IEC/IEEE 60076-16:2018-09 RLV(en)

[EY ¢1EEE

IEC/IEEE 60076-16

INTERNATIONAL
STANDARD

Edition 2.0 2018-09
REDLINE VERSION

@)
Power transformers — &\Q/
Part 16: Transformers for wind turbine ap;Q)QcQtions



https://iecnorm.com/api/?name=bb76e5e77bbc1cada1c3d4e2c9f50851

THIS PUBLICATION IS COPYRIGHT PROTECTED

Copyright © 2018 IEC, Geneva, Switzerland

Copyright © 2018 IEEE
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing being

secured. Requests for permission to reproduce should be addressed to either IEC at the address below or IEC’s
member National Committee in the country of the requester or from IEEE.

IEC Central Office Institute of Electrical and Electronics Engineers, Inc.
STTUe g Varembe SParkAvernue
CH-1211 Geneva 20 New York, NY 10016-5997
Switzerland United States of America
Tel.: +41 22 919 02 11 stds.ipr@ieee.org
info@iec.ch www.ieee.org
www.iec.ch
About the IEC

he International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishe
Ipternational Standards for all electrical, electronic and related technologies.

[

IEEE is the world’s largest professional association dedicated to advancing technological, innovation and excellence fq
the benefit of humanity. IEEE and its members inspire a global community through)its highly cited publications,
nferences, technology standards, and professional and educational activities.

bout IEC/IEEE publications
he technical content of IEC/IEEE publications is kept under constant review\byvthe IEC and IEEE. Please make surge
that you have the latest edition, a corrigendum or an amendment might have(been published.

=

IEC Catalogue - webstore.iec.ch/catalogue Electropedia’™ www.electropedia.org
he stand-alone application for consulting the entire  The world's leading online dictionary of electronic and
ibliographical information on IEC International Standards, electrical terms containing 21 000 terms and definitions in
echnical Specifications, Technical Reports and other  English and French, with equivalent terms in 16 additional
cuments. Available for PC, Mac OS, Android Tablets and <Janguages. Also known as the International Electrotechnicgl
iPad. Yocabulary (IEV) online.

IEC publications search - webstore.iec.ch/advsearchform IEC Glossary - std.iec.ch/glossary

he advanced search enables to find IEC publicationsby a 67 000 electrotechnical terminology entries in English angd
riety of criteria (reference number, text, ‘teehnical  French extracted from the Terms and Definitions clause ¢f
mmittee,...). It also gives information on projects) replaced IEC publications issued since 2002. Some entries have beeh
nd withdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and

CISPR.
C Just Published - webstore.iec.ch/justpublished

tay up to date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/csc
etails all new publications released./.Available online and If you wish to give us your feedback on this publication g
Iso once a month by email. need further assistance, please contact the Customer Service

Centre: sales@iec.ch.

Q QO (0 =
=



mailto:stds.ipr@ieee.org
mailto:info@iec.ch
http://www.ieee.org/
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=bb76e5e77bbc1cada1c3d4e2c9f50851

IEC/IEEE 60076-16

38 ¢ IEEE

Edition 2.0 2018-09
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
ingide

Power transformers —

Part 16: Transformers for wind turbine applications

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 27.180; 29.180 ISBN 978-2-8322-6094-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=bb76e5e77bbc1cada1c3d4e2c9f50851

-2 - IEC/IEEE 60076-16:2018 RLV
© IEC/IEEE 2018

CONTENTS

FOREWORDD . ..cece e e e e 4
INTRODUCTION e s e e s e s e e e T e
1 T oTo] o1 T PPN 8
2 NOIMAtIVE e EIENCES. ... i e e 8

2.1 [ = O =Y Y=Y A TeT= 3
2.2 IEEE T @IENCES . et it g D
2.3 [SO rEfBIENCES . iy N D
2.4 CENELEC referenCeS ... v e N e D
K Terms and definitioNs ... A e D
4 Use of normative references .........coooviiiiiiiiiiii e N T 10
g Rating ..o LA T 10
g Service CONAItIONS ... N e 1
6.1 Normal service conditions ... 11
6.1.1 GeNETAl e A 11

e
6.1.2 Temperature of external cooling-air mediuf /......c.ocooiiiiiiiiiiii, 11
6.2 Particular service conditions for transformerg\installed in a tower or nacelle ......... 11
6.2.1 General ..o S 11
6.2.2 Temperature rise correction ... Y 12
6.3 Content of harmonic currents in theMransformer..................ccooi, 18
6.4 OVEr-EXCIHAtION. ... N e 14
6.5 Harmonic distortion of VOILETE ........couiiniiii e 14
6.6 Transient-overand-uRderVollagesS . ..ot 14
6.7 Humidity and salinity . ..o 1b

6.9 CarrOSION ProteCHiON ... e 17
6.10 ~Consideration for hermetically sealed transformers ............cooiiiiiiiiin s 17
6.14= Flammability issues with transformers mounted in the tower or nacelle................. 17
6:12 Thermal cycling of transformer ...... ... 17
Elestrical-charasterstict i mm—m————————————m————— 4

Rated poOWer e
71 Highest voltage for equipment .. ... 18
7.2 Tappings (1ap-Changer) ... e 18
7.3 107e] o] a¥=Tox 0 o] 1o [ o 18] o PP 18
7.4 Dimensioning of neutralterminal connection ... 18
7.5 Short-CirCuit IMPEedanCe... ..o e 18
7.6 Insulation levels for high-veltage and low voltage windings............ccoovviiiiiineen. 19

7.7 Overload capability ... 19
7.8 TR =T A N1V T =] 0| P 20


https://iecnorm.com/api/?name=bb76e5e77bbc1cada1c3d4e2c9f50851

IEC/IEEE 60076-16:2018 RLV

© IEC/IEEE 2018

.20

Frequency of energization ...

7.9

.20

Ability to withstand short CirCuit ....... ...

7.10
7.1

7.12

.20

Operation with forced COOlING ...t

.21

Over-temperature proteCtion...........c.oiiiiiii

RaAtiNG Plate .. e

.21

8
9

.21

B =TT 5T

9.1

.21

type and special tests) .........ccocceeiiiiinni.

I

List and classification of tests (routine

RPaouting tasts

4
4
4

Tvne tasts

L A = A~ S

Snecial tests

A S A A A e O e

General

Chonned wave tect

A A~ = A A A~ A~ T e e

Climatic tasts

A= RN L= 1 A~ A~ = T 7 OO

Environmental test ER

VIO T e H T e Ot B0 s s s s e e e e e e s s e s

Eira hahavior tact

L B~ ~ A~ B = A~ 4 B = ] Y

.28

Additional tests for wind turbine transformers............. 08

9.2

.28

GeNEral ..o A

9.2.1
9.2.2
9.2.3
9.2.4

.28

Lightning impulse type tests ..o N

.28

Lightning impulse routine sample tests ... a0 o

.23

Partial discharge test for liquid-immerse@\transformers ...............c.ccooeiinne.

