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ABSTRACT 

In the context of industrial competitiveness, taking into account the process design throughout the product life cycle is 
inevitable, from the expression of the need to recycle. Because of increased knowledge, the capitalization and knowl-
edge management are increasingly targets that companies seek after. Indeed, during the approval phase, studies and 
scientific researches have generated knowledge that especially concerning the reliability of system components. In this 
context, the capitalization and reuse of knowledge are necessary and they have a particular interest in design and par-
ticularly in the preliminary design phase. Studies are already completed, and they suggest a design process that ranging 
from the need to the problem solving. At each phase of the process, structural characteristics are defined by the designer 
through the available knowledge already capitalized to make choice of component and their arrangement. This article 
proposes integrating the analysis of system reliability in this process. The objective is the use of knowledge in the vision 
safety and hazards of operating through the study of reliability and decision making for the selection of solution. 
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1. Introduction 

The conventional design process based on an iterative 
procedure is structured in successive phases, allowing to 
converge to valid solutions through trial-error testing [1]. 
In addition, all the knowledge needed to design a product 
may not be all taken into account simultaneously. The 
preliminary design is one of the important phases of this 
process. This phase involves itself about 70% of the total 
cost generated in the project design itself [2]. Thus, the 
choices made during the preliminary design are funda-
mental and therefore their challenge is possible to be the 
least common [3]. 

The knowledge capitalization used and applied during 
the design process is worthy to be optimized if necessary. 
To make this task successful, its structure and its organi-
zation have become a priority to formalize knowledge 
and reuse. 

This knowledge is related to various multidisciplinary 
views such as functional, structural and behavioral, inte-
grating the entire product life cycle witch. It is proposed 
to incorporate the quality and operating safety vision 
through a reliability analysis. In this context, we are in-
terested in studying reliability by the use of existing 
knowledge on the product itself and its components, or 

by the use of estimating software reliability. One of the 
important goals of the present research work is to bring 
back this knowledge to the stage of preliminary design so 
that they could be used as criteria for decision in the so-
lutions choice. 

This approach will be applied to a wind turbine system 
with a horizontal axis. Indeed, wind turbine mechanism 
belongs to structures whose availability ratio is weak, 
further, their maintenance is generally difficult and 
costly. 

2. Context  

2.1. Case General 

The approach to be implemented in this work provides 
assistance to the designer to conduct the design process. 
Using capitalized knowledge related to the product under 
steady. For this end, we rely on a preliminary design ap-
proach based on the use of knowledge already capitalized 
[4] while incorporating a reliability analysis.  

The approach consists, starting from the needs analysis 
and definition of the functional specifications, to gener-
ate and analyze the knowledge which is necessary for the 
success in defining and prioritizing design solutions valid. 
The general architecture of the approach, including the 
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different stages, is illustrated by means of the flowchart 
in Figure 1. In the following of this section, we provide a 
brief explanation relating to main phases. 

The definition phase of components is performed at a 
given level of the functional block diagram. The evolu-
tion through levels is done according to the relevance of 
the available knowledge and its accuracy. 

The analysis phase of architectures consists in defining 
preliminary architectures of the product from a combina-
tion of components and selection of interactions between 
them.  

The choice of a component and hence the induced and 
produced effects associated with this choice permit to 
generate physical models related to the behavior of the 
component. 

The consideration of some effects induced can lead to 
the integration of other components limiting their impact 
on the system. 

In the context of a given problem, the designer will be 
able to distinguish among these variables which are the 
criteria (Cr), the design variables (VCO) and the auxiliary 
variables (VA).The criteria can be design variables (VCO) 
or formulated with respect to (VCO). 

Generation of solutions requires a resolution of the  

global model of the system by a confrontation with the 
qualification criteria of the functions of Functional 
Specification these criteria are performance, cost, and 
reliability.  

The resolution of these models consists of prioritizing 
solutions and helping the designer to make its decision. 
In order to make clear, this proposed approach a case 
study on wind turbine will be the suggest of the follow-
ing subsection. 

2.2. Availability of Components Wind Turbine  

The availability of wind turbines is a very important fac-
tor for their profitability, so a better knowledge of the 
failure rate of each component appears inevitable. Usu-
ally, wind turbines are designed to operate for a period of 
20 years. However, no final statement can yet be made 
concerning the real lifetime of modern large wind tur-
bines, because so far they are in their early age. 

The study of the reliability of modern wind turbines 
field shows a reduction in failure rate gearbox compared 
to other components [5]. However, it has a limited avail-
ability because of its frequent stops (Figure 2), therefore, 
high costs have to be engaged for repairing. 

 

 

Figure 1. Preliminary design approach incorporating reliability.   
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Figure 2. Downtime of the main components [5]. 

3. Definition of Components  

In the phase of analysis and structuring, a design problem 
of a wind turbine system arise, the structural decomposi-
tion through the structural block diagram extended to 
external environments to describe the constitutive func-
tional blocks of the system, particularly the gearbox [6]. 
Figure 3 shows a decomposition of a geared drive wind 
turbine. 

