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IEC 61400-24 NOTE Approved as EN IEC 61400-24 

ISO 9000 NOTE Approved as EN ISO 9000 
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Normative references to international publications 
with their corresponding European publications 

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

NOTE 1   Where an International Publication has been modified by common modifications, indicated by (mod), 
the relevant EN/HD applies.  

NOTE 2   Up-to-date information on the latest versions of the European Standards listed in this annex is available 
here: www.cencenelec.eu. 

Publication Year Title EN/HD Year 

IEC 61400-1 2019 Wind energy generation systems - Part 1: 
Design requirements 

EN IEC 61400-1 2019 

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

EN IEC 61400-3-1 - 

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

- - 

IEC 61400-8 - Wind energy generation systems - Part 8:
Design of wind turbine structural 
components 

EN IEC 61400-8 - 

IEC/TS 61400-30 - Wind energy generation systems - Part 30:
Safety of wind turbine generators - General 
principles for design 

- - 

ISO 281 - Rolling bearings - Dynamic load ratings
and rating life 

- - 

ISO 683 series Heat-treatable steels, alloy steels and free-
cutting steels 

EN ISO 683 series 

ISO 683-17 - Heat-treatable steels, alloy steels and free-
cutting steels - Part 17: Ball and roller
bearing steels

EN ISO 683-17 - 

ISO 898-1 - Mechanical properties of fasteners made of
carbon steel and alloy steel - Part 1: Bolts,
screws and studs with specified property
classes - Coarse thread and fine pitch
thread

EN ISO 898-1 - 

ISO 898-2 - Fasteners - Mechanical properties of
fasteners made of carbon steel and alloy
steel - Part 2: Nuts with specified property
classes

EN ISO 898-2 -
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Publication Year Title EN/HD Year 

ISO 898-3 - Mechanical properties of fasteners made of
carbon steel and alloy steel - Part 3: Flat
washers with specified property classes

EN ISO 898-3 - 

ISO 1328-1 - Cylindrical gears - ISO system of accuracy
- Part 1: Definitions and allowable values of
deviations relevant to corresponding flanks
of gear teeth

- - 

ISO 3104 - Petroleum products - Transparent and
opaque liquids - Determination of kinematic 
viscosity and calculation of dynamic 
viscosity 

EN ISO 3104 - 

ISO 4042 - Fasteners - Electroplated coating systems EN ISO 4042 - 

ISO 4406 - Hydraulic fluid power - Fluids - Method for
coding the level of contamination by solid
particles

- - 

ISO 6336 series Calculation of load capacity of spur and 
helical gears 

- - 

ISO 6336-1 2019 Calculation of load capacity of spur and 
helical gears - Part 1: Basic principles, 
introduction and general influence factors 

- - 

ISO 6336-2 2019 Calculation of load capacity of spur and 
helical gears - Part 2: Calculation of 
surface durability (pitting) 

- - 

ISO 6336-3 2019 Calculation of load capacity of spur and 
helical gears - Part 3: Calculation of tooth 
bending strength 

- - 

ISO/TS 6336-4 - Calculation of load capacity of spur and 
helical gears - Part 4: Calculation of tooth 
flank fracture load capacity 

- - 

ISO 6336-5 2016 Calculation of load capacity of spur and 
helical gears - Part 5: Strength and quality 
of materials 

- - 

ISO 6336-6 2019 Calculation of load capacity of spur and 
helical gears - Part 6: Calculation of 
service life under variable load 

- - 

ISO/TS 6336-20 - Calculation of load capacity of spur and 
helical gears - Part 20: Calculation of 
scuffing load capacity - Flash temperature 
method 

- - 

ISO/TS 6336-21 - Calculation of load capacity of spur and 
helical gears - Part 21: Calculation of 
scuffing load capacity - Integral 
temperature method 

- - 

ISO/TS 6336-22 - Calculation of load capacity of spur and 
helical gears - Part 22: Calculation of 
micropitting load capacity 

- - 

ISO 6618 - Petroleum products and lubricants -
Determination of acid or base number -
Coulour-indicator titration method

- - 
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Publication Year Title EN/HD Year 

ISO 6619 - Petroleum products and lubricants;
neutralization number; potentiometric
titration method

- - 

ISO 7146-1 - Plain bearings - Appearance and
characterization of damage to metallic
hydrodynamic bearings - Part 1: General

- - 

ISO 8579-1 - Acceptance code for gear units - Part 1:
Test code for airborne sound

- - 

ISO/TR 10064-3 - Code of inspection practice - Part 3:
Recommendations relative to gear blanks,
shaft centre distance and parallelism of
axes

- - 

ISO 10683 - Fasteners - Non-electrolytically applied
zinc flake coating systems

EN ISO 10683 - 

ISO 10825-1 - Gears - Wear and damage to gear teeth -
Part 1: Nomenclature and characteristics

- - 

ISO 12925-1 - Lubricants, industrial oils and related
products (class L) - Family C (Gears) - Part 
1: Specifications for lubricants for enclosed
gear systems

