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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

POWER TRANSF。RMERS -

Part 16: Transformers for w ind turbine applications 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical c。mmittees (I EC National Committees). The 。时ect of IEC is to promote 
international co-operation 。n all questions concerning standardization in the electrical and electronic fields To 
this end and in add ition to other activities , IEC publishes International Standards, Technical Specifications, 
Technical Rep。rts , Publicly Available Specifications (PAS) and Gu ides (hereafter referred to as "IEC 
Publicati。n(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt wi th may participate in this preparat。ry work lnternati。nal, governmental and non­
governmental organizations liaising wi th the IEC also partic ipate in this preparation 

IEEE Standards d。cuments are developed within IEEE Societies and Standards c。。rdinating Committees 。f the 
IEEE Standards Ass。ciati。n (IEEE-SA) Standards B。ard. IEEE devel。ps its standards through a consensus 
development process, appr。ved by the American Nati。nal Standards Institute, which brings together vol unteers 
『epresenting varied viewp。ints and interests t。 achieve the final pr。duct. Volunteers are not necessarily 
members 。f IEEE and serve without compensation While IEEE administers the process and establishes rules 
to pron、。te fairness in the consensus developn、ent process, IEEE does n。t independentl y evaluate, test, or 
verify the accuracy of any of the inf。r町、ati on c。ntained in its standards Use of IEEE Standards docun、ents 1s 
whol ly v。luntary. IEEE documents are made available for use subject to important notices and legal disclaimers 
(see http://standards.ieee.org/IPR/disclaimers.html for more in旬rmalion).

IEC collab。rates cl。sely with IEEE in acc。rdance with c。nditi。ns determined by agreement between the tw。
。rganizations . This Dual Log。 lnternati。nal Standard was jointly developed by the IEC and IEEE under the 
terms of that agreement 

2) The formal decisions of I EC 。n technical matters express, as nearly as possible, an international consensus of 
。pinion on the relevant subjects since each technical committee has representati。n f rom all interested IEC 
National Committees. The formal decisi。ns 。f IE EE on technical matters，。nce c。nsensus within IEEE S。cieties
and Standards Co。时，nating C。mm ottees has been reached, is determined by a balanced ballot of materially 
interested parties wh。 ind icate interest in reviewing the prop。sed standard Final appr。val of the IEEE 
standards d。cument i s given by the IEEE Standards Ass。c1ati。n (IEEE-SA} Standards Board 

3) IEC/IEEE Publicati。ns have the form 。f recommendations for international use and are accepted by IEC 
Nati。nal Committees/IEEE S。cieties on that sense. While al I reasonable e时orts are made t。 ensure that the 
technical c。ntent 。f IEC/IEEE Pu blicati。ns is accurate, IEC or IEEE cannot be held responsible for the way in 
which they are used or f。r any misinterpretation by any end user. 

4) I n 。rder to prom。te internati。na l uni formi ty, IEC National Committees undertake t。 apply I EC Publications 
(including IEC/IEEE Publications) transparently to the maximum extent possible in their nati。nal and regional 
publ ications Any diveroence between any IEC/IEEE Publication and the correspo。dino national or reo1onal 
publ ication shall be clearly indicated in the latter 

5) IEC and IEEE d。 not provide any atlestali。n 。f c。nformity. Independent certi ficati。n bodies pr。vode conf。rmity
assessment services and, in s。me areas , access to IEC marks of conformity. IEC and IEEE are not resp。nsible
f。r any services carried out by independent certificati。n b。dies

6) All users sh。uld ensure that they have the latest edition of this publication 

7) No liability shall attach t。 I EC 。r I EEE 。r their direct。用， empl。yees, servants or agents including ind ividual 
experts and members of techn ical committees and IEC National c。mmittees， 。『 volunteers 。f IEEE S。cieties
and the Standards c。。rdinating C。mm ittees of the IEEE Standards Associati。n (IEEE-SA) Standards B。ard,
1。r any pers。nal injury, prope川y damage 。r other damage of any nature whats。ever, whether direct 。r indirect. 
。r for c。sts (including legal fees) and expenses arising 。ut of the publicati。n, use of. 。r reliance up。n, this 
IEC/IEEE Publication 。r any 。ther IEC 。r IEEE Publicati。ns

8) Attention is drawn to the normative references cited in this publicati。n. Use 。f the referenced publicati。ns i s 
indispensable f。r the c。rrect application 。f this pυbl icat i。n.