The accuracy of such a reliability study depends on the 
depth and level of decomposition, for example, a wind 
turbine is a complex system, the study of its reliability 
depends on the mastery of the failure rates of its compo-
nents during time. So this phase represents the first step in 
a reliability study. 

To develop a better understanding of the performance 
of the reliability of different models, we consider two 
configurations R80 and R100. Their characteristics used 
by RELIAWIND, are detailed in the Table 1. 

For the design of the R100 configuration, two cases are  

considered, either with a synchronous generator (R100-S) 
or asynchronous (R100-A). This results in three types of 
configurations, GB-R80, R100-S-GB and GB-A-R100. 

The case of GB-R80 is a combination of a planetary 
gear train followed by two parallel stages with a trans-
mission ratio of about 100 (Figure 4).  

GB-R100-S is a combination of a planetary train spur 
gears followed by a planetary train helical gears, with a 
ratio of about 35 (Figure 5). 

GB-R100-A is a combination of two planetary trains 
followed by a parallel stage, with a transmission ratio of 
about 126 (Figure 6). 

4. Energy Vision 

The logical organization can be useful to limit confusion 
or differences of description. The law of completeness of 
the parties, as defined by the TRIZ method, to distinguish 
for a given system, four main elements are essential to 
achieve the required functions in (Figure 7), this law 
states that the realization of a function comes from the 
transformation of energy (converter C), this energy is 
then transmitted (transmitter T), an operator then per-
forms the action (operator O) [8]. The law of complete-
ness of the parties believes that a system is more sophis-
ticated (optimal) if it contains a control function provided 
by a controller component. The control can be one, two, 
or all of the components [9]. 

The components must be positioned relative to a ref-
erence, which may be external to the system to a global 
reference level 0 or internal to the system to a local ref-
erence to a given level.  

The realization of all functions of the wind turbine 
passes mainly by the transit of three functional types of 
flows, aero dynamical, mechanical, and electrical.  

In this section we are interested in the decomposition  
 

 

Figure 3. Structural block diagram extended to a wind turbine-level 4. 
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Table 1. Characteristics of the two configurations [7]. 

Characteristics R80 R100 

Rated Power (MW) 1.5 - 2.0 3.0 - 5.0 

Rotor diameter (m) 80 - 90 120 - 130 

Height of tower (m) 60 - 100 100 - 120 

Frequency of rotation (tr/mn) 10 - 20 14 - 15 

Operating temperature −25˚C - 40˚C −25˚C - 40˚C

Number of blade 3 3 

 

 

Figure 4. Modular configuration GB-R80. 
 

 

Figure 5. Modular configuration GB-R100-S. 
 

 

Figure 6. Modular configuration GB-R100-A. 
 

 

Figure 7. Law of completeness of system parts [9]. 

stage of the gearbox [transmitter] into components by the 
technique of functional block diagrams, and complete 
these functional block diagrams of components con-
cerned by the interaction between shaft and housing, for 
example lubrication (Figures 8 and 9). 

5. Behavioral Models  

5.1. Performances 

The available energy per year per unit area on the site is: 
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5.2. Cost Modeling  

We present the cost model gearbox based on the defini-
tion of specific cost and the estimation of the mass. 

            (2)  

The mass of the gearbox is given as a function of de-
sign variables [10,11]. Mass models the different con-
figurations studied are given in the following [12].  
 Gearbox composed of two or three stages planetary  
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Wmp: Gearboxes mass (Kg) 
Cn: Rated torque (N·m) 
Fs: Service factor related to the rotor speed control 
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n: Number of stage 2 or 3  
rs: Report stage  

1

3
0sr r : Gearbox three-stage planetary gear 
1

2
0sr r : Gearbox two-stage planetary gear 

rsn: Report wheel 1
2
s

sn

r
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r0: report gearbox  
nw: Number of satellites per stage  

   Three-stage parallel gearbox 
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Figure 8. Functional block diagram of a single stage—level 4. 
 

 

Figure 9. Functional block diagram of a planetary stage—level 4. 
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Fmpp: factor with: 
0.4
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Fmcp: Design factor  
 

Cn <200 KN·m 200 ≤ ··· < 700 KN·m ≥700 KN·m 
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 Gearbox three-stage consisting of two planetary 
gears and one parallel  

We use the first two stages value rs different.  
1

2
0
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i = 1, 2 for the relation (3) from a stage to planetary gear 
train. rs taking the value 2.5, and i = 3 in the relationship 
(5) of a stage parallel. 

5.3. Reliability Analysis 

Reliability is the characteristic of a system expressed by 

the probability that performs the function for which it 
was designed, under given conditions and for a given 
period (NF X060-010-AFNOR (1991)). Thus, the life of 
a system is used to measure the amount of service pro-
vided. In general, we measure the lifetime of a system by 
the number of hours they actually worked. 