- - 

ISO 14104 - Gears - Surface temper etch inspection
after grinding

- - 

ISO 14635-1 2023 Gears - FZG test procedures - Part 1: FZG 
test method A/8,3/90 for relative scuffing 
load-carrying capacity of oils 

- - 

ISO 15243 2017 Rolling bearings - Damage and failures - 
Terms, characteristics and causes 

- - 

ISO 16281 2025 Rolling bearings - Methods for calculating 
the modified reference rating life for 
universally loaded rolling bearings 

- - 

ISO 17956 2025 Rolling bearings - Method for calculating 
the effective static safety factor for 
universally loaded rolling bearings 

- - 

ISO 21920-1 - Geometrical product specifications (GPS) -
Surface texture: Profile - Part 1: Indication 
of surface texture 

EN ISO 21920-1 - 

ISO 21920-2 - Geometrical product specifications (GPS) -
Surface texture: Profile - Part 2: Terms, 
definitions and surface texture parameters 

EN ISO 21920-2 - 

ISO 21920-3 - Geometrical product specifications (GPS) -
Surface texture: Profile - Part 3: 
Specification operators 

EN ISO 21920-3 - 

ANSI/AGMA 6001 - Design and selection of components for
enclosed gear drives 

- - 

ANSI/AGMA 6123 - Design manual for enclosed epicyclic gear
drives

- - 

ASTM D445 - Standard test method for kinematic
viscosity of transparent and opaque liquids
(and calculation of dynamic viscosity)

- - 
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ASTM D664 - Standard test method for acid number of
petroleum products by potentiometric
titration

- - 

ASTM D974 - Standard test method for acid and base
number by color-indicator titration

- - 

ASTM D5185 - Standard test method for multielement
determination of used and unused
lubricating oils and base oils by inductively
coupled plasma atomic emission
spectrometry (ICPAES)

- - 

ASTM D6304 - Standard test method for determination of
water in petroleum products, lubricating
oils, and additives by coulometric Karl
Fischer titration

- - 

DIN 471 - Retaining rings for shafts - Normal type
and heavy type

- - 

DIN 472 - Circlips (retaining rings) for bores: Normal
type and heavy type

- - 

DIN 743 series Calculation of load capacity of shafts and 
axles 

- - 

DIN 3990-16 - Calculation of load capacity of cylindrical 
gears - Part 16: Determination of the 
micro-pitting load-carrying capacity of 
lubricants using FZG test method GT-
C/8.3/90 

- - 

DIN 6885-1 - Drive type fastenings without taper action; 
Parallel keys, keyways, deep pattern 

- - 

DIN 6892 - Mitnehmerverbindungen ohne Anzug - 
Passfedern - Berechnung und Gestaltung 

- - 

DIN 7190 - Interference fits - Calculation and design 
rules 

- - 

DIN 51399-1 - Testing of lubricants - Determination of 
elements content in additives, wear and 
other contaminations - Part 1: Direct 
determination by optical emission spectral 
analysis with inductively coupled plasma 
(ICP OES) 

- - 

DIN 51777 - Petroleum products - Determination of 
water content using titration according to 
Karl Fischer 

- - 

DIN 51819-3 - Testing of lubricants - Mechanical-dynamic
testing in the roller bearing test apparatus 
FE8 - Part 3: Test method for lubricating 
oils - Applied test bearing: axial cylindrical 
roller bearing 

- - 

FVA 563 I - FVA Guideline: Recommendations for the
standardization of load carrying capacity
test on hardened and tempered cylindrical
gears, Research Association for Drive
Technology (FVA)

- - 
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VDI 2230-1 2015 Systematic calculation of highly stressed 
bolted joints - Joints with one cylindrical 
bolt 

- - 

VDI 2230-2 2014 Systematic calculation of highly stressed 
bolted joints - Multi bolted joints 

- - 

VDI/VDE 2862-2 - Minimum requirements for application of
fastening systems and tools - Applications
in plant construction, mechanical
engineering, equipment manufacturing and
for flange connections in components
under pressure boundary

- - 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
WIND ENERGY GENERATION SYSTEMS –  

 
Part 4: Design requirements for wind turbine gearboxes 

 
FOREWORD 

1) ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) 
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC 
participate in the development of International Standards through technical committees established by the 
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees 
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, 
in liaison with ISO and IEC, also take part in the work. 

2) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, an 
international consensus of opinion on the relevant subjects since each technical committee has representation 
from all interested IEC and ISO National bodies. 

3) IEC and ISO documents have the form of recommendations for international use and are accepted by IEC and 
ISO National bodies in that sense. While all reasonable efforts are made to ensure that the technical content of 
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the way in which they are used 
or for any misinterpretation by any end user. 

4) In order to promote international uniformity, IEC and ISO National bodies undertake to apply IEC and 
ISO documents transparently to the maximum extent possible in their national and regional publications. Any 
divergence between any IEC and ISO document and the corresponding national or regional publication shall be 
clearly indicated in the latter. 

5) IEC and ISO do not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC and ISO marks of conformity. IEC and ISO are not 
responsible for any services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this document. 