.28

Climatic and environmental tests foridry-type transformers ...................oos
mao et nte st —Calenladtion saethed el ol e

nnex- A (informative)l Calculation method-and #ahlés

9.25

Annex A (informative) Effects of voltage harmBhics ... .o

Design and specification consid@rations ..............ccoooiiiiiiiiiiii

Al

Effects of voltage harmonics. v .

= 71 o] T ToTe ] =T o] 4|V PP

A2

4Y

Haat dissination-ingnatural ventilated-room

Hiaure

LASAC SRS RS Aed ) S A R A R L~ == B A= A L a e L A B R e s S A

rgourc

Schematic digaram of nower freauencv current iniection-annaratus

OTHCTaAt T UagranT O P oOvwet

T oqUC Ty CUrTr et O oo apPpPaiatu S s s e e s

Hiaure

rgure

racnanseaes with canarcitar iniaction

Switched transformer windina voltaae

rCoP oo Co Wit CapaCntoTr oo uoT s

OV T T U U@ od O T vwWirTog—v ortag o

Hinure

HTrgurc

H\/ Iniectinh test fiaure

L A S A~ A L R~ N =~

Hiaure

9ot

Ihdulatinn lavale

ahla

A A= R A~ A A~ A~ = I

T

Table-t — Recommended minimum values of short-circuit impedance for transformers

A9

WItIMWO SeParate WindiNgS ...ouuiiie e e et e e

.45

Table A.1 — Example of voltage harmonic order...........coooiiiiii e


https://iecnorm.com/api/?name=bb76e5e77bbc1cada1c3d4e2c9f50851

-4 - IEC/IEEE 60076-16:2018 RLV
© IEC/IEEE 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 16: Transformers for wind turbine applications

8)

9)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,gcomprisin
all national electrotechnical committees (IEC National Committees). The object of IEC ishto- promot
international co-operation on all questions concerning standardization in the electrical and electronic fields. T
this end and in addition to other activities, IEC publishes International Standards, Technical| Specifications
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter reféesred to as “IE
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereste
in the subject dealt with may participate in this preparatory work. International,,gOyernmental and nor
governmental organizations liaising with the IEC also participate in this preparation.

O 0 O

T L CJo

IEEE Standards documents are developed within IEEE Societies and Standards €oardinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops itsr standards through a consensupg
development process, approved by the American National Standards Institutey{which brings together volunteerp
representing varied viewpoints and interests to achieve the final produ€t/ Volunteers are not necessaril
members of IEEE and serve without compensation. While IEEE administers the process and establishes rulegs
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, dr
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimens
(see http://standards.ieee.org/IPR/disclaimers.html for more infermation).

o

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the tw|
organizations. This Dual Logo International Standard was) jointly developed by the IEC and IEEE under th
terms of that agreement.

w

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus d
opinion on the relevant subjects since each technical committee has representation from all interested IE
National Committees. The formal decisions of lEEE on technical matters, once consensus within IEEE Societie
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materiall
interested parties who indicate interesttin reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE’Standards Association (IEEE-SA) Standards Board.

IEC/IEEE Publications have the form®' of recommendations for international use and are accepted by IE
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that th
technical content of IEC/IEEE ‘Rublications is accurate, IEC or IEEE cannot be held responsible for the way i
which they are used or for ahy.misinterpretation by any end user.

T <) =

= 0 \J

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicationg
(including IEC/IEEE Rublications) transparently to the maximum extent possible in their national and regiong
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regiond
publication shall be ¢learly indicated in the latter.

IEC and IEEE de-“hot provide any attestation of conformity. Independent certification bodies provide conformit
assessmentiservices and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsibl
for any sépvices carried out by independent certification bodies.

w

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

Na_liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individugl
experts and members of technlcal commlttees and IEC National Commlttees or volunteers of IEEE Societie

for any personal injury, property damage or other damage of any nature whatsoever whether direct or |nd|rect
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

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

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change

has been made. Additions are in green text, deletions are in strikethrough red text.

International Standard IEC/IEEE 60076-16 has been prepared by IEC technical committee 14:
Power transformers, in cooperation with Performance Characteristics Subcommittee of the
IEEE Power and Energy Society 1, under the IEC/IEEE Dual Logo Agreement between IEC
and IEEE.

(¢

1

(&%) DD

<

o

onstitutes a technical revision.

generator is introduced;

his second edition of IEC/IEEE b0U/b-1T0 cancels and replaces IEC b600/b-1T6:20711, an

he main changes with respect to the previous edition are as follows:
) relationship between transformer rated power and the output current from_ther associate

) thermal correction of the effective cooling medium has been introduced;

) testing regime has been strengthened to ensure transformers arewsuitable for the hars
electrical environment to which they are subjected.

his publication is published as an IEC/IEEE Dual Logo standards

he text of this standard is based on the following IEC documents:

FDIS

Report on voting

14/959/FDIS

14/965/RVD

oting indicated in the above table.

irectives, Part 2.

ull information on the voting for the approval of this standard can be found in the report o

hternational Standards are draftedyin accordance with the rules given in the ISO/IE(

list of all parts in the IEC/IEEE 60076 series, published under the general title Powe
ransformers, can be found\on the IEC website.

=

1

A list of IEEE participants can be found at the following URL: https://standards.ieee.org/project/60076-16.html
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The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates$
hat it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.

~-*
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POWER TRANSFORMERS -

Part 16: Transformers for wind turbine applications

Scope

o = < s

P |

| G

Q. 0o o

D)

his part of IEC 60076 applies to dry-type and liquid-immersed transformers formed—pewelr
L00-kVA—up-to-10-000-KVA-for wind turbine step-up applications having a winding with highes
oltage for equipment up to and including-36 72,5 kV-and-atleast-ene-winding-operatingat
loltage—greater-than—4-4k\.. This document applies to the transformer used to eOnnect th

ind turbine generator to the wind farm power collection system or adjacent distributio
etwork and not the transformer used to connect several wind turbines to, & distribution o
ransmission network.

= o P~

ransformers covered by this document comply with the relevant requirements prescribed i
he IEC 60076 standards or IEEE C57 standards.

=

Normative references

he following documents are referred to in the text in. such a way that some or all of theij
ontent constitutes requirements of this document. Eor dated references, only the editio
ited applies. For undated references, the latest edition of the referenced document (including
ny amendments) applies.

