration shall be

constructed of sufficient mechanical strength to withstand the foreseeable mechanical forces to which they
may be subjected under normal and abnormal operation, including emergency shutdown. The design load

case calculafions from I[EC 61400-1, Wind turbines — Part 1. Design requirements, may

address this
the hub comp

4.9.2 Toprg
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requirement provided the calculations specifically include the rotational forces
onents.

vent damage by loose materials, electrical components shall be housed in elect

hdard for Industrial Control Equipment, UL 508,

hdard for Adjustable Speed Electrical Power Drive Systéems — Part 5-1: Safety R
trical, Thermal, and Energy, UL 61800-5-1, or

ndard for Inverters, Converters, Controllers and)lnterconnection System Equip
istributed Energy Resources, UL 1741.

low voltage converter or inverter that performs functions directly related t
all comply with one of the standards noted in (b) — (f) below but shall also inG
ts. Medium voltage converters shall comply with (g) or (h). Where a converter o
o multiple power sources, such as but not limited to the EPS, the turbine ge
e, the converter or inverter shall be tested to include those multiple sources
conditions. A connection to a power source that cannot result in fault current in
(during inverter or converter internal faults) may be excluded. One examp
a control circuit-to a power generation device.

pfed,

hdard-for Inverters, Converters, Controllers and Interconnection System Equip

. The enclosures shall comply with the applicable enclosure requiféments of the;

!

be used to
imparted on

rical cabinets

equirements
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b WT power
lude multiple
rinverter has
eration, and
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0 an inverter
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With

istributed I:nnrgy F?ncmlrm:e, il 1741;

c) Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements

—Elec

trical, Thermal and Energy, UL 61800-5-1;

d) Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-2: Safety Requirements
— Functional, UL 61800-5-2;

e) Standard for Safety of power converters for use in photovoltaic power systems — Part 1: General
requirements, UL 62109-1; or

f) IEC 62477-1, Safety requirements for power electronic converter systems and equipment — Part
1: General.

g) IEC 62477-1, Safety requirements for power electronic converter systems and equipment — Part
1: General, and IEC 62477-2, Safety requirements for power electronic converter systems and
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equipment — Part 2: Power electronic converters from 1 000 V AC or 1 500 V DC up to 36 kV AC or
54 kV DC; or

h) Standard for Safety for Medium Voltage Power Conversion Equipment, UL 347A.

Exception: UL 1741 requirements specified for compliance with IEEE 1547, Interconnecting Distributed
Resources with Electric Power Systems, and |IEEE 1547.1, Conformance Test Procedures for

Interconnecting Distributed Resources with Electric Power Systems are not required to be addressed.

4.1

4.11.1 Ligh

Lightning protection systems

ning protection systems on a WT shall comply with Chapter 9, Wind Turbi

ne Generator

Systems, of
Turbines — P

4.11.2 Surd
1449, or IE
connected to

Note 1: These
operating voltag

Note 2: Main pg
devices have a

NFPA 780, Standard for Installation of Lightning Protection Systems or IEC 61
art 24: Lightning protection.

C 61643-11, Low-voltage surge protection devices — Part 11: Surge prote
low-voltage power systems — Requirements and test methods.

evices should have a maximum continuous operating voltage (MCOV)-equal to or greater than t
e, including voltage ride through voltages.

Wwer circuits are typically protected by IEC 61643-11 (Class 1 0r/Class 2) and UL1449 (Type 1 or T]
POKA rating. Some of these devices require the use of specific overcurrent protection.

4.12 Sliprings
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Exception: M
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41212 Sl

a) Cq
Contd

General

p rings used for transmission of:power, control, or signal circuits within rotatin
ine shall be evaluated to the fequirements of the Standard for Industrial Contr
EC 60204-1, Safety of(machinery — Electrical equipment of machines — Pg

otor and generator slip rings shall be evaluated to the specific component star
n this section;

p rings fated above 1500V shall be evaluated by either:

nstruction using the spacings requirements from the Standard for Mediun

100-24, Wind

e suppression components shall comply with the Standard for Surge_Protectivg Devices, UL

ctive devices

he highest circuit

ype 2) and these

j elements of
bl Equipment,
rt 1: General

dard and are

n-Voltage AC

r~tnrc1 r‘nntrnllorc, and Control ("nntnrc1 L QA7’ and-the test rnqnirnmnnte from

the Standard

for Industrial Control Equipment, UL 508, based upon the intended operating voltage; or

b) IEC 60204-11, Safety of machinery — Electrical equipment of machines — Part 11: Requirements
for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not exceeding 36 kV.

4.12.1.3 Temperature tests specified in the standards referenced in 4.12.1.2 shall be conducted with the
unit rotating as intended in its end-use installation as well as in a fixed position.

4.12.1.4 The slip ring circuits and ground paths shall have short circuit ratings equal to or greater than
the overcurrent protection provided in the end-use installation or shall withstand fault current levels in
accordance with the following standards:

a) Standard for Industrial Control Equipment, UL 508,
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b) IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: general
requirements,

c) IEC 60204-11, Safety of machinery — Electrical equipment of machines — Part 11: Requirements
for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not exceeding 36 kV.

412.2 Slip

4.12.2.1

ring overload

The slip ring is to be mounted and enclosed to represent its end application, and the unit is to be

tested with a load current and time duration as indicated in 4.12.2.2. The unit shall be tested at rated
voltage +15 percent. The slip ring shall not show evidence of ignition, sealant leakage, cracking, breakage,

or similar phy
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4.13.2 Gearpox wiring*shall comply with the Standard for Industrial Control Equipment, Ul

Wiring.