7) No liability shall attach to IEC and ISO or their directors, employees, servants or agents including individual 
experts and members of its technical committees and IEC and ISO National bodies 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 ISO/IEC document or any 
other IEC and ISO documents. 

8) Attention is drawn to the Normative references cited in this document. Use of the referenced publications is 
indispensable for the correct application of this document. 

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

IEC 61400-4 has been prepared by IEC technical committee 88: Wind energy generation 
systems, in co-operation with ISO technical committee 60: Gears. It is an International 
Standard. 

It is published as a double logo standard. 

This second edition cancels and replaces the first edition published in 2012. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) extension of the scope to wind turbines above 2 MW reference power; 
b) considerations for converging differing approaches to reliability in gear, bearing and wind 

turbine standards; 
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c) new clause on wind turbine loads specific to drivetrains; 
d) revised clause on verification and validation; 
e) new clause on design requirements for plain bearings; 
f) revised and expanded design considerations for rolling bearings; 
g) revised clause on considerations and requirements in the design and analysis of gearbox 

structural elements; 
h) updated considerations and requirements on lubricants and lubrication systems; 
i) removal of requirements for documenting the compliance of a design with the requirements 

of the document in favour of reference to IECRE OD-501-2. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

88/971/CDV 88/1003A/RVC 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. In ISO, the standard has been approved by 11 P-members out of 12 having 
cast a vote. 

The language used for the development of this International Standard is English.  

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts of the IEC 61400 series, under the general title: Wind energy generation 
systems, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 
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INTRODUCTION 

IEC 61400-4 outlines minimum requirements for specification, design, and verification of 
gearboxes in wind turbines. It does not serve as a complete design specification or instruction 
manual. It is intended for use by experienced designers of wind turbine drivetrains, gearboxes, 
and gears or bearings who are capable of selecting reasonable values for the design factors, 
based on knowledge of similar designs and the effects of such items as lubrication, deflection, 
manufacturing tolerances, metallurgy, residual stress, and system dynamics. 

Any of the requirements of this document may be altered: 

• if more accurate data are available from full scale load tests, precise measurements, 
comprehensive mathematical analysis, or any combination of these; 

• or on the basis of proven operating experience; 

• and if the evidence is accessible for independent assessment (e.g. by an accredited 
renewable energy certification body); 

• and if the accuracy and reliability of the alternative method is demonstrated with respect to 
the safety and reliability of the complete wind turbine drive system. 

 

  

Full document details: BS EN IEC 61400-4:2025

https://doi.org/10.3403/BSENIEC61400?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30210939U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61400-4-2025
http://www.avadocuments.com/doc/bs-en-iec-61400-4-2025


IEC 61400-4:2025 © IEC 2025 – 9 –  

WIND ENERGY GENERATION SYSTEMS –  
 

Part 4: Design requirements for wind turbine gearboxes 
 
 
 

1 Scope 

This part of IEC 61400 is applicable to enclosed speed increasing gearboxes for horizontal axis 
wind turbine drivetrains with a power rating in excess of 500 kW. This document applies to 
newly designed gearboxes for wind turbines installed onshore or offshore. The technical 
requirements given in this document are not intended for repaired or refurbished gearboxes, or 
for the extension of the service life beyond the design life. 

This document provides requirements and guidance on the analysis of the wind turbine loads 
in relation to the design of the gear and gearbox elements. The gearing elements covered by 
this document include such gears as spur, helical or double helical and their combinations in 
parallel and epicyclic arrangements in the main power path. This document does not apply to 
power take off (PTO) gears. 

This document includes requirements, design recommendations, and rating of gearboxes with 
rolling bearings, plain bearings, or combinations of both bearing types. 

Also included are requirements and guidance on the engineering of shafts, shaft hub interfaces, 
lubrication, wind turbine controller interface, and the gear case structure to achieve a design 
that is capable of withstanding the environment and operating conditions of a wind turbine. 
Requirements for dynamic analysis of the gearbox within the wind turbine system are specified 
for the purpose of identifying load levels exceeding the predictions of the global aeroelastic 
simulation. The analysis of noise transmission and emission (e.g. tonal emission at gear mesh 
frequencies) is not within the scope of this edition of the document. 

Further, this document provides requirements and guidance on gearbox design verification, 
prototype testing and production testing, as well as consideration of design for service and 
maintenance.  

A method for a systematic assessment of the design reliability of a gearbox design under 
reference operating conditions is specified in IEC TS 61400-4-11. 

This document is supported by two Technical Reports: IEC TR 61400-4-22 provides additional 
information on lubrication of wind turbine drivetrains and IEC TR 61400-4-33 contains 
explanatory notes and supportive information to the requirements specified in this document. 