-

A IEC references

FC 60076-1:2044, Power transformers*< Part 1: General

FC 60076-2:2044, Power transformers — Part 2: Temperature rise for liquid-immersed
ransformers

FC 60076-3:2000, Powertransformers — Part 3: Insulation levels, dielectric tests and externgl
learances in air

FC 60076-5:2006, Power transformers — Part 5: Ability to withstand short circuit

FC 60076-7:2005, Power transformers — Part 7: Loading guide for mineral-oil-immerseg
ower transformers

L .. F : it ,

IEC 60076-11:2004, Power transformers — Part 11: Dry-type transformers

IEC 60076-12:2008, Power transformers — Part 12: Loading guide for dry-type power
transformers

IEC 60076-14, Power transformers — Part 14: Liquid-immersed power transformers using
high-temperature insulating materials
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IEC 61378-1:2044, Converter transformers — Part 1: Transformers for industrial applications
|EC-61400-1:2005_Wi . 5 . Desi .

2.2 IEEE references

IEEE Std C57.12.00™, |EEE Standard for General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers

FEE Std C57.12.01™, |EEE Standard for General Requirements for Dry-Type Distributio
nd Power Transformers

Q.

FEE Std C57.12.80™, |EEE Standard Terminology for Power and Distribution(dyansformers

FEE Std C57.91™, |[EEE Guide for Loading Mineral-Oil-lmmersed Transformers and Step
oltage Regulators

FEE Std C57.96™, |[EEE Guide for Loading Dry-Type Distributiah ‘ahd Power Transformers

FEE Std C57.110™, [EEE Recommended Practice for Establishing Liquid-Filled and Dry
Type Power and Distribution Transformer Capability WWien Supplying Nonsinusoidal Loa
Currents

FEE Std C57.154™, |EEE Standard for the Besign, Testing, and Application of Liquid
mmersed Distribution, Power, and Regulating Transformers Using High-Temperatur
hsulation Systems and Operating at ElevatedyTemperatures

[ —

ANSI C84.1, Electric Power Systems and.Equipment — Voltage Ratings (60 Hz)

.3 ISO references

D)

SO 12944 (all parts), Paints “and varnishes — Corrosion protection of steel structures b
Arotective paint systems

50 12944-4, Paintssand varnishes — Corrosion protection of steel structures by protectiv
aint systems — Pa{t4: Types of surface and surface preparation

=

.4 CENELEC references

D)

BN 50588-11:2015, Medium power transformers 50 Hz, with highest voltage for equipment ng
xceeding 36 kV — Part 1: General requirements

[ar

\U

\U

9 lerms and detinitions

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

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

addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp
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3.1
wind turbine transformer

generator step up transformer connecting the wind turbine to the power collection—nretwork

system of the wind farm or the adjacent distribution network for single turbine installations

3.2

tower

partof-the supporting structure of the wind turbine on top of which the nacelle with generato
and other equipments—are is located

r

3.3

nacelle

Housing that contains the drive-train and other elements on top of a horizontal-axis win
thrbine tower

[BOURCE: IEC 60050-415:1999, 415-01-07]

3.4

gffective cooling medium

dmbient air, either internal or external to the tower or nacelle, or cgeling water that comes int
dontact with the cooling surface of the transformer

.5

ompartmentalized type transformer

ransformer with integral enclosure comprised of multiple independent compartments, usuall
ith separate entrances into the HV and LV termination compartments

< ~+ 0 ()

3.6

gealed transformer

tfansformer which is so constructed thapthe external atmosphere is not intended to gai
gccess to the interior

.7

outine sample test
st which is usually defined as a type test or special test but carried out as an additionz
putine test on a random gsample of transformers

=S = )

D

Use of normative references

This standard,_tan be used with either the IEC or IEEE normative references but th
references shall not be mixed. The purchaser shall include in the enquiry and order whic
normativeyeferences are to be used. If the choice of normative references is not specified
then IECystandards shall be used except for wind turbine transformers intended for installatio
ih North" America where IEEE standards shall be used.

=}

W

=J

5 Rating

The transformer rating specified by the purchaser shall take into account the maximum
current delivered to the transformer by the associated wind turbine generator system

irrespective of the operating voltage and power factor.
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6 Service conditions

Normal service conditions

6.1

General

6.1.1
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If the transformer is installed external to the tower or nacelle, the normal conditions specified

in IEC 60076

11 or
If the

transformer is installed within the tower or nacelle then particular conditions apply as shown

in 6.2.

-immersed transformers and IEC 60076

1 or IEEE Std C57.12.00 for liquid

IEEE Std C57.12.01 for dry-type transformers shall apply, unless otherwise specified.

Particular service conditions for transformers installed in a tower or nacelle

6.2

General

6.2.1

Where the transformer is installed in a tower or nacelle then higher temperatures of the

cooling medium local to the transformer may be expected.
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6.2.2 Temperature rise correction

Based on the ambient conditions of the installation, the purchaser shall specify the yearly
average and maximum temperature of the effective cooling medium (e.g. air or water). If the
yearly average or maximum temperature of the cooling medium exceeds the relevant value in
the respective standard, the difference between the values and the “normal service conditions”
values shall be subtracted from the temperature rise limits specified in IEC 60076-2,
IEC 60076-11 or IEEE Std C57.12.00 as follows:

Kmax = Imax ecm - lmax std A
QY
Kav = Tav ecm = Tav std '\%
Wwhere (19
K iax is the temperature correction for the maximum ambient temperature\(b‘
K.y is the temperature correction for the yearly average ambient te Srature;
Tmax ecm IS the maximum temperature of the effective cooling mediun@Q
1 D

[max stq 1S the maximum ambient temperature of the effective C@ﬁag medium according t
the relevant standard; Q/

Tav ecm 1S the average temperature of the effective cooling@dium;

Tav std is the yearly average ambient temperatur
according to the relevant standard. ;\

the effective cooling mediun

—

K., can be used in determining the temperature Qse limit of average winding and windin
Hot-spot temperatures in all transformers. In Ii@mmersed transformers K, ,, can be use
ih determining the temperature rise limit for tkq\ p liquid temperature.

O

| p

If the only available information is th(ﬁximum ambient temperature, the increase of th
early average ambient temperature ¢ e assumed to be the same as the increase of th
maximum ambient temperature, ma&&&é K,y and K, equal.

