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ABSTRACT

Recently, the wind power has experienced great attentions and growths among many renewable energy sources.
To increase the power generation performance and economic feasibility, the size of wind turbine (WT) is getting
bigger and most of wind power plants are being constructed on offshore. Therefore, the maintenance cost is
relatively high because boats or helicopters are needed operators to reach the WT. In order to combat this kind
of problem, remote monitoring and control system for the WT is needed. In this paper, the small-scale WT
monitoring and control system is implemented using wireless sensor network technologies. To do this, sensor
devices are installed to measure and send the WT status and control device is installed to receive control
message for specific operation. The WT is managed by control center through graphic user interface (GUI) based
monitoring and control software. Also, smart device based web-program is implemented to make the remote

monitoring of the WT possible even though operators are not in control room.
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Fig. 1. Logical nodes of a wind turbine

1. Y] o) xe 5%
Table 1 List of wind turblne logical nodes
LN ..
Description M/O
classes
WROT | Wind turbine rotor M
WTRM Wmd tu.rbme transmission o
information
WGEN | Wind turbine generator information M
WCNV | Wind turbine converter information (0]
WTRF | Wind turbine transformer information (0]
WNAC | Wind turbine nacelle information M
WYAW | Wind turbine yawing information M
WTOW | Wind turbine tower information (0]
WMET W1nd p(?wer plant meteorological o
information

M = Mandatory, O = Optional

E 2. L—]Alo] }r_a] T 1;.”0]]3 = 1:'1 _._,M
Table 2. Types of data and atmbutes in nacelle

Data type | Attribute Explanation

Dir Nacelle orientation

WdSpd | Wind speed outside nacelle

WdDir | Wind direction outside nacelle

Anal

. na Ogl,le Ex/InTmp | Temp. outside/inside nacelle

information
IntlHum | Humidity inside nacelle
DispXdir | Tower longitudinal displacement
DispYdir | Tower lateral displacement
BecBulbSt | Status of beacon

Status WdHtSt | Status of wind sensor heater

information IceSt Status of ice detection

AneSt Status of anemometer

SetBecMode| Set modus of beacon

Control

. . SetBecLev | Set bulb light of beacon
information

SetFlash | Set beacon flash duty value

E 3. A4 Hole AEY ok a7
I

able 3. Sampling frequency requirements of sensor data

Measurement Sampling frequency
Temperature 1 Hz
Humidity 1 Hz
Vibration 200 Hz
Pressure 100 Hz
Wind speed 3 Hz
Wind direction 3 Hz
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. 3. Wind turbine monitoring and control system configuration

Specification Description
Standard IEEE 802.15.4
Frequency band ISM 2.4 GHz
Maximum data rate 250 Kbps
Indoor/Urban Range up to 60 m
Line-of-sight Range up to 750 m
Supply Voltage 33V
Transmit power 10 mW
Network topology Point-to-Point, Star, Mesh

a2l 2. Az BERA] A
Fig. 2. ZigBee topology configuration
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Fig. 4. Configuration of sensor node 1

Sensor type Model Specification Sensor output
Temperature Supply voltage: 3.3V
Measuring range: -40~123.8 C,
o SHT-15 0~100% Digital(12C)
Humidity Resolution: 0.01 C, 0.1%
Accuracy: 2%
o Open resistor circuit: 1042 ..
Vibration DFR0027 On-time: 0.1msec Digital(0 or 5V)
Supply voltage: 3.3V
Barometer BMPO85 Measuring range: 300~1100/4/ Digital(12C)
Resolution: 0.03 /%
Wind direction Supply voltage: SV Analog
Weather Sensor Measuring range: 360°
Wind speed Resolution: 22.5°, 0.6666m/s Digital (0 or 5V)
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Measure voltage value
of wind direction sensor

I
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(Store the value into frame)
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Fig. 8. Measurement process of wind direction

Switching = 0, Time = Osec
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Store the value into frame
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Fig. 9. Measurement process of wind speed value
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Fig. 10. Configuration of control node
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Fig. 11. Work-flow of wind turbine control module
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Fig. 13. Information flow between coordinator and sensors
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Coordinator Frame
8 8 8 16 Bits
Start Node ID Data
i Destination | Request Case: OxFFFF
Ox76 | Ox13 Node ID | Control Case: Destination angle

Sensor Node 1 Data Frame

8 8 8 8 16 Bits
Start Node ID Sensor ID Data
i Temp: 0x01 Temp or
0x76 ; 0x13 0x01 Humidity: 0x02 Humidity or
H Vibration: 0x03 Vibration
Sensor Node 2 Data Frame
8 8 8 8 16 Bits

Start Node ID Sensor ID Data

Barometer: 0x04 Barometer or
Wind Speed: 0x05 Wind Speed or

1
'

0x76 | 0x13 0x02
H Wind Direction: 0x06 | Wind Direction

a8 14, FZojvlele] & AN k= ZH] 2
Fig. 14. Frame formats of coordinator and sensor nodes
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