9) Attention is drawn to theρossibil ity that implementation of this IEC/IEEE Publication may require use of 
material c。vered byρatent rights By publication 。f this standard , no positi。n is taken with respect t。 the
existence 。r validity of any patent rights in connecti。n therewith. IEC or IEEE shall not be held responsible for 
1denhfying Essential Patent Claims for which a license n、ay be required , for conducting inquiries int。 the legal 
val idity or scope 。f Patent Clain、s 。r determining whether any l icensing terms or condit i。ns pr。voded in 
connecti。n with submission 。f a Letter of Assurance, if any , or in any licensing agreements are reasonable or 
non-discnm inat。ry. Users 。f this standard are expressly advised that determinati。n 。f the validity 。f any patent 
rights, and the risk 。f infringen、ent of such rights . is entirely their own responsibil ity. 
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International Standa『d IEC/IEEE 60076-1 6 has been prepa『ed 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: 

1 ）『elati onship between transfo『mer rated power and the output current from the associated 
generator is introduced; 

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

3) testing reg ime has been strengthened to ensure t ransformers are suitab le for the harsh 
electrica l 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 fo llowing IEC documents. 

FDIS 

141959/FDIS 

Rep。rt 。n v。ting

141965/RVO 

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

International Standards are drafted in accordance with the rules given in the ISO/I EC 
Directives, Part 2. 

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

The IEC Technical Committee and IEEE Technical Committee have decided that the contents 
of this publication w ill remain unchanged until the stability date indicated on the IEC website 
unde『”http ://webs tore. iec.ch” in the data related to the specific publication. At th is date, the 
publication will be 

reconfi rmed, 
w ithdrawn, 

replaced by a revised edition, or 

a门iended.

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

1 A hst 。f IEEE participants can be found at the f。”。wing URL: https llstanda rds.ieee 。rg/pr。ject/60076-16 html 
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Part 16: Transformers for wind turbine applications 

1 Scope 

This part of I EC 60076 applies to dry-type and liquid-immersed transformers for wind turbine 
step-up applications having a winding with highest voltage for equipment up to and including 
72,5 kV. This document applies to the transformer used to connect the wind turbine generator 
to the wind fa rm power collection system or adjacent distribution network and not the 
transformer used to connect several wind turbines to a distribution or transmission network 

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

2 Normative references 

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

2.1 IEC references 

IEC 60076斗 ， Power transformers - Part 1: General 

IEC 60076亿， Power transformers - Part 2: Temperature rise 旬r liquid-immersed transformers 

IEC 60076-3, Power transformers - Part 3: Insulation leνels, dielectric tests and external 
clearances in air 

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

IEC 60076平， Power transformers Part 7: Loading guide for mineral-oil-immersed power 
transformers 

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

IEC 60076-12, 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 

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

2.2 IEEE references 

IEEE Std C57. 12.00T"' , IEEE Standard for General Requirements for Liquid-Immersed 
Distribution, Power, and Regulating Transformers 

IEEE Std C57. 1 2 . 0 1 阳’ IEEE Standard for General Requirements for Dry-Type Distribution 
and Power Transformers 
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IEEE Std C57 .9 1 阳， IEEE Guide for Load川g Mineral-Oil-Immersed Transformers and Step­
Voltage Regulators 