W

Ww W

=

or example, for a transforme\o,lsing insulation material of thermal class 105 (regular kraf
aper immersed in mineral Q&D installed in an environment where the average temperature i
2 °C and the maximum ient temperature is 48 °C, the corrected temperature rise limit
ased on IEC 60076-2 Wolild be:

Uy Ul —~

fan il ' e o s = |

O® K, =(32-20)=12K

N AO, =65-K,, =65-12=53K
R
O
N

For liquid-immersed transformers Kmax can be applied:

AG,=T78 - K,, =78 -12=66K

Kmay = (48 - 40) = 8 K

Af, =60 - K, =60-8=52K
Another example, for a transformer using thermally upgraded insulation material (thermally
upgraded kraft paper immersed in mineral oil) with similar conditions to the previous example,
the corrected temperature rise limits based on IEEE Std C57.12.00 would be:
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K, =(32-30)=2K
AG, =65 - K,, =65-2=63K
6, =80 - K,, =80 -2=78K

For liquid-immersed transformers K can be applied:

max

. = (48 - 40) = 8K N\

Af,=65-K,,=65-8=57K Q
Where, '\(bq/
A6, s the average winding temperature rise; @
A6, is the winding hot-spot temperature rise; QQ/\
Ad, is the top liquid temperature rise. @
Hor the transformers installed in a tower or nacelle, the purch g’shall carefully consider th
ihfluence on the temperature of the enclosure, heat genera y other equipment and by th
tfansformer itself, and the cooling system / air renovatio em, if applicable. As referencsg
if no better information is available, the thermal loadi the transformer, in kilowatts, ca
Re estimated as 1,5 % of its rated power (kVA). @)

=l

he effect of external direct solar radiation s)-gﬁ be taken into account by the purchase
hen calculating the temperature of the effelzn e cooling medium. Methods for determinin
he effect are given in IEC 60721-3-4. 5\

-+ <

6.3 Content of harmonic current§"?‘r he transformer

Ww W

=)

=

o il ¢ W

-+

== <> v

Pt e S = |

P |

he aser shall evaluate the magnitude and frequency of the harmonic currents supplie
3\ ransformer.

=)

(=

Where total harmonic content is less than 5 % of rated current no additional information is

required.

Where total harmonic content is greater than 5 % the purchaser shall specify the magnitude
and frequencies of all harmonic currents supplied to the transformer. The manufacturer shall
calculate the additional losses at rated power caused by these currents using the method
given in IEC 61378-1 or IEEE Std C57.110 or as agreed between the purchaser and

manufacturer.

During the temperature rise test the transformer shall be supplied with an additional current to
represent the additional harmonic losses for the purpose of determining the temperature rises.
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A method to calculate the impact of the harmonic currents on the design of the transformer is
given in-A-2 IEC 61378-1 or IEEE Std C57.110.

- )

4.4 Over-excitation @Q

Unless otherwise specified by purchaser, transformers s be capable of operatin
dontinuously above rated voltage or below rated frequency, a ximum rated power (kVA) fo
dny tap, without exceeding the limits of temperature rise n all of the following condition
Qrevail.

;\\
d) When operating under load: O

1) secondary voltage and volts per hertz dg@ exceed 115 % of rated values and with
minimum frequency of 95 % of rated v

2) power factor is 0,8 or higher. ‘\0

B) When operating under no load, tr ormers shall be capable of operating continuousl|
above rated voltage or below rated frequency, on any tap, without over-exciting o
exceeding limits of observable\®mperature rise, when neither the voltage nor volts pel
hertz exceed 120 % of rated values.

X
4.5 Harmonic dIStOI"tIOYt‘)Qf voltage

When supply voltage hgﬂnonlcs are expected to be in excess of 5 % of rated voltage th
gurchaser shall specifythe magnitude and frequency of any harmonic voltages present in th
qupply. The trans@%r shall be designed to withstand the specified condition or 5 % of rate
Joltage, whiche@ s higher, without damage.

6.6 Trao&t—eafer—a-nd—unde# voltages

"2

=

U\
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d) Normal impulse protection $

Transformer lightning |mpuls #@1 see |IEC 60076-3) or basic lightning impulse level (BIU
(see IEEE Std C57.12.80) be specified. Increased transformer BIL levels by one ste
should be considered u X’ system study indicates otherwise.

~—

A=

H) Switching induced oyetvditages

devices, have Ited in dielectric failures of some wind turbine transformers. The firg
and last tra mers in a daisy chain are typically the most vulnerable and are most g
risk whe rents are light and power factor is particularly low. IEEE Std C57.14
addres is issue in depth and relates the vulnerability to current chops and voltag
restri y vacuum or SFg interrupters. This is a complex phenomenon that is no
in depth in this document but should be evaluated by a system study. If systen
study warrants action, mitigation techniques should be employed.

Switching transign‘t.voltages, produced by vacuum interrupters and/or SFg switchin

= r——u v/ )~ 4

no current |IEC standard that covers this issue.

6.7 Humidity and salinity
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=

U7

he purchaser shall define the maximum levels of humidity and salinity to wh@ ransformer
ill be exposed. %,

HJevels of humidity and salinity associated with coastal or off-shore @ications have led t
ipsues on transformers. These can include: ©

d salt spray; ((/Q/Q/
»

<

A4

od excessive moisture and humidity; C)
od dripping water; \<(/
d condensation. @)

U7

The effects of these issues will affect differeQ@ansformer technologies in different way
(e.g. liquid immersed vs dry type). \\
QO
$ome of the areas of possible mitigatioqd@zlude:
S

d) increased and more comprehensi@ maintenance cycles;

) avoidance of air insulated te&mals and exposed conductors, for example, by applyin
bushing covers or elbow cckﬁhectors

<

d) increased creepage dls@ﬂtes

nv_nart o wind turbine made of insulation - material hecomes conductive when moistened

nRYypat erKme-wWiRcturohemMace-orHhsSthatdonMmateHarovecomesSconRadcHve-WnReR-MmMoiSteneq

with -*Q-- 3 S other conductive liquids—Partial discharges—inthe surroundings
’

6.8 Level of vibration

Vibrations of the structure where the transformer is to be installed shall be taken into account

when designing the transformer—and—special-consideration—shall-be—given—in—thestress
tromotoriosesonnoetentormlnnle,
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The purchaser shall specify the vibration spectrum at the enquiry stage. The procedure of
vibration test, if any, should be agreed at enquiry stage between purchaser and manufacturer

6.9 Corrosion protection Q
Q

Depending on the kind of installation, the purchaser%heu—#d—ehee%%hall specify a protectio

dlass defined in ISO 12944 (all parts), IEEE Std C57.12.28, IEE%‘( d C57.12.29 or otherwis

dgreed between purchaser and manufacturer. Unless sge} fied otherwise, level C

( ey

SO 12944-4) shall be used except for coastal or off—sh@ nstallation where level C5-N
SO 12944-4) or higher may be appropriate. Q/
A\

§.10 Consideration for hermetically sealed trang(f@mers

A hermetically sealed transformer shall beé@signed to withstand without permanen
deformation the expected pressures that g&( ver the specified temperature range durin

—h

Ll loading of the transformer (see CENEL N 50588-1:2015, 9.4).