414 Hoists
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a slip ring with overcurrent protection, the overload current is to be tied.to the “overload”

applied for a
type used to
the circuit for

a 1.45 overload
rs and depends

2.2 shall be
e circuit, plus
7 hours.

he Dielectric
shall be no

the Standard
plant pumps,

508, or 4.2,

-and-winches

is applicable only to hoists and winches for tools, supplies, and materials.

4.15 Fire protection

4.151

Hoists and winches shall comply with the requirements of the Standard for Hoists, UL 1340, which

Control panels that incorporate fire alarm functions shall comply with the Standard for Control

Units and Accessories for Fire Alarm Systems, UL 864. Unless otherwise characterized by the WT
manufacturer’s specifications, the fire alarm systems of a WT are considered to be for the purpose of
property protection only, as defined by NFPA 72, National Fire Alarm and Signaling Code.

Note: NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants and High Voltage Direct Current
Converter Stations, Chapter 10, Identification and Protection of Hazards for Wind Turbine Generating Facilities, provides guidance
for WT fire protection systems.
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4.16 Emergency stop functionality for personnel protection

4.16.1

requirements of:

Emergency stop functionality for personnel protection shall be provided and comply with the

a) Section 8, "Control and protection system," in IEC 61400-1, Wind turbines — Part 1: Design
requirements, and

b) Section 9.2.5.4, "Emergency Operations (Emergency Stop Emergency Switching Off)", in NFPA

79, El

ectrical Standard for Industrial Machinery.

4.16.2 Activation of the emergency stop shall initiate the shutdown sequence that will bring all movement

of the WT to

Note: Activation|
WT or for the W1

4.16.3 The
isolate the W
for personng
stop, shall ng
The switch fU

Exception: T

a) Tl
asselr

b) Th

c)Th

4.16.4 An actuator may be provided {o de-energize and isolate the WT power productior

the EPS con
tower and ug
WT. As a pa

deactivated ¢xcept lighting, communications, and SRCS circuits, which may remain energiz

isolated from

4.16.5 The

b standstill per [EC 61400-1, Wind turbines — Part 1: Design requirements.

of the brake may be applied at any convenient time when such activation does not increase.the h
[ structure.

WT shall be provided with a suitable disconnect switch function that can

| and/or turbine protection. The disconnection from the EPSy/as initiated by th
t rely on the control system as defined in Section 8, Safety Related Controls Sy
nction may be implemented via multiple contactors or-switching devices.

he EPS disconnect is not required to be a part ofithe WT if the WT is marked to i

at the EPS disconnect means is required to be provided and installed
hbler/installer,

b Jocation of the EPS disconnect meahns, and

bt the electrical requirements forthe EPS disconnect means shall be provided.

hection. If provided, these actuators shall be clearly marked and shall be locat
tower. When activated, the EPS disconnect actuator shall de-energize all mair
t of this functionality, all electrical power to power production circuits and equip,

the powerproduction circuits.

emergency stop shall meet the following requirements:

b
T from the EPS. Disconnection from the EPS may be initiated\as part of the erI

hzard level in the

operated to
ergency stop
e emergency
stem (SRCS).

hdicate:

by the field

circuits from
pd both down
power to the
ment shall be
ed if they are

a)lts

b) Power or energy to the moving parts, which causes a hazardous condition(s), shall be removed
as quickly as possible without creating other hazards (e.g., rotors pitching to reduce hub rotation),

and

c) The reset of the command shall not restart the machinery but only permit restarting.

4.16.6 The

4.16.7
have been m

4.16.8 The

reset of the stop function shall not initiate any hazardous conditions.

anually reset.

emergency stop actuator shall comply with:

It shall not be possible to restart the WT until all emergency stop or emergency off commands
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a) Sta

ndard for Industrial Control Equipment, UL 508, and

b) IEC 60947-5-5, Low-voltage switchgear and control gear, Part 5-5: Control circuit devices and
switching elements — Electrical emergency stop device with mechanical latching function.

4.16.9 Emergency stop actuators shall comply with Category 0 or Category 1 stop function requirements
for a machine control system as defined in NFPA 79, Electrical Standard for Industrial Machinery. They

shall be rated

for minimum 10,000 operations.

4.16.10 Following engagement, the emergency push button/actuator shall remain in the engaged

position.

Note: this is the |

4.16.11
around push
YELLOW. Th

ACtI

EC definition of self-latching type.

ators of emergency stop devices shall be colored RED. The background
uttons and disconnect switch actuators used as emergency stop devices sha
b actuator of a pushbutton-operated device shall be of the palm ar mushroom-h

shall affect ap emergency stop when depressed. The RED/YELLOW color combination shal

exclusively fo
417 Cable

4171 Cabl
378 of the Ng

Exception: Se

417.2 Meta
and shall com

418 Hydra

4.18.1 Hydn
pressures of

4.18.2 Ther
means opera
hydraulic fluig
and systems
pressure con

419 Altern

4.19.1 Rota
a) Sta

b) Sta

I emergency stop or emergency off applications.
trays and wireways

b trays shall comply with Article 392, and wireways shall comply with Article 3
fional Electrical Code, ANSI/NFPA 70.

paration per NEC Article 392.20 is not required if the wiring method complies wi

llic cable tray and wireway assemblies shall be investigated for bonding betw
ply with the mechanical evaluation for bus bars in 4.5.1.

