GL Renewables Certification

Certification Requirements for the Drive Train Dyna  mics
of Wind Turbines according to GL Guideline 2010

SIMPACK User Meeting 2011,

Emn‘ S
alzburg, 2011-05-19
‘ g

Markus Kochmann
Tim Poppel
Milan Ristow

Certification Requirements for the Drive Train Dynamics of Wind Turbines according to GL Guideline 2010 1



GL Renewables Certification

Germanischer Lloyd (GL)

 Technical Surveillance Society
 Founded 1867

e Own Rules and Guidelines
 Maritime Services

* Industrial Services
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GL Renewables Certification

Five leading brands combine...

... to make the world’s largest provider of technical advice and
engineering consultancy services to the renewable energy industry
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GL Garrad Hassan
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GL Renewables Certification

Renewables Certification

Type Certificate

dated 159 August 2007
PT-GLO0T-2007 State

IPE-GLAI1-2007

QS-000HH

* GL Renewables Certification is not part of GL GH!

* GL Renewables Certification is the world’s leading certification body working in
renewables and particularly in wind energy

It delivers project, turbine and component certification and undertakes factory and
supplier inspections

* GL RC is actively engaged in the development of international standards
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GL Renewables Certification

Type and Project Certification
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GL Renewables Certification

Motivation

* Load assumptions for the design of drive
train components are based on simulations
of global model

* Dynamic properties and internal loads are
neglected

* Verification of design loads

» Validation of assumptions for global load
simulation (e.g. stiffness, mass)
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GL Renewables Certification

Certification Requirements

e GL Guideline for the Certification of Wind
Turbines (Edition 2003 with Supplement 2004)

 GL Wind Technical Note 068: “Requirements
and recommendations for implementation and
documentation of resonance analysis”

e GL Guideline for the Certification of Wind
Turbines (Edition 2010)

Aim of analysis:

* Analysis of the dynamic behavior of the drive
train using a detailed simulation model

» Verification of model parameter assumptions
representing the drive train in global model
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GL Renewables Certification

Drive Train Overview
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Modelling, Level of Detail (1), GL 2003

Major drive train components Minimum requirements fo r modelling Minimum requirements for
structure of comp. modelling DOF of components

Rotor blades rigid body edge wise and flap wise

Hub rigid body torsional

Main shaft rigid body; elastic recommended torsional

Low speed shaft coupling rigid body torsional

Gear box housing rigid body torsional

Planet carrier rigid body torsional

Gear box shafts rigid bodies; elastic recommended torsional; axial recommended

Gear box gears rigid bodies torsional; axial recommended

Elastic gear box support rigid body torsional

Brake disc rigid body torsional

Generator coupling rigid body torsional

Generator rigid body torsional

Elastic generator support rigid body torsional
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Modelling, Level of Detail (2)

e improve model quality
e limit modelling effort

* identify the required level of complexity for
components in the drive train model

Identified Areas

* Main Shaft
 Gear Model
* High Speed Shaft / Generator Coupling
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Modelling Approach: Main Shaft

1. rigid bodies / spring damper elements

1. Elastic beam elements (Bernoulli)

1. Timoshenko beam elements

1. Structural solid elements
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Modelling Approach: Gearbox

[SIMPACK]
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Modelling Approach: High Speed Shaft / Generator Coup  ling
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GL Guideline for the Certification of Wind Turbines

(Edition 2010)

Major drive train components

N

inimum requirements fo
structure of comp.

r modelling

Minimum requirements for
modelling DOF of components

Rotor blades

Minimum three bodies per blade;
elastic recommended

Edge wise and flap wise

Hub

Rigid body

Torsional, axial, bending

Main shaft

Minimum two rigid bodies; elastic
recommended

Torsional, axial, bending

Low speed shaft coupling

Rigid body

Torsional, axial, bending

Gear box housing

Rigid body; elastic recommended

Torsional, axial, bending

Planet carrier

Rigid body; elastic recommended

Torsional, axial, bending

Gear box shafts

Minimum three rigid bodies; elastic
recommended

Torsional, axial, bending

Gear box gears

Rigid bodies

Torsional, axial, bending

Elastic gear box support

Connecting spring-damper element

Translational

Brake disc

Rigid body

Torsional, axial, bending

Generator coupling

Minimum three rigid bodies; elastic
recommended

Torsional, axial, bending

Generator Rotor

Rigid body

Torsional, axial, bending

Elastic generator support

Spring-damper element

Translational
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GL Guideline for the Certification of Wind Turbines (Edition 2010)
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Conclusion

* identify load increasing resonances in the main drive train components
o verify Global Loads Model

 modal analysis, excitations, Campbell Plot

» torsional, axial and bending modes

* higher level of discretization for shafts, elastic models recommended

e Dbearings to be considered

 1DOF model accepted, measurements required
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Contact

Markus Kochmann

Germanischer Lloyd Industrial Services GmbH
Renewables Certification

Group Computer Aided Engineering

Brooktorkai 18
20457 Hamburg
Germany

Tel.: +49 (0)40 - 36 149 - 5603
Fax: +49 (0)40 - 36 149 - 1720

Email:markus.kochmann@gl-group.com
www: http://www.gl-group.com/GLRenewables
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