According to the theory reliability, the failure rate can 
be defined as: [13] 

1

MTTF
                   (7) 

MTTF: Mean Time to Failure. 
The failure rate function of almost all systems obeys 

from the bath-tube curve Figure 10, suggested that it is 
reasonable to consider that most WT subassemblies lie in 
the bottom of this curve, i.e. that they have a fixed failure 
rate, this hypothesis defines the transition rate as the in-
verse of the average duration of operation [14].  

Reliability is defined from the failure rate λ, which 
varies with time. It is shown that the reliability of a sys-
tem whose failure rate is constant over time is:  

  tR t e                  (8) 

In complex systems, the use of techniques such as 
functional block diagrams decomposes the problem into 
components or subsystems. These methods can be used 
for the allocation of reliability, by translating the objec-
tive reliability of the overall system into specific objec-
tives for components that are easier to control. 
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To understand the interest of such a configuration 
view of reliability, a study is made of the failure rate es-
timated for two stages different parallel and planetary 
gear, based on functional block diagrams and regardless 
of the housing, lubricating and accessories [15]. 

From these results in (Figures 11 and 12) the plane-
tary stage appears more reliable than a parallel stage, 
although it contains more components, it can be justified 
by the load distribution on three satellites instead of a 
single wheel. 

In order to evaluate the reliability of a gearbox of a 
wind turbine and its impacts on overall performance, we 
give in (Table 2) the estimated failure rate of the differ-
ent components for three configurations to calculate the 
total reliability of each gearbox based on the (Figures 8  

Useful life 

Time

Wear Out  

λ(t) 

 

Figure 10. The bath-tub curve. 
 

 

Figure 11. Predicted reliability components of a planetary 
stage (year). 
 

 

Figure 12. Predicted reliability of the components of a stage 
parallel (year). 
 
and 9) [15]. 

5.4. Qualification  

The qualification criteria of a system are: the perform- 
ance (criteria), reliability and cost. These three criteria 
form the main components of the quality indicator of a 
system defined by ISO [16]: 

Total

Reliability
IQ rC

C


             (9) 

The main performance is related to the service func- 
tion (FS), performance secondary is related to constraints 
functions (FC). The identification of performance is 
achieved during the phase functional analysis, it requires  
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7. Conclusions   an analysis of external environments, they are expressed 
by the assessment criteria, their level expresses the limit 
values. The estimation of the performance and cost re-
quires the development of models of system components 
and external environments. The reliability of a system 
can be calculated by determining that of each component 
that constitutes it. 

In this paper we present a generic approach to introduce 
the analysis of reliability as a criterion for decision aid in 
choice of a solution, the choice criterion used is the qual- 
ity indicator based on the estimated reliability, weight 
and performance related to the service function of the 
product. Modular structures and their definitions have 
been developed, including all critical components affect- 
ing the reliability of a gearbox. The estimated failure rate 
of critical components in a gearbox NSWC07 [17] is used 
in this work. Improved estimates of the reliability of a 
gear-box is possibly using the data of failure more realis-
tic operation, if they became available in the future. An ex- 
change between the different stakeholders, manufacturers 

6. Syntheses of Results 

As shown in (Figure 13), the relative ranking of the three 
configurations of the gearbox considered in relation to 
the quality indicator suggests that the configuration GB- 
R100-S is the most qualified. This could be expected 
since this configuration has fewer components. 

 
Table 2. Failure rates and reliability estimates of the three configurations. 

GB-A R100 GB-S R100 GB R80 
Components 

λ (an) R (an) λ (an) R (an) λ (an) R (an) 

Shaft planetary intermediate 1 0.013 0.987 0.013 0.987 0.015 0.985 

Shaft planetary intermediate 2 0.018 0.982 0.018 0.982 - - 

Shaft parallel intermediate 1 - - - - 0.007 0.993 

Shaft parallel intermediate 2 0.01 0.99 0.01 0.99 0.01 0.99 

Shaft parallel 3 0.028 0.972 - - 0.038 0.963 

Housing 0.005 0.995 0.005 0.995 0.005 0.995 

Lubrication 0.017 0.983 0.017 0.983 0.017 0.983 

Accessories 0.005 0.995 0.005 0.995 0.005 0.995 

 

 

Figure 13. Different results for the three configurations.  
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of wind turbine, gearboxes and bearings are essential to 
reduce the uncertainty of reliability estimates to deter- 
mine and/or validate the reliability models, and improve 
overall reliability and thus increase the availability of 
wind turbine. 

Designing a system from the knowledge already 
structured in a knowledge base which relies on a reliabi- 
lity analysis can provide the different elements necessary 
for decision making by the designer, and therefore a tool 
to assist the design. The reliability analysis from the 
phase of preliminary design allows control of effects 
induced by their inclusion in the models. Physical mod- 
eling of these effects induced at the level of elementary 
components and interactions will control the behavior of 
the product and its reliability for greater accuracy indeci- 
sion making. 
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