Llic electromechanical components

hulic electromechanical components shall be rated for the normal and foreseea
bperation.

b shall be no-risk of fire, electric shock, or injury to persons as a result of the p
fion. Pressure relief means and system drains shall be located so as not to al
to fall\spray, leak, or drip on electrical components and systems, unless these
are.rated for exposure to the hydraulic fluid including the foreseeable rang
jitions.

immediately
Il be colored
cad type and
be reserved

76 or Article

th 4.2.5

een sections

ble abnormal

ressure relief
low released
components
e of release

ators, generators and motors

ting machines shall comply with one of the following:
ndard for Rotating Electrical Machines — General Requirements, UL 1004-1;

ndard for Impedance Protected Motors, UL 1004-2;

c) Standard for Thermally Protected Motors, UL 1004-3;

d) Sta

e) Sta

ndard for Electric Generators, UL 1004-4;

ndard for Servo and Stepper Motors, UL 1004-6;
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f) Standard for Electronically Protected Motors, UL 1004-7;
g) Standard for Inverter Duty Motors, UL 1004-8;

h) IEC 60034-1, Rotating Electrical Machines — Part 1: Rating and performance, and the applicable
part 2 standards:

1) IEC 60034-2-1, Rotating Electrical Machines — Part 2-1: Standard methods for
determining losses and efficiency from tests (excluding machines for traction vehicles);

2) IEC 60034-2-2, Rotating Electrical Machines — Part 2-2: Specific methods for determining
separate losses of large machines from tests;

3) IEC 60034-2A, Rotating Electrical Machines — Part 2: Methods for determining losses
and efficiency of rotating electrical machinery from tests (excluding machirig¢s for traction
vehicles) Measurement of losses by the calorimetric method;

4) IEC 60034-3, Rotating Electrical Machines — Part 3: $pécific requirements for
synchronous generators driven by steam turbines or combustioh'gas turbines;

5) IEC 60034-4, Rotating Electrical Machines — Part.4: Methods forl determining
synchronous machine quantities from tests;

6) IEC 60034-5, Rotating Electrical Machines — Rart 5: Degrees of protection provided by
the integral design of rotating electrical machines (IP code);

7) IEC 60034-6, Rotating Electrical Machines - Part 6: Methods of Cooling (IC|{Code);

8) IEC 60034-7, Rotating Electrical Machines — Part 7: Classification [of Types of
Construction, Mounting Arrangements' and Terminal Box Position (IM Code);

9) IEC 60034-11, Rotating Electrical Machines — Part 11: Thermal protection;

10) IEC 60034-12, Rotating Electrical Machines — Part 12: Starting performahce of single-
speed three-phase cage’induction motors;

11) IEC 60034-14; Rotating Electrical Machines — Part 14: Mechanical vibrafion of certain
machines with shaft heights 56 mm and higher — Measurement, evaluation| and limits of
vibration severity,;

12) IEC\60034-15, Rotating Electrical Machines — Part 15: Impulse voltage withstand levels
of ferm-wound stator coils for rotating a.c. machines;

13) IEC 60034-16, Rotating Electrical Machines — Part 16: Excitation| systems for
synchronous machines — Definitions;

14) IEC 60034-18-1, Rotating Electrical Machines — Part 18-1 Functional evaluation of
insulation systems — General guidelines;

15) IEC 60034-18-21, Rotating Electrical Machines — Part 18-21 Test procedures for wire-
wound windings — Thermal evaluation and classification;

16) IEC 60076-18-31, Rotating Electrical Machines — Part 18-31: Functional evaluation of
insulation systems — Test procedures for form-wound windings — Thermal evaluation and
classification of insulation systems used in rotating machines;

17) IEC 60034-18-32, Rotating Electrical Machines — Part 18-32: Functional evaluation of
insulation systems — Test procedures for form-wound windings — Evaluation by electrical
endurance.
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18) IEC 60034-18-34, Rotating Electrical Machines — Part 18-34: Functional evaluation of

insulation systems — Test procedures for form-wound windings — E
thermomechanical endurance of insulation systems;

19) IEC 60034-18-41, Rotating Electrical Machines — Part 18-41: Partial di
electrical insulation systems (Type 1) used in rotating electrical machines fed
converters — Qualification and quality control tests;

20) IEC 60034-19, Rotating Electrical Machines — Part 19: Specific test met
machines on conventional and rectifier-fed supplies;

21) IEC 60034-26, Rotating Electrical Machines — Part 26: Effects of unbalan

valuation of

scharge free
from voltage

hods for d.c.

ced voltages

4.20 Motor

4.20.1
voltage differ
intended app

a) Del

b) Sta

onthe nerformance of three-.nhase caae induction maotors:
g g 4 7

22) IEC 60034-28, Rotating Electrical Machines — Part 28: Test methods|fof
quantities of equivalent circuit diagrams for three-phase low-voltage cage indug

23) IEC 60034-29, Rotating Electrical Machines — Part 29:nEquivalent
superposition techniques — Indirect testing to determine temperature rise;

24) IEC TS 60034-17, Rotating Electrical Machines — Part 1. Cage induction
fed from converters — Application guide.

drives

A motor drive assembly that supplies power to_control a motor(s) operating at a

ent than that of the input supply shall have electrical and environmental rg
ication and comply with one of the following standards:

pted

ndard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety R

determining
tion motors;

loading and

motors when

frequency or
tings for the

equirements

equirements

pment — Part
pment — Part
systems and

— Eledrical, Thermal and Energy,~UL 61800-5-1;

c) Stapdard for Adjustable Speed Electrical Power Drive Systems — Part 5-2: Safety R
— Fungtional UL 61800-5-2;

d) IEQ 62477-1, Safety’requirements for power electronic converter systems and equi
1: General.

e) IEQ 62477-1, Safety requirements for power electronic converter systems and equi
1: Geperal,,and IEC 62477-2, Safety requirements for power electronic converter
equipment — Part 2: Power electronic converters from 1 000 VAC or 1 500 V DC up td
54 kV DC; or

36 kVAC or

f) Outline of Investigation for Medium Voltage Stator Switching Assemblies for Wind Applications,
Up to 15KV, UL 347D.

