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Abstract: In the background of the offshore wind turbine monitoring applications, we analyzed the characteristics of the offshore wind turbine monitor and gave the architecture of the offshore wind turbine monitor
system. We designed the system model of blade wear and vibration in offshore wind turbine, and combined
with energy efficient data aggregation algorithm based on the specific application to monitor offshore wind
turbine. Simulation experiments shown that the algorithm can effectively improve the utilization of energy
and extend network life cycle.
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1

Introduction

Over the past few years, environment protection and sustainable energy have drawn increasingly attention than any other
times of the history. As one kind of sustainable energy, wind power has a significant meaning that can developed and
utilized it to improve energy structure and protect the ecological environment[1]. However, offshore wind turbines are in
the adverse operation conditions due to the capricious marine climate, which has high humidity, complex tides and salt
fog that corrode electrical equipments. Further more, wind turbines are generally located far from land so that service
engineers can only reach by boats or helicopters, thus the maintenance fees are considerably high[1].
Wireless sensor network is a novel technology that put many sensor nodes in specific regions, the data is communicated
through radio waves and finally goes back to the monitoring centre. The operators can analyse the data and manipulate
in the monitoring area[2]. WSNs has a wide application prospect in the environmental monitoring, industrial application
and the mechanical diagnosis[2, 6]. F.L Bu et al. 2011 successfully used wireless sensor network to observe debris flow,
their application made a foundation of the debris flow forecasting and warning, and helped to reduce the loss of mudslide
disaster[3]. X.T. Zhang et al. 2012 applied the wireless sensor network to oil transportation monitoring system, this system
can find the pipeline holes that damaged by oil stealing, thus made unmanned pipeline patrol possible[4]. W.W Shi et
al.2012 applied Wireless sensor network in greenhouse environment monitoring, this application can effectively monitor
the concentration of carbon dioxide, realized efficient energy-saving greenhouse management system[5] . Therefore,
we design this paper on the basis of marine environment characteristics to apply wireless sensor networks for real-time
monitoring of wind turbine operation.

2

The Monitoring structure of offshore wind power

In the offshore wind turbine system, the sensor nodes are in charge of collecting shocking parameters and energy parameters of wind blades; the sink nodes monitor wind turbine and data collector and also responsible for the communication
of servers; the server is the control centre of the wind power system and responsible for controlling and managing all of
the sink nodes, it will feed back the monitoring data and decides whether to repair the device. At the end of the system,
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the clients can use PC or mobile devices to check data that reflect the operating condition of wind turbine anytime to
determine the status of equipments. The offshore wind power control system is shown in Figure 1.

Figure 1: The structure of offshore wind turbine control system
The first part is sensor nodes installed in the fan blade to collect vibration and electrical energy data. The second is
the sink nodes that responsible for collecting monitoring data. And the third part is servers that analyse and integrate data
provided by the sink nodes and then give data support for the operator. In conclusion, our work of this paper is to propose
an efficient WSNs data fusion algorithm on the basis of offshore wind turbine operating environment, intent to realize
real-time monitoring of the wind turbine blades.

3
3.1

The Model
Fan monitoring system function analysis

The damage of the wind turbine blades is a gradual process. Because of the initial abrasion by lubrication and installing,
the abrasion would become more and more seriously during machine running .When vibration of gear and bearing became
heavier, it will cause the failure of components [7]. This paper designed wireless sensor node to achieve vibration of wind
turbine blades , then the data can be judged whether operation is safe or not.