___________ 
1  Under preparation. Stage at the time of publication: IEC/DTS 61400-4-1:2024. 

2  Under preparation. Stage at the time of publication: IEC/DTR 61400-4-2:2024. 

3  Under preparation. Stage at the time of publication: IEC/DTR 61400-4-3:2024. 

Full document details: BS EN IEC 61400-4:2025

https://doi.org/10.3403/BSENIEC61400?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61400-4-2025
http://www.avadocuments.com/doc/bs-en-iec-61400-4-2025


 – 10 – IEC 61400-4:2025 © IEC 2025 

2 Normative references 

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

IEC 61400-1:2019, Wind energy generation systems – Part 1: Design requirements 

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

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

IEC 61400-8, Wind energy generation systems – Part 8: Design of wind turbine structural 
components 

IEC TS 61400-30, Wind energy generation systems − Part 30: Safety of wind turbine generators 
− General principles for design  

ISO 281, Rolling bearings – Dynamic load ratings and rating life 

ISO 683 (all parts), Heat-treatable steels, alloy steels and free-cutting steels 

ISO 683-17, Heat-treatable steels, alloy steels and free-cutting steels − Part 17: Ball and roller 
bearing steels 

ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel – Part 1: 
Bolts, screws and studs with specified property classes – Coarse thread and fine pitch thread 

ISO 898-2, Fasteners − Mechanical properties of fasteners made of carbon steel and alloy steel 
− Part 2: Nuts with specified property classes  

ISO 898-3, Mechanical properties of fasteners made of carbon steel and alloy steel – Part 3: 
Flat washers with specified property classes 

ISO 1328-1, Cylindrical gears − ISO system of flank tolerance classification − Part 1: Definitions 
and allowable values of deviations relevant to flanks of gear teeth 

ISO 3104, Petroleum products – Transparent and opaque liquids – Determination of kinematic 
viscosity and calculation of dynamic viscosity 

ISO 4042, Fasteners – Electroplated coating systems 

ISO 4406, Hydraulic fluid power – Fluids – Method for coding the level of contamination by solid 
particles 

ISO 6336 (all parts), Calculation of load capacity of spur and helical gears 

ISO 6336-1:2019, Calculation of load capacity of spur and helical gears – Part 1: Basic 
principles, introduction and general influence factors 

ISO 6336-2:2019, Calculation of load capacity of spur and helical gears – Part 2: Calculation of 
surface durability (pitting) 
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ISO 6336-3:2019, Calculation of load capacity of spur and helical gears – Part 3: Calculation of 
tooth bending strength 

ISO TS 6336-4, Calculation of load capacity of spur and helical gears – Part 4: Calculation of 
tooth flank fracture load capacity 

ISO 6336-5:2016, Calculation of load capacity of spur and helical gears – Part 5: Strength and 
quality of materials 

ISO 6336-6:2019, Calculation of load capacity of spur and helical gears – Part 6: Calculation of 
service life under variable load 

ISO TS 6336-20, Calculation of load capacity of spur and helical gears – Part 20: Calculation 
of scuffing load capacity – Flash temperature method 

ISO TS 6336-21, Calculation of load capacity of spur and helical gears – Part 21: Calculation 
of scuffing load capacity – Integral temperature method 

ISO TS 6336-22, Calculation of load capacity of spur and helical gears – Part 22: Calculation 
of micropitting load capacity 

ISO 6618, Petroleum products and lubricants – Determination of acid or base number – Colour-
indicator titration method 

ISO 6619, Petroleum products and lubricants – Neutralization number – Potentiometric titration 
method 

ISO 7146-1, Plain bearings – Appearance and characterization of damage to metallic 
hydrodynamic bearings – Part 1: General 

ISO 8579-1, Acceptance code for gear units – Part 1: Test code for airborne sound 

ISO TR 10064-3, Code of inspection practice – Part 3: Recommendations relative to gear 
blanks, shaft centre distance and parallelism of axes 

ISO 10683, Fasteners – Non-electrolytically applied zinc flake coating systems 

ISO 10825-1, Gears – Wear and damage to gear teeth – Part 1: Nomenclature and 
characteristics 

ISO 12925-1, Lubricants, industrial oils and related products (class L). Family C (gears) – 
Part 1: Specifications for lubricants for enclosed gear systems 

ISO 14104, Gears – Surface temper etch inspection after grinding, chemical method 

ISO 14635-1:2023, Gears – FZG test procedures – Part 1: FZG test method A/8,3/90 for relative 
scuffing load-carrying capacity of oils 

ISO 15243:2017, Rolling bearings – Damage and failures – Terms, characteristics and causes 

ISO 16281:2025, Rolling bearings – Methods for calculating the modified reference rating life 
for universally loaded bearings 

ISO 17956:2025, Rolling bearings – Method for calculating the effective static safety factor for 
universally loaded rolling bearings 
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ISO 21920-1, Geometrical product specifications (GPS) – Surface texture: Profile – Part 1: 
Indication of surface texture 

ISO 21920-2, Geometrical product specifications (GPS) – Surface texture: Profile – Part 2: 
Terms, definitions and surface texture parameters 

ISO 21920-3, Geometrical product specifications (GPS) – Surface texture: Profile – Part 3: 
Specification operators 

ANSI/AGMA 6001, Design and selection of components for enclosed gear drives 

ANSI/AGMA 6123, Design manual for enclosed epicyclic gear drives 

ASTM D445, Standard test method for kinematic viscosity of transparent and opaque liquids 
(and calculation of dynamic viscosity) 

ASTM D664, Standard test method for acid number of petroleum products by potentiometric 
titration 