Note: Motor drives are not considered to be directly related to WT power generation, which is addressed in Converters/inverters,

4.10.

4.20.2 Motor drives that perform safety-related functions may be subjected to additional requirements as
defined in Section 8, Safety Related Controls System (SRCS).

4.21

Energy storage units

Note: This section addresses equipment safety issues and does not address the worker safety requirements that are covered by

other documents
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4.21.1 Gen

42111
standards as

eral

applicable:

a) Standard for Standby Batteries, UL 1989, or

Batteries used as energy storage shall comply with the requirements in one of the following

b) Standard for Batteries for Use in Light Electric Rail (LER) Applications and Stationary
Applications, UL 1973.

4.21.1.2 Energy storage capacitors shall comply with the applicable requirements of the Standard for
Electrochemical Capacitors, UL 810A.

4.21.1.3 Lit}wium batteries shall comply with the applicable requirements of the Standardf
and Commeicial Batteries, UL 2054.
4.21.1.4 Vgnted or wet-cell type batteries shall be used in orientations that prevent electro

normal and fi

42115 Vs
Standard for
1973.

42116 En

breseen abnormal, motion vibration and rotation.

nted or wet-cell type batteries shall be mounted within ventilated areas comp
Batteries for Use in Light Electric Rail (LER) Applications and Stationary Ap

ergy storage devices mounted in moving parts. of the WT (e.g., nacelle or hub

type not adversely affected by the anticipated motion and-eonditions of use.

4.21.1.7 En
shall comply
sufficient cap
421.1.8 TH

42119 A

ergy storage devices intended to provide power for protective functions or brg
with the Capacity Test in the Standard for Standby Batteries, UL 1989, and
acity to perform the protective function or braking action.

e energy storage unit intended to be used inside a WT shall be provided with the

battery supply contained in a remote cabinet that is investigated separately

included in tihe investigation of a"WT — shall comply with the applicable requirements of the
le Power Supplies, UL 1778, or Standard for Safety of power converteds for use in

Uninterruptib
photovoltaic
intended for
protection in

g

J

4.21.1.10

power systems — Part 1: General requirements, UL 62109-1. An input or oy
the connection of a separate, external battery supply shall be provided wit
accordance with the requirements of UL 1778.

or Household

lyte loss from

ying with the
blications, UL

shall be of a

king systems
demonstrate

WT.

— that is not
Standard for

tput of a WT
N overcurrent

ubassemblies providing uninterruptible power supply functions shall conj

ply with the

applicable requirements of:

a) Standard for Uninterruptible Power Supplies, UL 1778, or

b) Standard for Safety of power converters for use in photovoltaic power systems — Part 1: General
requirements, UL 62109-1, or

c) IEC 62040-1, Uninterruptible power systems (UPS) — Part 1: General and safety requirements
for UPS, or

d) Standard for Energy Storage Systems and Equipment, UL 9540.

The energy storage system shall be evaluated for special environments, if required in the intended end
use application. The energy storage system shall be evaluated for safety related functions, if other safety
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related functions in the WT is dependent on the power provided by the energy storage system to ensure
the overall safety performance of the WT.

4.21.2 Battery mounting

4.21.2.1

A battery shall be located and mounted so that its terminals are prevented from contacting the

terminals of adjacent batteries or metal parts of the battery compartment should the battery shift.

4.21.2.2 The casing of a battery installed in a rotating hub shall comply with the requirements of an
electrical enclosure, or the battery shall be mounted inside an electrical enclosure to prevent damage to
the battery from loose parts in the rotating hub.

42123 To
mounting me
4.21.2.4 and

reduce the risk of electrolyte leakage resulting from battery case damage
ans, a battery mounting means shall not cause undue stress to the (batten
1.21.2.5.

42124 Al
the top, sides
other constry
brackets or st

a)Ab

b) A metal bracket or strap with a flexible, foamed, or. similar material between the bra

and th

c) A
specif

42125 WH
4.21.2.4 (c), t

a) Din

b) Slig

42126 An
away from co

4.21.2.7 An

, or both of the battery shall not cause undue compression ta\the walls of the 4
ctions may be accepted if they are determined to be equivalent, the follow
raps meet the intent of this requirement:

racket or strap constructed of a nonrigid polymeric material,

e battery walls, and

by a battery
y case. See

attery mounting means consisting of a bracket, strap, or similar tneans that exfends around

attery. While
ing types of

cket or strap

metal bracket, which when tightened as intended, provides a clearance (minimum not

ed) between the bracket and the battery walls. See 4.21.2.5.

ere determining the adequacy.-of the clearance for the mounting means
he following factors shall be taken into consideration:

ensional tolerances of the’bracket and overall dimensions of the battery case, a

ht increase of the'oyerall dimensions of the battery after use.

netal case or.container of a battery, such as an alkaline battery, shall be insulat
htact with dninsulated live parts of the assembily if such contact may resultin a s

described in

hd

bd or spaced
hort circuit.

enclosure or compartment housing batteries employing metal containers or ¢

conductively
spaced from

each othe
battery supply after installation.

4.22 Disconnect devices

4.221

ases that are

Each supply source of the WT shall be provided with a lockable disconnect that positively

prevents the startup and operation of the circuit. Sources typically include the Area EPS or Local EPS and

generator.