6.11 Flammability issues with tragﬁgmers mounted in the tower or nacelle

Ror transformers mounted in t@@lower or nacelle, less-flammable insulating liquids o
dry-type construction are rec%(?mended. For dry-type transformers specified according t
IEC 60076-11, fire class F1 ,glll be specified as a minimum.

QS

N
6.12 Thermal cyclingG.i transformer

Wind turbine trar@ners are exposed to significant thermal cycling leading to mechanicz
Weakening of t nk in liquid-immersed transformers or in damage to the winding coils i
dast resin dr {@e transformers. Purchasers should consider an increase in the number ¢
dycles req@during endurance testing, particularly where forced air cooling is applied.

— —_— e U

Us

- —

Ther S}endurance testing for liquid-immersed transformers shall be in accordance wit
i 88-1:2015, 9.4.5. Thermal endurance tests for dry-type transformers shall be subjed
tb adreement between the purchaser and the manufacturer. The number of cycles for th

thermal endurance test shall not be less than 2 000 cycles.

W — =7

NOTE Thermal cycling is usually assumed to be related to the level of load, but during constant load at rated

power frequent thermal cycles can be experienced when using switched forced air cooling.

7 Electrical characteristics
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— =

he highest voltage for equipment shall be-ehesen specified in accordance with-Clause 5-gf
FC 60076-3:2000 and ANSI C84.1.

.2 Tappings (tap-changer)

0, 0, 0,
A 7 J
. 0, 0, o,
anpina—selection-—shall he made bikmeans of off-circuit bolted-links or an off-circuit—tab
apPpPpHg—SerecHoOR—SHaH—Pe—mate—Dyyr-MmeahsS—o+—oH-cHeUHt—DPorea—HAKS—OoFahR—oH-cirecuit—ap

n_—+ < =

Q=

1
L

nless otherwise specified, o tappings shall be provided.

=

Vhere a transformer js-provided with tappings on a winding these shall all be full-powe
bppings. When speétifiéd, tappings other than full-power tappings may be provided, and thi
hall be stated on"tfe nameplate.

U7

OTE The preuvision of tappings on a transformer can increase size, weight and cost and can decrease reliabilif
nd therefore are only generally used where specifically required.

.3 _<€onnection group

Inléss otherwise specified by the purchaser,-transfermer-connections—shallbe Dyn-with-cloek

R

the connection group tor

DU HIgUTre 5o n-accordance Win-Glause 7o TEC U620
a two winding three-phase transformer shall be Dyn11 or LV lagging HV by 330 degrees.

Other combinations of windings shall be subject to agreement between the purchaser and the
manufacturer.

7.4 Dimensioning of neutral-terminal connection

The neutral-terminal connection shall be capable of carrying full phase rated current unless
otherwise specified by the purchaser.

7.5 Short-circuit impedance
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Commonly recognized minimum values for the short-circuit impedance of transformers at the
rated current (principal tapping) are given in Table 1. If lower values are required, the ability
of the transformer to withstand short circuit shall be subject to agreement between the
manufacturer and the purchaser.

Table 1 - Recommended minimum values of short-circuit
impedance for transformers with two separate windings

Short-circuit impedance at rated current

Rated power Minimum short-circuit impedance
kVA %
25 to 630 4,0
631 to 1250 5,0
1251 to 2 500 6,0
2501 to 6 300 7,0
6 301 and above 8,0

or auxiliary windings when the combined impedance voltage o the tertiary winding and th
ystem result in short-circuit current levels for which the transformer cannot feasibly o
conomically be designed to withstand, the manufacturerCand the purchaser shall mutuall
gree on the maximum allowed over-current. In this case’,, provision should be made by th
urchaser to limit the over-current to the maximum valde determined by the manufacturer an
hall be stated on the rating plate.

05 W N T T ¢ 5 M |
MWW s W

1.6 Insulation levels for high-voltage and low voltage windings

The—selected insulation level for the highvvoltage and low voltage windings shall be in
gdccordance with-Table—t-ofthisstardard4YEC 60076-3 or IEEE Std C57.12.00 and IEEE St{l
¢57.12.01. Insulation levels may be increased as detailed in 6.6.

hae auaranteed temperature rice cshall take into account the additional losses due to
Ae—gthalahteea—tepeatdre—+HASe—SiaH—a«e—ito—account—neaaaiHoRal—10SSes—GUe—p
Harmonics if enelifiad which incresse eddv losses and ctrav losses in the windinas and
AAHAROHES—H——SPpecHiea—wWHERHRCFreasSe—eaay—+055e5anRa——Stay—6SSeSHh—tRe—WHIGHIGSania
9

\_t-FHetH-Fa-l-ﬁf-Fa-me—pa-Ft—S—.

IF no hamdnics are snecifiedat the desian-staage but-the actual real load current in servie
HHAO—NMOHCSare—SpecHeaat—mne—Gesigh—SsStageotht—neattudarreai10aG—CuHHent1R-—SerHCe
dontains armonics—the load -on-the transformer mav need to - be reduced-to-nrevent th
GO AHRS TAHROHES,—Re—10aa—OoR—meahRStormer—hay—heeat1o—ope+readcea1o—prevenrt—ne

7.7 Overload capability

The maximum sustained power output (including reactive power) of the wind turbine shall not
be considered an overload condition for the transformer and shall be provided for in the
nominal rating. The maximum sustained and peak loading cycle(s) including the worst case
power factor shall be defined by the purchaser.

The principles in the appropriate loading guides

liguid-immersed-transformers-in1EC 60076-7
and-for-dry-type-transformers—intEC-60076-12 shall-apply be applied to the defined loading

cycle:
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e for liquid-immersed transformers, in IEC 60076-7 or IEEE Std C57.91;
o for dry-type transformers, in IEC 60076-12 or IEEE Std C57.96;
o for high temperature liquid-immersed transformers, in IEC 60076-14 or IEEE Std C57.154.

Transformer connections and any switches (e.g. de-energized tap changer) shall be suitably
rated to carry peak overloads.

7.8 Inrush current

o
=

ft

A _d- -n

{

ghall be assumed to be in accordance with IEC 60076-5:200 2.2.4. Any limitations in th
deak value of inrush current or the duration of such @( nt shall be specified by th
H

urchaser.
A
S
1.9 Frequency of energization Q

nless otherwise specified by the purchaser, the short-circu%?%rent power of the syster]

D=

\Where the frequency of energization is in exc@&:f 24 events per year, the expected valu
dhall be given by the purchaser. 0\\

b

71.10 Ability to withstand short circq'&\g

W

=

FEE Std C57.12.01. ;
. <O

o5
71.11 Operation with f@gﬂ cooling

Vhen additional co§f‘lg by means of fans or pumps is provided, the nominal rated powe]

Gy

Transformers shall-fulfilk comply wjt@%e requirements of IEC 60076-5, IEEE Std C57.12.00 o
| . : . .