ASTM D974, Standard test method for acid and base number by color-indicator titration 

ASTM D5185, Standard test method for multielement determination of used and unused 
lubricating oils and base oils by inductively coupled plasma atomic emission spectrometry (ICP-
AES) 

ASTM D6304, Standard test method for determination of water in petroleum products, 
lubricating oils, and additives by coulometric Karl Fischer titration 

DIN 471, Circlips (retaining rings) for shafts: Normal type and heavy type 

DIN 472, Circlips (retaining rings) for bores: Normal type and heavy type 

DIN 743 (all parts), Calculation of load capacity of shafts and axles 

DIN 3990-16, Calculation of load capacity of cylindrical gears – Part 16: Determination of the 
micro-pitting load-carrying capacity of lubricants using FZG test method GT-C/8.3/90 

DIN 6885-1, Drive type fastenings without taper action; Parallel keys, keyways, deep pattern 

DIN 6892, Mitnehmerverbindungen ohne Anzug – Passfedern – Berechnung und Gestaltung 
(available in German only) 

DIN 7190, Interference fits – Calculation and design rules 

DIN 51399-1, Testing of lubricants – Determination of elements content in additives, wear and 
other contaminations – Part 1: Direct determination by optical emission spectral analysis with 
inductively coupled plasma (ICP OES) 

DIN 51777, Petroleum products – Determination of water content using titration according to 
Karl Fischer 

DIN 51819-3, Testing of lubricants – Mechanical-dynamic testing in the roller bearing test 
apparatus FE8 – Part 3: Test method for lubricating oils – Applied test bearing: axial cylindrical 
roller bearing 
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FVA 563 I, FVA Guideline: Recommendations for the standardization of load carrying capacity 
test on hardened and tempered cylindrical gears, Research Association for Drive Technology 
(FVA). Frankfurt, 2012 

VDI 2230-1:2015, Systematic calculation of highly stressed bolted joints – Joints with one 
cylindrical bolt 

VDI 2230-2:2014, Systematic calculation of highly stressed bolted joints – Multi bolted joints 

VDI/VDE 2862-2, Minimum requirements for application of fastening systems and tools – 
Applications in plant construction, mechanical engineering, equipment manufacturing and for 
flange connections in components under pressure boundary 

3 Terms, definitions, abbreviated terms, units and conventions 

3.1 Terms and definitions 

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

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

• IEC Electropedia: available at https://www.electropedia.org/ 

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

3.1.1  
bearing reference load 
load derived from the reference torque acting at the load application point 

3.1.2  
bulk lubricant temperature 
temperature of the lubricant that is representative of the overall volume of the lubricant within 
the lubrication system 

3.1.3  
design load 
load value that the turbine and its components are designed to withstand 

Note 1 to entry: Design loads are obtained by applying the appropriate partial load factors to the characteristic load 
in accordance with IEC 61400-1, IEC 61400-3-1, and IEC TS 61400-3-2. 

3.1.4  
design validation 
confirmation, through the provision of objective evidence, that the requirements for a specific 
intended use or application have been fulfilled 

[SOURCE: IEC 60050-192:2024, 192-01-18, modified – "design" has been added to the term, 
notes to entry have been deleted.] 

3.1.5  
design verification 
confirmation, through the provision of objective evidence, that specified requirements have 
been fulfilled 

[SOURCE: IEC 60050-192:2024, 192-01-17, modified – "design" has been added to the term, 
notes to entry have been deleted.] 
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3.1.6  
equivalent load 
load which when repeated for a specified number of cycles causes the same damage as the 
actual load variation if a specified life exponent applies 

Note 1 to entry: When applied to load ranges, the equivalent load does not take the mean-stress level of the load 
cycles into account. 

3.1.7  
excitability 
ability of a specific gearbox element to experience a forced vibration response due to the 
interaction of resonances and excitation sources 

3.1.8  
extreme load 
design load from any source, either operating or non-operating, that is the largest absolute 
value of the respective load component 

Note 1 to entry: This component can be a force, a moment, a torque, or a combination of these. 

3.1.9  
interface 
boundary of the gearbox that is either a physical mount to another wind turbine subcomponent 
or a path of exchange such as control signals, hydraulic fluid, or lubricant 

3.1.10  
lubricant inlet temperature 
steady-state temperature of the lubricant where it enters the gearbox in pressure-fed or 
combined lubrication systems 

3.1.11  
maximum operating load 
highest load determined by the design load cases used in fatigue analysis including partial load 
safety factor as defined in IEC 61400-1, IEC 61400-3-1, and IEC TS 61400-3-2 

3.1.12  
model validation 
process of determining the degree to which the model is an accurate representation of 
corresponding physical experiments from the perspective of the intended uses of the model 

Note 1 to entry: See ASME V&V 10. 

3.1.13  
model verification 
process of determining that a computational model accurately represents the underlying 
mathematical model and its solution 

Note 1 to entry: See ASME V&V 10. 