3.2

The model of correlation between blade wear and vibration

In this paper, we used a single degree of freedom (SDOF) with damping vibration system model for simulation. Based on
the kinetic theory, the SDOF with damping vibration system equation is:
mx + cx + kx = 0

(1)

x + ξωx + ωn 2 x = 0

(2)

we change (1) into
√
where ωn =

k
m,

ξ= 2√cmk . Then the solution of the kinematic equation is:
x(t) = Ae−tξωn sin(ωd t + ϕ)

(3)

√
√
2
2
0 ωd
where A = (v0 +ξω0 xω0d) 2+(x0 ωd ) ,ϕ = tg −1 ( v0x+ξωx
), ωd = ωn 1 − ξ 2 . x0 means initial position, v0 means initial
0
velocity[9]. Now we suppose that ξ increases from 0.1 to 1(critical value) as time value increases, common parameters
ωn = 10, x0 = 1, v0 = 0. Then the terminal time tf = 2. Simulation chart is shown as follows:
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Figure 2: Wind turbine blade vibration with wear variations (Two dimensional diagram)
From the simulation diagram, we can monitor the current status of wind turbine promptly and precisely by analysing
the variation of fan blade vibration, thus ensure timely maintenance of equipments.

4
4.1

The Data Fusion Algorithm
The design of data fusion algorithm for wind turbine safety monitoring

1) The design of data fusion algorithm:
The data fusion of wireless sensor network deal with the mass data collected by nodes in specific algorithms, intent
to reduce the energy consumption and prolong the life cycle of network, and also enhance the security of information
transmission[6]. As wind turbines operate in unstable environment, the blade vibration data collected by sensor nodes
always have massive data redundancy. However, data redundancy can be reduced effectively by adapting data fusion
algorithm, which can decrease the data transmission, lessen data transmission energy consumption. On the other hand,
wind turbine vibration data change very small between vicinal time periods. Therefore, compare fused data with prior
data, and then with preset threshold value (the minimum value of vibration that can damage wind turbine blades), if the
data exceed the preset threshold value, which means wind turbine need maintenance, the system will send the vibration
data; otherwise, the data will go to next data fusion progress automatically. In this way, we can not only monitor the
operation safety of wind turbines, but can also reduce the transmission quantity, lessen the energy consumption. We
design the algorithm basis on cluster data fusion to ensure signals of different nodes do not interfere with each other;
each wind turbine forms a cluster, and communicates with the server. Additionally, the server allots different wave band
to different clusters. In this way, signal interference problem between different clusters can be effectively prevented.
Suppose the vibration value of each node is ti (i ≥ 1), i means the node serial number, fusion node fuses collected cluster
data. Tj shows the average vibration value of j times fused data. Given threshold value , when |Tj+1 − Tj | ≥ ε (j ≥ 1),
the node should sends this value to sink node, otherwise the value will not be sent , and this fused Tj + 1 data would set
as the sampled data of the j + 2 to process data fusion progress, repeat this program over and over again.
2) Simulation experiments

Figure 3: The time series of x(t) and y(t) before controlling.
We use MATLAB to compile program, we compared 3(a) with Leach protocol in the same condition, each nodes
energy value is 2J, the total number of nodes is N = 100, region size is 100 × 100. Through this experiment analysis,
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we found that the energy consumption of 3(a) were the same as 3 (b) at the beginning of data fusion. But after 100
times calculation, the energy consumption of 3(b) was 17% lower than 3(a), the death of nodes began to show after 150
times. However, the nodes began to vanish only after 300 times in the 3(b). Thus proved the life cycle of the system has
been prolonged. The simulation shown the data fusion algorithm of wind turbine can effectively prolong the lifecycle of
wireless sensor network, proved that our method can reduce the energy consumption

5

Conclusions

Wind power is a kind of renewable energy, it has a solid industrial foundation, and its advantage is unrestricted by the
resource like biomass energy has, thus make wind power one of the most promising renewable energy. This paper is based
on safety monitoring of offshore wind turbine and proposed energy saving data fusion algorithm, the sensor nodes collect
vibration data from fan blades, then the sink nodes compare the data with threshold value and determine the safety of the
system. In this paper, experiment was mainly basis on the simulation of the system, the simulation results proved that the
data fusion algorithm can effectively extend the life cycle of wireless sensor network, furthermore, proved that this is an
energy saving algorithm. However, dramatic data fluctuation shall lead unstable data fusion, so that further improvement
should be made if apply this algorithm in practical application. In summary, we can monitor the offshore wind turbine
timely by using the wireless sensor network in offshore wind turbine, it is a novel and energy-saving monitoring method
and worthy of promotion.
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