=

\

rpting with and wi t forced cooling shall be-subjectto-agreement-between in accordanc
with IEC 60076 IEEE Std C57.12.00 for liquid-immersed transformers or with IEC 60076
1

1or IEEI%Q%\ 57.12.01 for dry-type transformers unless otherwise agreed by the purchase]

A4

= 1

nd the m acturer.

For dry-type transformers forced air cooling should not affect temperature of sensors. Direct
air flow on the sensors should be avoided.

Control of the forced cooling equipment for liquid-immersed transformers should be by means
of winding temperature monitoring and/or top oil temperature monitoring by either direct
methods or simulation.
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7.12 Over-temperature protection

Unless otherwise specified, for transformers mounted in the tower or nacelle, the

manufacturer shall provide a suitable over-temperature detector that can provide an alarm o
trip signal.

8 Rating plate

Rating plate requirements are detailed in IEC 60076-1 or IEEE C57.12.00 for liquid-immerse

r

tfansformers or in IEC 60076-11 or IEEE C57.12.01 for dry-type transformers. A
Y
Ih addition, the number of this document shall be stated on the nameplate. %Q‘
N
X
9 Tests -
NO

4
9.1 List and classification of tests (routine, type and special tests ©

The lists and classification of tests are detailed in IEC 60076-1 o@éEE Std C57.12.00 fo
57.12.01 for dry-typ

[lquid-immersed transformers or in |EC 60076-11 or IEEE
transformers.
&

=

WV
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9.2 Additional tests for wind turbine transformers
9.2.1 General

Due to the harsh operating environment for wind turbine transformers, a number of tests in
addition to the standard tests applied shall be carried out.

9.2.2 Lightning impulse type tests

Transformers shall be subjected to full lightning impulse type testing including chopped wave.
Chopped wave tests are not required on transformers specified to IEEE standards whér
deparable high voltage connectors are fitted. Q},

9.2.3 Lightning impulse routine sample tests Q\%

A lightning impulse test, comprising full wave tests only, shall be applied to jnimum 10 9
dample of the contract chosen on a random basis, unless otherwise agréed between th
H
t

urchaser and the manufacturer. Chopped wave lightning impulse t ' may be applie
bgether with the routine lightning impulse tests where specified by the Ry haser.

9.2.4 Partial discharge test for liquid-immersed transform @

Where specified by the purchaser, a partial discharge test Q/accordance with the metho
gpecified in IEC 60076-11 or IEEE Std C57.12.01 sh () e carried out. The maximun
gdcceptable level of partial discharge shall be 100 pC. \

NOTE 1 The test specified here is in the document for dry-ty@t%sfcrmers but for the purposes of this clause is
pplied to liquid-immersed transformers. Q

Q

NOTE 2 This test has been specified in accordance \A@Qhe dry-type routine test method due to the impractica
nature of a full partial discharge test to IEC 60076® IEEE Std C57.12.01 being applied to multiple units i
fgroduction. @

9.2.5 Climatic and environment%f@ts for dry-type transformers

The following additional tests shq’(‘k%e performed when specified by the purchaser at time ¢
gnquiry when no relevant test Q@dence is available:

d) climatic tests for dry- @h’ransformers in accordance with IEC 60076-11;
B) environmental test§€3} dry-type transformers in accordance with IEC 60076-11.

oO® |
&

éo

S

%

| =aav 7 e W

= X
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Heat losses = no load losses + 1,1 x load losses

7 X X /
/|

Ow

Transformer

A4

01

IEC 2059/11

HL = NLL +11 x LL (kW) (A4)
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~—

C)O HL = Onac + Owe —(kW) (A

C)é HL

49 = 5 {m?) (A0l
014 H Afa

NLL = 23 kW
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Harmeonic Magnitude A AP b locoas Stray losses
order-(h) (%) enhancement enhancement
factor
4 100 4 1
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Transformertotallosses{ Itl } at fundamental-current

Ttl = noloadtosses{ NLI }+ totalload-osses{ LI}
Ttl = 1-100+4-000-+ 160+ 320+ 5 300+ 636+ 40 =11 556-W

Tt s= -
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cpdmsinros tromedommers locces
Harmonic Magnitude Iy HpA? Zecbrlocoas Stray losses
order (h} (%) enhancement enhancement
factor factor factor
kS S k3 K3 4boo 1-660-0
5 26,2 0,262 0,068 64 1,716 0,248 8
z 110 o110 004210 8593 00574
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PR lossesat-120-°C=4-100-W

OM—HMW—KW%‘%—W

N

~aloulated HV windi lient = 100 < (0 245/6 4500:5+6 = 133.4 K

Fransformer total-losses (Tt }-at fundamental current

Tt = noloadtosses{ NIl y+total-loadtosses{ Ll)

Tt = =
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Symbol i
F Hz
# -
H m
HL Heatlossesof transformer kW
B/ High-voltage &
P Toad current circulating in the considered winding (see A.2) A
fms sl A
14 Fundamental current A
1h Magnitude-of the-harmonichcurrent A
£ Eobodouenat A
K-fadtor -
ias Transformer nominal load losses at reference temperature KW
L_l Lenddanern fos o copnielo el vdndin e sl polo e Lo e e W
Llis B s e e e W
s i
NLL Fransformerno-loadlosses kw
i T : S ; w
ﬁ B e e W
Ph Eddy-losses-at-harmonich W
Onr T : N . . KW
Qtoti Heat-dissipation-powerin-the-transformersroom kW
R,R,R, o
A -
S; w
Skip N
S kVA
S+ [ALA
= L7
Vi Fransformertotal-loadlosses W
T . ) . . . K
Tor Top-oi-temperaturerise-with-rated-current K
Lﬂ Transformer total losses at fundamental current W
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Symbol Meaning Units
T ‘ ) ) ) ) )
Ttls W
Un Highest voltage for equipment KV
M Rated-velage &
\h \/oltaae harmaonic at order » nvr\reecarl nar unit \VA
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Annex A
(informative)

Effects of voltage harmonics

A.1 Design and specification considerations

Special consideration needs to focus on the effects of a rapid ramp-up _of power due to a rapi

ihcrease of current during a quick change of wind speed to which the blade pitch motors
dlow to react. IEC 60076-14:2013, Annex B refers to bubbling effect that can be caused
rapid ramp-up effect and needs to be considered. Additionally, consideration should be{give
tp the following: N
. . Q
o4 harmonic current filtering; ‘l/
NO*

4 harmonic impact on the neutral;

d power factor correction equipment; Q
od electrostatic shielding; @Q
¢ harmonic spectrum analysis; Qg/

4 winding design to mitigate heat attributed to eddy currents\\<</
¢ losses when performing temperature rise calculat|ons<</

¢ switching transients. \

Rurther consideration needs to be given for po Q} ow reversal, heat rise during LVRT, an
Harmonic loading due to power factor control e ent.