Note: A rotor lock is considered a suitable means to lockout and de-energize the generator. Some turbine types may require multiple
disconnects to de-energize the system and all of its components.

4.22.2

In addition to the requirements of 4.22.1, a system-by-system review shall be completed to

determine if additional lockable disconnects are necessary. Systems that require lockable disconnects are
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those that require repair or maintenance with the main supplies energized, such as motors and heaters. A

review of the

service and maintenance manuals shall be used to assist in this review.

4.22.3 When a disconnection device is provided, it shall:

a) Open all ungrounded conductors,

b) Be a manually-operated switch or a motor-operated switch with provisions for manual operation,

c¢) Require provisions for locking in the open position, and

d) Be marked to identify the disconnect device, switch, or breaker for the specific power circuits.

4.23 Batte

'y charge controllers

bry charge controllers shall comply with one of the following standards;
ndard for Power Units Other Than Class 2, UL 1012,

ndard for Inverters, Converters, Controllers and Interconnection System Equig
Distributed Energy Resources, UL 1741, or

ment for Use

c) Standard for Batteries for Use in Light Electric Rail* (LER) Applications amd Stationary

4.23.1 Batt
a) St
b) St4
With
Appli
4.24 Mediy
4241 As
applied to cir
4242 Aw

medium voltage equipment shall incorporfate provisions for disconnection of the medium voltz

4.24.3 An
electrical clo
equipment is

Note 1: This re|
actuate a discor]

Note 2: The Sta

ations, UL 1973.
m voltage disconnection means

oted in 4.1.1, for the purpose of this.standard the medium voltage requireme
Cuits that operate at greater than 1000VVac and 1500 Vdc nominal.

nd turbine that is large enough for service personnel to enter the structure

blectrical actuator, leck out device, or similar type equipment that opens
sing of the medium~voltage disconnect, shall be located in the nacelle if mg
present either in the nacelle or in the tower of the wind turbine.

Huirement is_ihtended to provide a means, located within the nacelle, to disconnect medium vo
nect devicenot located in the nacelle.

nts are to be

and contains
ge supply.

and prevents
dium voltage

tage supplies or

1dard for Electrlcal Safety i in the Workplace, NFPA 70E, |nc|udes worker safety reqwrements includ

access to enerdi

ing prevention of
ive keys. These

interlock requirements are intended to prevent access or service in medium voltage compartments when the equipment is energized.

Circuits that can

be electrically fed from two or more sources may need additional protection.

4.24.4 De-energizing the medium voltage equipment shall also discontinue the wind turbine power

production.

4.25 Heating and cooling equipment

4.25.1

Equipment, UL 1995.

4.26 Wind turbine tower elevators

4.26.1

Wind turbine tower elevators shall comply with:

Heating and cooling equipment shall comply with the Standard for Heating and Cooling
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a) ASME A17.1-2013/CSA B44-13, Safety Code for Elevators and Escalators — Includes
Requirements for Elevators, Escalators, Dumbwaiters, Moving Walks, Material Lifts, and
Dumbwaiters With Automatic Transfer Devices, or
b) The electrical requirements in 5.7.19, Operating Devices and Control Equipment, of ASME
A17.1-2010/CSA B44-10, Safety code for elevators and escalators.

5 Spacings

5.1 Spacings within components or equipment shall be in accordance with the requirements of the

standard for those specific components or equipment. The spacings requirements in 5.2

applicable for components and equipment within the WT equipment.

2 — 5.5 are

5.2 Notwithgtanding 5.1, the electrical spacings within WT equipment rated 1500 V orless
with the spacings requirements in the:

a) Stapdard for Industrial Control Equipment, UL 508, or

b) Standard for Adjustable Speed Electrical Power Drive Systems —Rart 5-1: Safety R
— Electrical, Thermal and Energy, UL 61800-5-1.

5.3 Paragraph 5.2 references the Standard for Insulation Goerdination Including Cle
Creepage Disgtances for Electrical Equipment, UL 840, and IEC 61800-5-1, Adjustable spe
power drive gystems — Part 5-2: Safety requirements — Functional, as a means to determir

shall comply

equirements

Arances and
bed electrical
e alternative

spacings requirements that account for product, installation, and application-specific conpditions. The

requirements|in 5.4 and 5.5 define the base line Pollution“Degree and Overvoltage Categon
shall be used when applying UL 840 or the IEC 60664,-(Insulation coordination for equipme
voltage systems) series of standards.

5.4 Pollution Degree 3 is to be applied to determine creepage spacings in general locations
turbine. Pollution Degree 4 shall be applied to creepage spacings where conductive pollu
brush dust or[brake dust may be present:

Exception: Steps can be taken<to control or reduce the pollution degree at the creepage
design featurgs or the consideration of the operating characteristics of the product. Pollution
be achieved by reducing the'\possibilities of debris accumulation and condensation or high ht

creepage disfance. Polldtion Degree 2 can also be achieved through filtered ventilation ang
prevent condgnsation~Continuous application of heat, through the use of heaters or continuo
of the equipment. when it is in use, can be used to control condensation. Continuous

ex:st When the eqUIpment is operated W/thout /nterrupt/on every day and 24 hod

considered tg

y for WT that
ht within low-

within a wind
tion such as

distance by
Hegree 2 can
umidity at the
| @ means to
S energizing
bnergizing is
rs per day or

condensatlon occeurs.

the point that

5.5 Overvoltage Category IV shall be applied to determine clearance spacings unless supplemental
surge protection is employed as described in 5.6.

Note: Direct or nearby lightning strikes can induce high over voltage conditions in EPS circuits and wind turbine circuits throughout
the hub, nacelle, and tower. Surge protective devices, if used, shall be installed in close proximity to the equipment being protected.

