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ABSTRACT: With the great expansion of wind power after
market, operation and maintenance (O&M) of wind turbines
has been a big concern in wind industry. Comparing with O&M
in the traditional power generation, motor and aviation
industries, there are some special problems of the O&M of
wind turbines (WTs) which are introduced by limits of low
profit, impacts of stochastic factors, large number of WTs and
etc. In this paper, firstly, the uncertainties affecting the O&M of
WTs and their modelling methods were summarized. Secondly,
the classifications, modelling methods and decision-making
strategies of WT maintenance were described and analyzed.
Finally, some difficulties and problems of the O&M of WTs
were described and a decision-making framework both
considering the life-cycle O&M optimization and short-term
random factors was proposed in this paper.

KEY WORDS: wind turbine; O&M; uncertainties; decision
and optimization
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Tab.1 Some classical continuous state models of WTs
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Fig. 2 Model of Shock-based failure
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With the great expansion of wind power after
market, operation and maintenance (O&M) of wind
turbines has been a big concern in wind industry.
Comparing with O&M in the traditional power
generation, motor and aviation industries, there are some
special problems of the O&M of wind turbines (WTs)
which are introduced by limits of low profit, impacts of
stochastic factors, large numbers of WTs and etc. The
condition based maintenance (CBM) is currently
considered to be the most suitable O&M method of WTs.

There are some uncertainties affecting the CBM of
WTs, which are state degradation processes of WTs , the
failures, weather conditions, maintenance downtime and
etc. For the state degradation of WTs, continuity model
and discrete model are both commonly used. Continuity
models usually adopt the frequently-used mathematical
distributions. ~ With ~ the  good  mathematical
characteristics, it is convenient for the further
mathematical analysis and optimization modeling. But
there may be some errors between the mathematical
model and the real data; meanwhile neither the
individual differences nor the instantaneous state of the
component can be demonstrated in continuity models.
An advantage of discrete models is that it can introduce
Markov chain or Petri Net to simply the state transition
models or maintenance decision models. But there is no
unified definition and method for the classification of
wind turbine status. For the failures of WTs, there are
two types: degradation-based failure and shock-based
failure. Mechanism modelling and data-based modelling
are both widely applied in the analysis of degradation-
based failures. For the weather condition, it not only
affects the state degradation of WTs , but also affects the
maintenance of the WTs, especially the accessibilities of
WTs. The maintenance downtime of WTs can be divided
into three parts: waiting, delays, and practical operations.

As CBM is a maintenance based on conditions,
different maintenance will be carried out with different
conditions, and of course with different expenses and
different results. There are several classifications of WT
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maintenance based on severity of failures, degree of fault
recovery after maintenance, the tools required and etc.

While the effect of maintenance will be showed up
after a long time operation and the feasibility of a
maintenance is determined by weather conditions and
maintenance resource conditions at the moment, the
maintenance decisions of WTs can be categorized in to
long-term maintenance decisions (for the next 5-20
years) and short-term maintenance decisions (for the
next week or weeks). All of the O&M decisions-making
researches are based on cost models or profit models, to
achieve the minimal cost (and power generation losses)
or the maximal power generation revenue in a given
time period. The construction of the optimization
objectives is quite simple. It only contains the expenses
of maintenance and maintenance resources, and the
power generation losses. The main difficulty is how to
calculate the expenses and power losses considering all
the uncertainties mentioned before. The renewal process,
Markov process and Monte Carlo simulation are the
three commonly used modeling methods.

A two-level research framework of CBM
optimization of WTs considering both the life-cycle
O&M optimization and short-term random factors has
been proposed in this paper. For the life-cycle O&M
optimization level, the basic information of wind farms,
including geographic information, climate information,
O&M historical data and etc., are considered to achieve
the basic principles of the WT maintenance, such as the
allocations of maintenance resources, and the thresholds
of the preventive maintenance. For the short-term
maintenance optimization level, real-time data, like CMS
data, SCADA and real-time weather conditions, is
introduced to achieve a short-time maintenance schedule.

There are some technical difficulties in the existing
CBM researches of WTs including:1) How to get a more
accurate prediction of the future state of WTs; 2)
Opportunistic maintenance between multiple units or
parts; 3) Integration of condition monitoring, operating
control and maintenance decisions.



