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In an indirect drive wind turbine, the gearbox alone counts for

about 13% of the overall cost. The development of reliability

analysis and prediction methods for wind turbine gearboxes is

important for designing future turbines and planning preventive

maintenance schedules, especially for offshore wind turbines.

This work aims to develop reliability analysis methods of design

for reliability to eliminate design faults and to improve

operational performance.

The objectives are:

 To develop a generic and flexible gearbox modular structure; 

 To estimate failure rates of critical components;

 To provide quantitative reliability prediction of WT gearboxes 

at modular level, for different designs;

 To identify reliability critical components in a WT gearbox.
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This work reports the research development to construct a

reliability analysis model by developing a generic gearbox

configuration and modular structure as shown in Figure 1. It

encapsulates all the reliability critical components within the

gearbox subsystem in a wind turbine.
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Three generic gearbox configurations, GB-R80, GB-R100S and

GB-R100A, proposed by Reliawind project have been

considered in the reliability analysis. The gearbox

configurations of GB-R80 and RB-R100A are shown in Figure 2.

Figure 1: modular definition of a wind turbine gearbox 

Reliability block diagrams of gearbox modules and components

have been established, as shown in Figure 3. Failure rates of the

critical components are estimated by applying existing industrial

standards and datasheets for general mechanical applications.

Results of failure rates and reliability of three generic gearbox

configurations have been obtained.

LS-SUN

LSS
PS

PS

LS-IS

HS-IS

HSS

HSS

HS-ISIS-SUN

IS-PS

IS-PS

LS-SUN

LS-PS

LS-PS
LSS

Figure 2: gearbox configurations of GB-R80 and GB-R100A 
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Figure 3: reliability block diagrams of three generic gearboxes 

For the prediction of failure rates, in the absence of field data of

component failure rates, this work has adopted procedures and

data provided in NSWC07 [1]. Using datasheets available and

considering field failure rates of gearboxes published by

Spinato, Tavner et al [2], a rough estimation of failure rates of

components is made to predict failure rates at modular level.

Figure 4 shows the predicted failure rates of individual modules

and total failure rates of three generic gearboxes considered.
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Figure 4: estimated failure rates 

 The high speed parallel stage is found to be the most

unreliable module;

 A planetary intermediate speed stage is less reliable than a

parallel intermediate speed stage;

 The planetary intermediate speed stage seems less reliable

than the planetary low speed stage;

 The lubrication subsystem has an important effect on

reliability;

 The housing and the accessories are the least reliability

critical components.
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