5.6 In accordance with 6.3 and as defined by the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, or IEC 60664-1, Insulation
coordination for equipment within low-voltage systems — Part 1: Principles, requirements and tests,
clearance distances may be reduced through the use of surge protective devices (SPDS) that limit
overvoltage circuit conditions. When an overvoltage protective device is used, it shall comply with the
requirements in the Standard for Surge Protective Devices, UL 1449. To reduce circuits below Overvoltage
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Category |V, surge protective devices shall be provided both down-tower to protect from EPS surges and
up-tower to protect from atmospheric discharges. The WT shall incorporate a means to indicate the failure
of surge protective devices relied upon to reduce clearances.

5.7 Where the operating voltage is not apparent due to switching circuits or buck boost circuits, the
product spacings shall comply with the worst case operating voltages for that portion of the circuit as
determined by the Maximum-Voltage Measurements Test in the Standard for Inverters, Converters,
Controllers and Interconnection System Equipment for Use With Distributed Energy Resources, UL 1741.

5.8 For circuits operating above 1500 Vac to 7200 Vac, the electrical through-air and over surface
spacings shall be not less than those indicated in the Standard for Medium-Voltage AC Contactors,

Controllers, and Control Centers, UL 347

5.9 For cirg
not less than
Centers, UL
withstand teg

uits operating above 7200 Vac, the electrical through-air and over surface\spa
those indicated in the Standard for Medium-Voltage AC Contactors, Controllers
347. Spacings shall be increased to meet the required dielectric “voltage
ts based on the voltage of the circuit.

5.10 As an alternative to 5.8 and 5.9, and unless otherwise specified by specifi

requirements
coordination

a) IEC

b) IEC
5.11 Whersg
such install

between uni
Clearance off

6 Compon

Note: This secti

within this standard, the following standards shall beused for evaluating
requirements for specific wind turbine equipment:

[ 60071-1, Insulation co-ordination — Part 1: Definitiéns, principals and rules, ang

[ 60071-2, Insulation co-ordination — Part 2: Application guide.
field-fabricated installations are to bemade for circuits rated 2400 V or more
ion shall be made so that the minimum air spacings between uninsulated |

sulated live parts and grounded parts is not less than the values in Table 490
Live Parts, of the National Electrical Code, ANSI/NFPA 70.

pnts and Circuits Rated or Operating between 601V and 1000V

n is intended to provide‘guidance for the evaluation of components operating between 601 Vac and

cings shall be
, and Control
and impulse

~
L

component
he insulation

provision for
ve parts and
24, Minimum

1000 Vac:

a) When using standards_complying with the applicable UL equipment and component standards that include a scope limit
of 600Y, and
b) Where existing)UL standards do not already exist for the application.
6.1 Compophentsfor use in WT applications operating between 601 Vac and 1000 Vac shall be evaluated
per Q - M when:

a) There is an absence of a component standard for greater than 600V use, and

b) There are published component requirements for 600V use, and they are applied as defined by
this section.

6.2 Spacings for components operating between 600 Vac and 1000 Vac shall comply with Table 6.1
unless the individual 600V component standard spacings are greater than the values in the table. If so, the
individual 600V component standard spacings shall be applied.

Note: This requirement addresses components such as circuit breakers with larger service spacings.
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Table 6.1
Minimum spacings

Minimum spacings,
Potential involved, 601 — 1000 volts Location inches (mm)
Between any uninsulated live part and an uninsulated Through air 0.55 (14.0)
live part of opposite polarity, an uninsulated grounded .
part other than the enclosure, or an exposed metal Through oil 0.45 (11.4)
part Over surface air 0.85 (21.6)
Over surface oil 0.62 (15.7)
Between any uninsulated live part and the walls of a Through air or oil 0.80 (20.3)
metal enclosure, including fittings for conduit or
armored cable oversurface 1700 (25.4)

6.3 If spacings in the individual 600V component standard (for components operating betwleen 601 and
1000 volts) are less than the values indicated in Table 6.1:

a) Thg spacings in Table 6.1 shall be applied, or

b) Theg individual 600V component standard spacings shall be applied, if the Overvoltage Category
and Pollution Degree of the component installation location (within the wind turbine eqlipment), are
such that the 600V component standard spacings are equalto or greater than the 601 — 1000V
system specific spacings required in 5.3.

Note: This requirbment addresses components such as heaters with smaller industrial-control based spacings.

6.4 All testq shall be performed as required by the individual component standard except the applied
input voltage ghall be based on the component nominal operating voltage.

7 Grounding

7.1  WT and|subassemblies shall be(provided with a field grounding connection means thaf{ is compliant
with both the National Electrical, Code, ANSI/NFPA 70, and the Standard for Inverters| Converters,
Controllers and Interconnection System Equipment for Use With Distributed Energy Resourcgs, UL 1741.

7.2 Grounding within the\WT'shall be compliant with the standards applied for the constructipn evaluation
specified in 4]1.2.

8 Safety Rglated'Controls System (SRCS)

Note: IEC 61400-1"Windturbines — Part 1T Design Tequirements, defines Severar critical controfs andprotection functions that
require evaluation to maintain the turbine within its mechanical and structural limitations. This includes the evaluation of electrical
control and protection functions, limits, operation, and response times during normal, abnormal, and failure conditions that are
specified in 8.2 and 8.3.