3.1.14  
hydrodynamic lubrication 
condition where sliding surfaces are completely separated by a lubricant film 

3.1.15  
mixed lubrication 
operation of a plain bearing with less than the minimum permissible lubricant film thickness 
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3.1.16  
rainflow matrices 
representation of fatigue loads using a two-dimensional matrix containing counts of cycle 
occurrence within sub-ranges of cyclic means and amplitudes 

Note 1 to entry: See Annex A. 

3.1.17  
reference power 
arbitrarily chosen datum within the range of power set points of the wind turbine variants for 
which a gearbox type is designed 

3.1.18  
reference speed 
arbitrarily chosen datum within the range of rotor speed set points of the wind turbine variants 
for which a gearbox type is designed 

3.1.19  
reference torque 
torque value calculated from reference power and reference speed divided by the efficiency of 
the wind turbine, within the range of torque set points of the wind turbine variants for which a 
gearbox type is designed 

3.1.20  
service life 
duration for which the gearbox performs its design function under actual operating conditions 
without unplanned costs for maintenance and repair 

3.1.21  
time series 
set of time sequences of loads, describing different operational regimes of the wind turbine 

Note 1 to entry: These time series together with their corresponding occurrences specify the load history during the 
entire design life. 

3.2 Abbreviated terms and units 

This document uses equations and relationships from several engineering specialties. As a 
result, there are, in some cases, conflicting definitions for the same symbol. All the symbols 
used in the document are nevertheless listed, but, if there is ambiguity, the specific definition 
is presented in the clause where they are used in equations, graphs, or text. 

a1 life adjustment factor for reliability – 

bPl planet wheel face width mm 

Dpw pitch diameter of rolling element set mm 

eC lubricant contamination factor – 

F force N 
FP cumulative pitch deviation (index deviation), total μm 

Fp peak load factor – 

Fr runout μm 

fHβ1 helix slope deviation of the pinion mm 

fHβ2 helix slope deviation of the gear mm 

fma mesh misalignment of a gear set installed in the housing mm 
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fΣδ in-plane deviation of housing or carrier mm 

fΣγ 
resulting mesh misalignment caused by deviations of the shaft 
alignment to the ideal axis projected into the face width mm 

fΣβ out-of-plane deviation of housing or carrier mm 

fε load distribution influence factor – 

hlim minimum permissible lubricant film thickness for hydrodynamic 
lubrication μm 

KA application factor – 

KFα transverse load factor (bending stress) – 

KFβ face load factor (bending stress) – 

KHα transverse load factor (contact stress) – 

KHβ face load factor (contact stress) – 

Kv dynamic factor – 

Kγ mesh load factor – 

kc reliability factor – 

LB length of the bearing bore of a planet with shouldered cylindrical 
bores mm 

Lce distance between middle of the raceways mm 

Li mean load in the ith bin N or N·m 

Lnmr combined modified reference rating life at (100 – n) % reliability 106 rev 

Lnr basic reference rating life at (100 − n) % reliability 106 rev 

LShoulder length of the shoulder of a planet with shouldered cylindrical bores mm 

L10mr,i modified reference rating life at the ith load level at 90 % reliability 106 rev 

M moment N·m 
mn normal module mm 

NL reference number of cycles – 

n reliability expressed as a percentage of failure % 
ni speed at the ith load level – 

nij number of cycles in the ith load level and jth range level – 

nR shaft speed 1/min 

PIN power input kW 

POUT power output kW 

qi portion of time at the ith load level – 

Ra arithmetic mean roughness value according to ISO 6336-2 – 

Rj range loads, peak to peak differential loads in a given fatigue cycle – 

Rrmr material ratio of the gear profile – 

Rq roughness profile (in accordance with the ISO 21920 series) µm 

Rz mean peak-to-valley roughness according to ISO 6336-2 – 

SB safety factor for scuffing in accordance with ISO TS 6336-20 – 
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SF safety factor for bending strength (against tooth breakage) according to 
ISO 6336-3 – 

SH safety factor for surface durability (against pitting) according to  
ISO 6336-2 – 

SintS safety factor for scuffing in accordance with ISO TS 6336-21 – 

SR rim thickness of a planet with cylindrical bores mm 

SRa rim thickness of a planet with shouldered cylindrical bores mm 

SRe rim thickness of a planet with tapered bores mm 

SShoulder 
rim thickness of the shoulder of a planet with shouldered cylindrical 
bores mm 

S0 (bearing) static safety factor – 

Sλ safety factor against micropitting – 

YNT life factor for tooth-root stress for reference test conditions – 

YSg stress correction factor for gears with notches in fillets – 

Yβ helix angle factor (tooth root) – 

ZNT life factor for contact stress for reference test conditions – 

γf partial safety factor for loads – 

γn partial safety factor for consequence of failure – 

κ viscosity ratio – 

Λ ratio of the film thickness to the composite surface finish – 
λlim critical film thickness coefficient – 

λGF,min minimum specific lubricant film thickness – 

λGFP permissible specific lubricant film thickness – 

σH contact stress MPa 

 

AGMA American Gear Manufacturers Association 
ANSI American National Standards Institute 
ASTM American Society for Testing and Materials 
DIN Deutsches Institut für Normung 
DLC design load case  