NOTE IEEE Std C57.12.00 requires these transféf?ﬁers to be considered to be a hybrid transformer which is
(lass 1 compartmentalized type power transf with step-up capabilities and never energized from the L

terminals. $
.\Q,
A.2 Effects of voltage ha@'&mics

X
he effect of this voltage @\Qe\jkrtion leads to an increasing of:

|

4 magnetic flux de@@ty;
4 no load losse

4 noloadc t;
¢4 noise | ;
o ma@lc core temperature;

h{é‘ﬂowing example of the voltage harmonic order in Table A.1 highlights this issue.

=l

=
- o~ U

j=n

1Y

Bh:  Flux density corresponding to harmonic & (T)
Bn:  Flux density at nominal voltage (T)
Vh:  Voltage harmonic components (V)
V1:  Rated voltage. (V)
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Table A.1 — Example of voltage harmonic order

Harmonic order Magnitude Vh/V1 (VhIV1)? Bh/Bn (Bh/Bn)?
(i) (%)
1 100 1 1 1 1
2 4 0,04 0,001 6 0,02 0,000 4
3 16 0,16 0,025 6 0,053 333 0,002 844 44
4 6 0,06 0,003 6 0,015 0,000 225
5 20 0,2 0,04 0,04 0,001 6
6 2 0,02 0,000 4 0,003 333 1,111 1 %107°
7 11 0,11 0,012 1 0,015 714 0,000)246 94
8 2 0,02 0,000 4 0,002 5 0(000 006 25
9 5,8 0,058 0,003 36 0,006 444 44453 1 x 1075
10 4,2 0,042 0,001 76 0,004 2 0,000 017 64
11 2,6 0,026 0,000 68 0,002 364 5,586 8 x 1076
13 1,9 0,019 0,000 36 0,0p9-462 2,136 1 x 1078
15 1,6 0,016 0,000 26 ¢,001 067 1,137 8 x 107°
29 1,2 0,012 0,000 14 0,000 414 1,712 2 x 1077
31 0,8 0,008 0,000 08 0,000 258 6,659 7 x 1078
z 4,090 3 1,005 402 014
RMS voltage 1,044
THD (voltage) 30,05 %
RMS flux density 1,003
THD (flux 7,35%
density)
Total harmonic distortion (TKHD):
Root mean square (RMS)Noltage is the square root of the sum of (Vh/V1)2.
RMS flux density (s)the square root of the sum of (Bh/Bn)2.
The consegliences of this high voltage distortion (THD < 5 % is considered to be practically
ginusoidal@re not considered significant as flux density is distorted much less than voltage.
Magnetic flux density is time integral of voltage and thus each harmonic flux density
domygonent is inversely proportional to the harmonic order. The increase in RMS flux value i

close to zero, therefore no correction is needed for the measured no load losses in regard to
voltage harmonics.

The following parameters are also related to the design of the transformer under
non-sinusoidal voltage:

e no load current (especially under presence of DC component);

e noise level (especially under presence of DC and second harmonics);

e magnetic core temperature (especially under presence of DC and second harmonics).
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NOTE The harmonic frequency flux density components are increased mainly by eddy current no load losses.
With grain oriented core materials, this accounts for approximately 50 % of total no load losses. Hysteresis losses
also accounts for approximately 50 % of total no load losses and is influenced by an increase in hysteresis loop
area and frequency. In practical cases this influence is negligible.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 16: Transformers for wind turbine applications

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC ishio~ promot
international co-operation on all questions concerning standardization in the electrical and electronic fields. T
this end and in addition to other activities, IEC publishes International Standards, Technical| Specificationg,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refenred to as “IE
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereste
in the subject dealt with may participate in this preparatory work. International,,g0Oyernmental and non
governmental organizations liaising with the IEC also participate in this preparation.

O D

T oL CJ

IEEE Standards documents are developed within IEEE Societies and Standards €oordinating Committees of th
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensu
development process, approved by the American National Standards Institutey{which brings together volunteer
representing varied viewpoints and interests to achieve the final produ€i” Volunteers are not necessaril
members of IEEE and serve without compensation. While IEEE adminisiéers the process and establishes rule
to promote fairness in the consensus development process, IEEE @does not independently evaluate, test, g
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents i
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimer
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

= O D

D

O

IEC collaborates closely with IEEE in accordance with cohditions determined by agreement between the tw
organizations. This Dual Logo International Standard was)jointly developed by the IEC and IEEE under th
terms of that agreement.

w

The formal decisions of IEC on technical matters exXpress, as nearly as possible, an international consensus g
opinion on the relevant subjects since each technical committee has representation from all interested IE
National Committees. The formal decisions of JlEEE on technical matters, once consensus within IEEE Societie
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materiall
interested parties who indicate interestsin reviewing the proposed standard. Final approval of the IEE
standards document is given by the IEEE’Standards Association (IEEE-SA) Standards Board.

IEC/IEEE Publications have the form®' of recommendations for international use and are accepted by IE
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that th
technical content of IEC/IEEE ‘Rublications is accurate, IEC or IEEE cannot be held responsible for the way i
which they are used or for any.misinterpretation by any end user.

o=

= W \J

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicationg
(including IEC/IEEE Rublications) transparently to the maximum extent possible in their national and regiong
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regiond
publication shall be ¢learly indicated in the latter.

IEC and IEEE de-not provide any attestation of conformity. Independent certification bodies provide conformit
assessmentiservices and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsibl
for any sepvices carried out by independent certification bodies.

T <<

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

Na_liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individug
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societie
and the Standards Coordinating Committees of the IFFF Standards Association (IFFF-SA) Standards Board,

W

8)

9)

for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

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

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard IEC/IEEE 60076-16 has been prepared by IEC technical committee 14

Power transformers, in cooperation with Performance Characteristics Subcommittee of the
IEEE Power and Energy Society 1, under the IEC/IEEE Dual Logo Agreement between IEC

and |IEEE.

This second edition of IEC/IEEE 60076-16 cancels and replaces IEC 60076-16:2011, and

constitutes a technical revision.

The main changes with respect to the previous edition are as follows:

generator is introduced,;
thermal correction of the effective cooling medium has been introduced;

(&%) D
~ ~

electrical environment to which they are subjected.

This publication is published as an IEC/IEEE Dual Logo standard.