8.1 General

8.1.1 The Safety Related Controls System (SRCS) described and addressed within this document
embodies the "Controls System" and "Protection System" functions defined in IEC 61400-1, Wind turbines
— Part 1: Design requirements. The SRCS functions and evaluation required for the control system and
protection system, shall include the electrical controls and actuation circuits and components associated
with the "Braking System" as defined in IEC 61400-1 up to and including the electro-mechanical interface
components. As required by UL 6141 and also IEC 61400-1, these electrical control and protection
functions shall be evaluated for proper operation during normal and abnormal failure conditions.
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8.1.2 The WT controls functions identified in IEC 61400-1 shall additionally be evaluated to any safety
critical parameters identified through the risk analysis to maintain the turbine within the structural
mechanical limits identified through the IEC 61400-1 evaluation. A control or protection system response
is required to occur when the WT operating parameters reach a specific limit or activation level. The
operational limits are programmed into the WT SRCS, and the operational parameters are specified in the

manufacturer’s documented ratings for the equipment.

8.2 Protection functions

8.2.1

The WT protection functions identified in IEC 61400-1, Wind turbines — Part 1: Design

requirements, shall be evaluated in addition to any safety critical parameters identified through the risk

analysis to maintain the turbine within the structural mechanical limits identified through the IEC 61400-1
evaluation.
8.2.2 Additional protection functions that are determined necessary to mitigate a risk.of elgctric shock or

fire shall be ¢

8.2.3 Comy
(b) below:

a) On

b)Re

8.24 Inac
combinationg
testing. By d
operation of
common cau

valuated in accordance with the requirements of this section.

liance with 8.2.1 and 8.2.2 shall be achieved by demonstrating compliance wit

e of the following:

1) IEC 62061, Safety of machinery — Functional safety of safety-related electri
and programmable electronic control systems;

2) IEC 61508, Functional safety of electrical/electronic/programmable eleg
related systems — Part 1: General requirements; or

3) 1ISO 13849, Safety of machinery — Safety-related parts of control syste
General principles for design.

6

dundant systems complying‘with 8.2.4 — 8.2.

ordance with 8.2.3, redundant systems shall be diverse, independent, and hay

of firmware/software version(s) and intended hardware platform(s) subject
verse and independent, it is meant that "faults with a common cause" shall be p
the control_system and protection system shall be evaluated independently.
se that shall-be specifically addressed under this evaluation.

8.2.5 Each

the production of'a WT shall be evaluated in accordance with

combination of microprocessor model, manufacturer and firmware/software ve
8.2.4. Revisions to any [

h either (a) or

cal, electronic

tronic safety-

ms — Part 1:

e all possible
to functional
rohibited. The
L ightning is a

rsion used in
bortion of the

combination of software and/or critical hardware shall require re-evaluation of the WT protect

on system.

8.2.6 Revisions may be entitled to a limited re-evaluation in accordance with risks identified in this
section and as addressed by the subsequent functional safety evaluation of the revised firmware or
software. The scope of the re-evaluation shall be defined by the potential impact of the firmware or
software revisions on the SRCS or WT.

8.3 Abnormal conditions for safety related controls system

8.3.1 The turbine SRCS risk analysis shall include consideration of the following operational conditions:
a) Complete loss of control power,

b) Loss of one power conductor of a polyphase control power circuit,
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c) Control power undervoltage and overvoltage conditions,

d)
e) Vi

f) Fa

Component single faults,

bration amplitude and frequency expected for the application,

ilure of critical wiring insulation, isolation and/or continuity.

8.3.2 As a result of the requirements specified in 8.3.1, the (SRCS) system shall initiate a safe and
controlled shutdown of the turbine and cessation of output power.

9 Manual S

hutdown

9.1 Turbine

9.2 Shutdoy

a) R
rotor g

b) D

9.3 The ma

9.4 An emeg
with the mant

5 shall be provided with a manual shutdown button/switch and a shutdown proceé

/n of the turbine shall:

bsult in a controlled rapid transition from rotation and power production to st3
nd yaw motion, and

b-energize or interrupt the turbine output power circuit.

rgency stop, if provided, that complies with“4.16 of this document is consider
al shutdown requirement.

10 Self-Exqitation

10.1 WT sh

all be protected from unintentional self-excitation during all foreseeable

unloading comditions including loss of¢grid connection for grid tied turbines. Verification of con

this requirem

11 Ratings

111
Power Perfor

R

ent shall consider both normal and single-fault conditions.

WT shall be provided with the following ratings and be validated via compliance to IEG

mance Measurements of Electricity Producing Wind Turbines:

hted\load amperes, whether for ac, dc, or both;

dure.

ndstill of the

hual shutdown shall not result in the disconnection of/power to lighting, communications, or
SRSC circuitg.

bd to comply

loading and
npliance with

61400-12-1,

d)

Number of phases;

Rated output current;

applicable);

e)

Short circuit current rating (SCCR);

f) Maximum output short circuit current;

9)
h)

Overcurrent protection values provided by the wind turbine generator for stator and rotor (if

A brief system description, including the type of generator (synchronous or induction);

Evidence of approval or other markings necessary to ensure safe and proper operation;
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i) Rated power;

j) Reference wind speed, V,;

k) Hub height operating wind speed range, Vi, — Vous;
[) Operating ambient temperature range;

m) IEC Turbine Class (from Table 1 of IEC 61400-1, Wind turbines — Part 1: Design
requirements);

n) Rated voltage at wind turbine terminals;

o) Hrequency at the wind turbine terminals or frequency range in case the nomingl variation is
greatér than 2 percent.

11.2 WT slystem level major components and subassemblies such as generators| converters,
transformers| etc. shall include the applicable ratings in accordance with the applicable stgndard for the
component gr subassembly.