(as defined in IEC 61400-1, IEC 61400-3-1 and IEC TS 61400-3-2) 
EP extreme pressure 
EXT extreme load (matrices) 
FAT factory acceptance testing 
FEA finite element analysis 
FMEA failure mode and effects analysis 
FMECA failure mode, effects and criticality analysis 
FVA Forschungsvereinigung Antriebstechnik 
FZG "Forschungsstelle für Zahnräder und Getriebebau" TU Munich 
GfT Gesellschaft für Tribologie 
GS generator-side 
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HRC Rockwell hardness scale C 
HS-IS high-speed intermediate shaft 
HS-PC high-speed planet carrier shaft 
HS-PS high-speed planet shaft 
HSS high-speed shaft 
IEC International Electrotechnical Commission 
IECRE IEC system for certification to standards relating to equipment for use in 

renewable energy applications 
ISO International Organization for Standardization 
IS-PC intermediate-speed planet carrier shaft 
IS-PS intermediate-speed planet shaft 
LRD load revolution distribution (histogram) 
LS-IS low-speed intermediate shaft 
LS-PC low-speed planet carrier shaft 
LS-PS low-speed planet shaft (or axle) 
LSS low-speed shaft 
PS planet shaft (or axle) 
PTO power take-off, additional output shafts driving auxiliary equipment such as 

lubricant pumps 
RFC rainflow cycle count 
RS rotor-side 
SPC statistical process control 
TFF tooth flank fracture 
VDE Verband der Elektrotechnik, Elektronik und Informationstechnik 
VDI Verein Deutscher Ingenieure 
WEC white etching crack 

 

3.3 Conventions 

3.3.1 Shaft designations – examples for typical wind turbine gearbox architecture 

Figure 1 to Figure 4 show the designation of shafts in common 3-stage and 4-stage gearbox 
configurations. 
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Figure 1 – Shaft designation in 3-stage parallel shaft gearboxes 

 

Figure 2 – Shaft designation in 3-stage gearboxes with one planet stage 
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Figure 3 – Shaft designation in 3-stage gearboxes with two planet stages 

 

Figure 4 – Shaft designation in 4-stage gearboxes with three planet stages 

4 Design process 

4.1 General 

The objective of the design of a wind turbine gearbox is to achieve high availability and a 
reliability that is sufficient to achieve predictable and affordable maintenance and repair cost 
throughout the design life. 
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4.2 Gearbox type 

Most wind turbine types are offered in multiple variants to account for variations in application, 
operating conditions, wind regime, grid frequency, rotor diameters, or power ratings. Different 
gearbox variants can accommodate different demands, for example with respect to reference 
speed, gear ratio or reference torque. These gearbox variants are of the same gearbox type if 
all of the following criteria are fulfilled: 

• all variants share the same design basis, use the same concepts and technologies, and 
share the same manufacturing processes; 

• all design and operating parameters are within the ranges specified in Table 1, the design 
of the variant adheres to the minimum calculated safety factors and rating life requirements 
specified in Clause 6, and the risk assessment described in 4.5 does not indicate new failure 
modes. 

Variants of the same gearbox type will typically share components or modules (e.g. a complete 
planetary stage). Variants within a gearbox type may be verified by similarity as described 
in 7.4.3 if at least one variant of the type is verified by testing in accordance with Clause 7. 

Table 1 – Definition of a gearbox type 

Commonalities within a gearbox type Allowable difference to gearbox verified by testing 

Reference speed of any gear stage Within −10 % to +5 % 

Gearbox input reference torque Within −10 % to +5 % 

Number of planet gears For 4 to 5 planet gears: ±1 
For 6 or more planet gears: ±2 

Tooth width of any gear stage Within ±10 % 

Gear macrogeometry Contact stresses within −10 % to +5 % 
Bending stresses within −20 % to +10 % 
Specific sliding within ±10 % 
Mesh frequency within ±10 % 

Gear microgeometry Same type of modifications 
Maximum local contact pressure within ±10 % 

Strength and quality of gear materials Same material specification according to ISO 6336-5 and equivalent 
heat treatment process (unless, for an alternative material of the 
same type and heat treatment method the strength is verified by 
material testing in accordance with 6.1.4) 

Strength and quality of materials for 
structural components 

Same base material and equivalent heat treatment process (unless, 
for an alternative material of the same type, heat treatment method 
and maximum ±5 % difference in Young's modulus, strength is 
verified by material testing in accordance with 6.5) 

Bearing arrangements Same arrangement and same bearing types 

Rolling bearing dimensions Contact stress within ±10 % 

Plain bearing dimensions Minimum film thickness within −5 % to +20 % 
and mean contact pressure within −20 % to +5 % 

Structural load path Same concept and dimensions of joints, flanges, etc. 