IEEE Std C57.96 ＇仇·1, IEEE Guide for Loading Dry-Type Distribution and Power Transformers 

IEEE Std C57.11 0'”, IEEE Recommended Practice for Establishing Liquid-Filled and Dry­
Type Power and Distribution Trans句rmer Capability When Supplying Nonsinusoidal Load 
Currents 

IEEE Std C57 .154 ' "', IEEE Standard for the Design, Testing, and Application of Liquid­
Immersed Distribution, Power, and Regulating Transformers Using High-Temperature 
Insulation Systems and Operating at Elevated Temperatures 

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

2.3 ISO references 

ISO 12944 (all parts), Paints and varnishes - Corrosion protection of steel structures by 
protective paint systems 

ISO 12944-4, Paints and varnishes - Corrosion protection of steel structures by protective 
paint systems - Part 4: Types of surface and surface preparation 

2.4 CENELEC references 

EN 50588-1 :2015, Medium power transformers 50 Hz, with highest voltage for equipment not 
exceeding 36 kV - Part 1: General requirements 

3 Terms and definitions 

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

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

• IEC Elect『opedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 
wind turbine transf。rmer
generator step up transformer connecting the wind turbine to the power collection system of 
the wind farm or the adjacent distribution network for single turbine installations 

3.2 
t。wer
supporting structu『e 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 othe『 elements on top of a ho『izontal-axis wind 
turbine tower 

[SOURCE: IEC 60050-4 15: 1999, 415-01-07] 



3.4 
effective c。。ling medium 

- 8 - IEC/IEEE 60076-16:2018 
。 I EC/I EEE 2018 

ambient air, either in ternal or external to the tower or nacelle，。r cool ing water that comes into 
contact with the cooling surface of the transformer 

3.5 
compartmentalized type transf。rmer
trans fo『me『 wi th integral enclosure comprised of mult iple independent compartments, usually 
with sepa『ate entrances into the HV and LV termination compartments 

3.6 
sealed transf。rmer
transforme『 which is so constructed that the external atmosphere is not intended to gain 
access to the interior 

3.7 
routine sample test 
test which is usually defined as a type tes t or special test but carried out as an additional 
routine test on a random sample of transformers 

4 Use of normative references 

This standa『d can be used with either the IEC o『 IEEE normative references but the 
ref e『ences shall not be mixed. The purchaser shall include in the enquiry and order which 
normative references are to be used . If the choice of normative 『eferences is not specified, 
then IEC standards shall be used except for wind turbine transformers intended for installation 
in North America where IEEE standa『ds shall be used 

5 Rating 

The transformer rating specif ied by the purchaser shall take into account the maximum 
current delivered to the transfo『me『 by the associated wind turbine generator system 
irrespective of the operating voltage and power factor. 

6 Service conditions 

6.1 N。r町、 al service c。nd1t1。ns 

6.1.1 General 

The normal service conditions detailed in IEC 60076-1 or IEEE Std C57. 12.00 to『

liquid-immersed transformers or the normal service conditions in IEC 60076-11 or 
IEEE Std C57 .12.0 1 for dry-type transformers shall apply unless otherwise stated in th is 
document or specified by the purchaser. 

6.1.2 Temperature 。f 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 I EC 60076-11 or 
IEEE Std C57. 12.01 for d『y-type transformers shall apply, unless otherwise specified. If the 
transformer is installed within the tower or nacelle then particu lar conditions apply as shown 
in 6.2. 
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6.2 Part icular service conditi。ns f。r transf。 rmers installed in a tower 。r nacelle 

6.2.1 General 

Where the transformer is installed in a tower o『 nace ll e then higher temperatu『es of the 
cooling medium local to the t ransformer may be expected 