11.3 A WT|generator assembly that is intended to be connected to*an external converter or inverter,
external confrol system or unit, or both (that is not provided with the WWT-system), shall include ratings for:

a) HRated output power,

b) Rated output voltage,

c) Rated output current,

d) Hrequency or frequency range at the wind turbine output circuit,

e) VYT short circuit current rating. (marked on the WT or within the manual).
SERVICE PERSONNEL SAFETY

12 Working Space

Note: While the|scope of NFPA %9, Electrical Standard for Industrial Machinery, is limited to 600V, UL 6141 will agply the NFPA 79
requirements ar|d practices up to-hominal 1000V-rated wind turbines.

12.1 Electrical enclosures, compartments or specific areas within the WT that are likely to require a
service person to-enter the enclosure or housing to wire, examine, adjust, or perform maintenance, shall
comply with Artiele—4-5—Spaces—-Around—Centrol-Gabinrets—and-GCempartments;—efF-NFRPAI79, Electrical
Standard for Industrial Machinery.

Exception: In special areas where the required working spaces cannot be provided (e.g. hub), special
working procedures shall be provided to address worker safety, including consideration of the specific
hazards within the special area, as well as the scope of the work. The special working procedures shall
comply with local codes.

12.2 Areas within a turbine that require a lockout provision for worker safety shall be provided with a
disconnecting means for the turbine that shall:

a) Be at the point of connection of electric power to the WT or the affected circuit,

b) Be readily accessible, and,
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c) Be capable of being locked in the open position.

12.3 Alocking device shall be provided for use with the disconnecting means specified in 4.22. It shall be
installed on or at the switch or circuit breaker (the disconnect) and shall remain in place (whether locked or
unlocked).

MARKINGS
13 System and Subassembly Components

13.1  Unless otherwise stated, all markings shall be permanent. The following types of markings or the
equivalent meget-this |cqu;|cnlc| t:

a) Mplded,

b) Die-stamped,

c) Paint-stenciled,

d) Sfamped or etched metal that is permanently secured, or

e) Indelibly stamped on a pressure-sensitive label complying with the Standard for{Marking and
Labeling Systems, UL 969.

13.2 Auunit shall be plainly and permanently marked where.itis readily visible after installatign with:
a) The¢ manufacturer's name, trademark, or other descriptive marking by which the|organization
respomsible for the product is able to be idedtified — hereinafter referred to as the mpnufacturer's
name;

b) A[distinctive Model number or the ‘equivalent;

c) Ploduct specific serial number;

d) The date or other dating period of manufacture not exceeding any three consecytive months.
The repetition time cycle)of a date code shall not be less than 20 years. The date cpde shall not
require reference to the/manufacturer's records to determine when the unit was manufactured.

Exception Nq. 1: The‘manufacturer's identification is able to be in a traceable code whgn the unit is
identified by the brand-or trademark of a private labeler.

Excepﬁon No -2~ The date of manufacture is ahle to he ahbreviated in a n::ﬁnn::lly :mr\npfnrl conventional
code, or in a code affirmed by the manufacturer.

13.3 A WT shall be marked with the electrical ratings defined in section 11.
13.4 A WT shall be provided with a plaque that includes basic instructions on how to disable the turbine.
Exception: This is not necessary for turbines that can be shutdown via the emergency stop button.

13.5 Each WT disconnect device shall be marked to indicate it is a disconnect and also marked for the
specific circuit it controls.

13.6 The symbols described in items (a) — (c) shall be used as specified:
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a) A circuit intended to be connected to a dc circuit shall be identified by markings indicating that
the circuit shall be dc. The symbol illustrated in Figure 13.1 meets the requirement for this marking.
See 13.7.

b) A circuit intended to be connected to an ac circuit shall be identified by markings indicating that
the circuit shall be ac. The markings shall include the supply-circuit frequency or supply-circuit
frequency-range rating (cycles per second, cycles/second, hertz, c¢/s, cps, or Hz). The symbol
illustrated in Figure 13.2 meets the requirement for this marking. See 13.7.

c) The number of phases shall be indicated when the unit is designed for use on a polyphase
circuit. The symbol illustrated in Figure 13.3 is equivalent to the word "phase." See 13.9.

Figure 13.1

Direct current supply symbol

(IEC Publication 417, Symbol 5031)

Figure 13.2

Alternating current supply symbol

(IEC Publication 417, Symbol 5032)
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Figure 13.3

Phase symbol
13.7 When p symbol referenced in 13.6 (a), (b), and (c) is used, ¢he important safety instfuctions shall
identify the syymbol.
13.8 The operating positions of a handle, knob, or other.means intended for manual operation by the
user shall be marked.
13.9 Wiring|terminals shall be marked to indicaté‘the intended connections for the unity or a wiring
diagram codgd to the terminal marking shall be secutrely attached to the unit.
Exception: The terminal markings are not required when the wire connections are evident.
13.10 Fieldqwiring terminals shall be’ marked to indicate the appropriate wire conductqr type (e.g.,

copper, alumi

Exception: W
unit, they are

13.11 Apre
grounding co

hum), wire sizes, tightening torque, and wire insulation temperature rating.

hen tightening\torque ratings are included in the installation instructions prov
not required-to-be marked on the unit.

sure_wire connector or stud-and-nut type terminal intended for connection of a
hduetor shall be identified by:

a)

b) A

The marking "G", "GR", "GND", "Ground", "Grounding", or equivalent;

marking on a wiring diagram attached to the unit, or

ded with the

N equipment-

c) The symbol illustrated in Figure 13.4 on or adjacent to the connector or on a wiring diagram

provid

ed on the unit. See 13.14.
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