Structural elements Stiffness with respect to load distribution of gears (6.1.3) 
and bearings (6.2.7 and 6.3.6) within ±5 % 

Gearbox mounting Same arrangement 

Lubrication Flow rate within ±5 % 
and filtration beta rate within ±5 % 

Lubricant type Same base oil type 
and same viscosity grade 
and viscosity index within ±20 % 
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4.3 Design life, service life, and reliability 

The design life of the gearbox should at least be the same as for the wind turbine. IEC 61400-1 
requires that the design life of a wind turbine for wind classes I to III is at least 20 years. 
IEC 61400-1, IEC 61400-3-1 and IEC TS 61400-3-2 define additional wind classes that can 
have different design lifetimes. The loads compiled for this design life are used to design and 
rate the gearbox components according to specific design standards. These design standards 
(e.g. the ISO 6336 series or ISO 281) are written for general applications and do not stipulate 
safety factors or design life to meet the requirements for specific applications. They output 
results in different metrics, such as safety factors, rating life, and/or probabilities of failure. 

The design reliability of the gearbox should be calculated from these metrics in accordance with 
IEC TS 61400-4-1. IEC TS 61400-4-1 calculates a design reliability for a limited number of 
failure modes where generally recognized calculation methods exist. For these failure modes, 
the method allows the comparison of design reliability between different gearbox designs, or 
the comparison of different operating conditions on the reliability of the same gearbox design. 

The current edition of IEC TS 61400-4-1 does not cover all relevant failure modes in wind 
turbine gearboxes. It will therefore not predict the reliability in operation with confidence and 
should not yet be used to specify a system reliability target. It should also not yet be used to 
optimize system reliability because it will bias the design towards the calculable failure modes, 
with possibly detrimental effect on other failure modes (e.g. skidding of rolling bearings). 
Application of IEC TS 61400-4-1 and comparison of the results with apparent failure 
probabilities in the field can deliver valuable information to complete and validate the method. 

Scheduled maintenance and even scheduled (or preventive) replacement of components can 
increase the availability and reliability of the gearbox or extend its remaining useful service life. 
Components with a design life less than that specified for the entire gearbox shall be 
serviceable or replaceable. Condition monitoring systems can further increase the availability 
as they can detect failures in due time to plan for repair. 

4.4 Component class and consequence of failure 

IEC 61400-1, IEC 61400-3-1 and IEC TS 61400-3-2 define component classes as a function of 
the consequences of failure. The partial safety factor for consequences of failure, γn, for the 
gearbox components shall correspond to class 2 according to IEC 61400-1. Class 3 according 
to IEC 61400-1 can apply for some gearbox components if they support actuators, brakes, or 
blocking devices that are part of non-redundant wind turbine protection functions. Any class 3 
gearbox components shall be documented. 

4.5 Design process 

Designing a drivetrain for a wind turbine is an iterative process that integrates input from many 
domains such as wind turbine design and control strategy, drivetrain concept, gearbox design, 
bearing concepts and design, or lubricant choice. Relevant parties should be included as early 
as possible in the design process. The design process flow chart shown in Figure 5 can be used 
as a starting point. 
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Figure 5 – Design process flow chart 
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During the entire design process, all relevant parties should concurrently be involved in a 
systematic and documented critical systems analysis, such as a failure mode and effects 
analysis (FMEA) or failure mode, effects, and criticality analysis (FMECA), to identify design 
assumptions which strongly influence the correct design, manufacture, and operation of the 
gearbox. The system analysis should include: 

• relevant design load cases; 

• system architecture; 

• interfaces; 

• interface requirements; 

• functional requirements for each element; 

• potential failure modes; 

• potential consequences of failure; 

• limited life components; 

• lubrication and cooling; 

• manufacturing quality demands; 

• service and maintenance; 

• monitoring; 

• transportation; 

• installation; 

• commissioning. 

The first step of the wind turbine design process includes selecting the rotor design, the 
drivetrain configuration, the torque and power-limiting methodology, and control system 
architecture. An initial analysis of the rotor and control design results in a first iteration of the 
gearbox concept, the design envelope and the operational characteristics including the system 
loads. 

This gearbox concept forms the basis for establishing a model of the drivetrain including the 
relevant interfaces and interface assumptions as noted in Clause 5. Based on this description, 
relevant design load cases (DLCs) are defined per IEC 61400-1, IEC 61400-3-1 and 
IEC TS 61400-3-2, and more detailed load calculations will result in design loads at the defined 
interfaces. As the loading of the wind turbine is significantly influenced by the control and 
regulation systems, the impacts of control actions on loads are included in this analysis. The 
resulting design loads normally include time series simulations for many conditions. These can 
then be processed into extreme load tables, fatigue spectra in the form of rainflow matrices or 
load duration histograms, and other descriptions of operational characteristics (see Annex A). 
Specifying the design loads at the interfaces completes the design basis (as defined in 
IECRE OD-501) for the gearbox, indicated as milestone <1> in Figure 5. 

With the loads and operational characteristics defined and specified, the initial gearbox design 
can take place. Because the actual design details of the gearbox affect turbine dynamics, 
reasonable estimates and assumptions are made for some of the motions, deflections, and 
other dynamic response at the interfaces. These can be derived, for instance, from previous 
wind turbine designs. Once verified values become available from more detailed design analysis 
and testing, they can be included in further simulations. Rating calculations and structural 
strength assessment as described in Clause 6 of this document conclude the design phase, as 
shown as milestone <2> in Figure 5. 
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