The text of this standard is based on the following IEC documents:

FDIS Report on voting
14/959/FDIS 14/965/R\VD

Rull information on the voting for the approval of thiscstandard can be found in the report o
oting indicated in the above table.

<

Ihternational Standards are drafted in accordance with the rules given in the ISO/IE(
Directives, Part 2.

A list of all parts in the IEC/IEEE 60076 series, published under the general title Powe
transformers, can be found on the IEC website.

The IEC Technical Committeexand IEEE Technical Committee have decided that the content
qf this publication will remain-unchanged until the stability date indicated on the IEC websit
ynder "http://webstore.iec.ch” in the data related to the specific publication. At this date, th
publication will be

*| reconfirmed,

o withdrawn,

°| replacedsby a revised edition, or
| amended.

I

bilingual version of this publication may be issued at a later date.

1) relationship between transformer rated power and the output current from the associated

testing regime has been strengthened to ensure transformers are suitable (for’ the harsh

=}

WU’

1 A list of IEEE participants can be found at the following URL: https://standards.ieee.org/project/60076-16.html
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POWER TRANSFORMERS -

Part 16: Transformers for wind turbine applications

Scope

Lo

—

[ QY

his part of IEC 60076 applies to dry-type and liquid-immersed transformers for wind turbin
tep-up applications having a winding with highest voltage for equipment up to and includin
2,5 kV. This document applies to the transformer used to connect the wind turbine generato|
b the wind farm power collection system or adjacent distribution network and. not th
fansformer used to connect several wind turbines to a distribution or transmission network.

O & D

ransformers covered by this document comply with the relevant requirements prescribed in
he IEC 60076 standards or IEEE C57 standards.

Normative references

he following documents are referred to in the text in sugh\a way that some or all of theifr
ontent constitutes requirements of this document. For/dated references, only the edition
ited applies. For undated references, the latest edition.of. the referenced document (including
ny amendments) applies.

.1 IEC references

EC 60076-1, Power transformers — Part 1: General
—C 60076-2, Power transformers — Part-2: Temperature rise for liquid-immersed transformer§

FC 60076-3, Power transformers®— Part 3: Insulation levels, dielectric tests and externgl
learances in air

EC 60076-5, Power transformers — Part 5: Ability to withstand short circuit

EC 60076-7, Power>transformers — Part 7: Loading guide for mineral-oil-immersed powey
ransformers

EC 6007611, Power transformers — Part 11: Dry-type transformers

EC 60076-12, Power transformers — Part 12: Loading guide for dry-type power transformers

high-temperature insulating materials

POW?eS P OTTTTE

IEC 61378-1, Converter transformers — Part 1: Transformers for industrial applications

2.2 IEEE references

IEEE Std C57.12.00™, |EEE Standard for General Requirements for Liquid-Immersed
Distribution, Power, and Regulating Transformers

IEEE Std C57.12.01™, |EEE Standard for General Requirements for Dry-Type Distribution
and Power Transformers
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IEEE Std C57.12.80™, IEEE Standard Terminology for Power and Distribution Transformers

IEEE Std C57.91™, |[EEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-
Voltage Regulators

IEEE Std C57.96™, IEEE Guide for Loading Dry-Type Distribution and Power Transformers

IEEE Std C57.110™, |EEE Recommended Practice for Establishing Liquid-Filled and Dry-
Type Power _and Distribution Transformer Capability When Supplying Nonsinusoidal Load
Currents

IEEE Std C57.154™  |EEE Standard for the Design, Testing, and Application of_ Liquid|
Immersed Distribution, Power, and Regulating Transformers Using High-Teniperatur
Insulation Systems and Operating at Elevated Temperatures

D

ANSI C84.1, Electric Power Systems and Equipment — Voltage Ratings (60-Hz)

.3 ISO references

D)

IBO 12944 (all parts), Paints and varnishes — Corrosion protection of steel structures b
rotective paint systems

=

1”2

IBO 12944-4, Paints and varnishes — Corrosion protection-of steel structures by protectiv
Aaint systems — Part 4: Types of surface and surface preparation

4.4 CENELEC references

BN 50588-1:2015, Medium power transformers.50 Hz, with highest voltage for equipment ngt
gxceeding 36 kV — Part 1: General requirements

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

IBO and IEC maintain terminological databases for use in standardization at the following
gddresses:

¢ |EC Electropediai available at http://www.electropedia.org/

¢ |SO Online browsing platform: available at http://www.iso.org/obp
3.1

wind turbine transformer

denerator step up transformer connecting the wind turbine to the power collection system o
thelwind farm or the adjacent distribution network for single turbine installations

)

3.2

tower

supporting structure of the wind turbine on top of which the nacelle with generator and other
equipment is located

3.3

nacelle

housing that contains the drive-train and other elements on top of a horizontal-axis wind
turbine tower

[SOURCE: IEC 60050-415:1999, 415-01-07]
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3.4
effective cooling medium

ambient air, either internal or external to the tower or nacelle, or cooling water that comes into

contact with the cooling surface of the transformer

3.5
compartmentalized type transformer

transformer with integral enclosure comprised of multiple independent compartments, usually

with separate entrances into the HV and LV termination compartments

.6

jealed transformer

tfansformer which is so constructed that the external atmosphere is not intended-to gai
gccess to the interior

a7

outine sample test

bst which is usually defined as a type test or special test but carried.out as an additiona
putine test on a random sample of transformers

= = ¢

4 Use of normative references

This standard can be used with either the IEC or IEEE normative references but th
references shall not be mixed. The purchaser shall include in the enquiry and order whic
rnormative references are to be used. If the choice, of-hormative references is not specified
then IEC standards shall be used except for wind_tufbine transformers intended for installatio
ih North America where |IEEE standards shall be_used.

§ Rating

The transformer rating specified byithe purchaser shall take into account the maximun
durrent delivered to the transfofmer by the associated wind turbine generator systen
ifrespective of the operating voltage and power factor.

6 Service conditions

q.1 Normal service conditions
q6.1.1 General

The normal™ service conditions detailed in IEC 60076-1 or IEEE Std C57.12.00 fo
l[jquid-immersed transformers or the normal service conditions in IEC 60076-11 o
IEEEStd C57.12.01 for dry-type transformers shall apply unless otherwise stated in thi
q

D

LA B |

otument or specified by the purchaser.

6.1.2 Temperature of external cooling medium

If the transformer is installed external to the tower or nacelle, the normal conditions specified

in IEC 60076-1 or IEEE Std C57.12.00 for liquid-immersed transformers and IEC 60076-11 o

r

IEEE Std C57.12.01 for dry-type transformers shall apply, unless otherwise specified. If the
transformer is installed within the tower or nacelle then particular conditions apply as shown

in 6.2.
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