6.2.2 Temperature r ise correcti。n

Based on the ambient conditions of the installat ion, the purchaser shall specify the yearly 
average and maximum temperature of the effective cooling medium (e.g. a i『 or water). If the 
yearly average or ma川mum temperature of the cooling medium exceeds the relevant va lue in 
the respective standard, the difference between the va lues and the "normal service conditions" 
va lues shall be subtracted f『om the temperature rise limits specified in IEC 60076-2, 
IEC 60076-11 or IEEE Std C57 .12.00 as follows: 

Kmax = T max ecm - T max std 

Kav = Tav ecm - Tav std 

where 

Kmax is the temperatu『e correction for the maximum ambient temperature, 

Kav is the temperature correction for the yearl y average ambient tempe『atu re; 

T max ecm is the maximum temperature of the effective cooling medium; 

T max std is the maximum ambient temperatu『e of the effective cooling medium according to 
the re levant standard; 

Tav ecm is the average temperature of the effective cooling medium; 

Tav std is the yearly average ambient temperature of the effective cooling medium 
according to th e 『elevant standard. 

Kav can be used in determining the temperature rise limit of average winding and winding 
hot-spot temperatu『es in all transformers. In liquid-immersed transformers Kmax can be used 
in determining the temperature rise limit for the top liquid temperature. 

If the only available information is the maximum ambient temperature, the increase of the 
yearly average ambient temperature can be assumed to be the same as the increase of the 
maximum ambient temperature. making Kav and Kmax equal 

For example, for a transformer using insulation material of thermal class 105 (regular kraft 
paper immersed in mineral oil ) installed in an environment where the ave『age temperatu『e is 
32 。c and the maximum ambient temperature is 48 •c , the corrected temperature rise limits 
based on IEC 60076-2 would be 

Kav = (32-20) =1 2K 

t!,.Ow = 65 - Kav = 65 - 12 = 53 K 

t!,.Ot, = 78 - Kav = 78 - 12 = 66 K 

For liquid-immersed transformers Kmax can be applied 

Kmax = (48 - 40) = 8 K 
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Another example, for a transformer using thermally upgraded insulation mate门al (thermally 
upgraded kraft paper immersed in mineral oil) w ith similar conditions to the previous example’ 
the corrected tempe『atu re 『ise limits based on IEEE Std C57.12.00 would be: 

Kav = (32 - 30) = 2 K 

ti.Ow = 65 - Kav = 65 - 2 = 63 K 

Aθh = 80 - Kav = 80 - 2 = 78 K 

For liquid-immersed transformers Kmax can be applied 

Kmax = (48 - 40) = 8 K 

60.。＝ 65 - Kmax = 65 - 8 = 57 K 

where, 

ti.Ow is the average winding temperature rise; 

61'Ji、 is the winding hot-spot temperature rise; 

68.。 is the top liquid temperature rise. 

For the transformers installed in a tower or nacelle, the purchaser shall carefu lly cons ide『 the

influence on the temperature of the enclosure, heat generated by other equipment and by the 
transforme『 itself, and the cooling system I air renovation system, if applicable. As reference, 
if no belle『 i nformation is ava i lab悔， the thermal loading of the transformer, in kilowatts, can 
be estimated as 1,5 % of its rated power (kVA) 

The effect of exte『nal direct solar radiation should be taken into account by the pu『chase『
when calculating the temperature of the effective cooling medium. Methods for determining 
the effect are given in IEC 60721 -3-4. 

6.3 Content of harmon ic currents in the transformer 

The purchaser shall evaluate the magnitude and f『equency of the harmonic currents supplied 
to the transformer. 

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

Where tota l harmonic content is greater than 5 % the pu『chaser shall specify the magnitude 
and frequencies of all harmonic currents supplied to the transformer. The manufacturer shall 
ca lculate the additional losses at rated power caused by these cu『rents 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 shal l be supplied w ith an additional current to 
represent the additional harmonic losses for the purpose of determining the temperature rises. 

A method to ca lcu late the impact of the harmonic currents on the design of the transformer is 
given in IEC 61378-1 or IEEE Std C57 .110. 
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