
Development of a Data Acquisition 
System for the CM of a wind turbineSystem for the CM of a wind turbine
Research Assistant: Ammar Zaher
Supervisor: Dr. Andrew Cruden

Summary:

• Background and motivation for research.

• Overview of system designy g

• Update on the progress of the Data Acquisition Platform.
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Background

• CM for wind turbines is becoming increasingly popular in 
industryindustry.
– Allows operators to plan effective maintenance schemes and 

maximise profits

• CM for wind turbines is yet to mature 
– There is no definitive standard for wind turbine CM system yet.
– Wind farm operators do not use the output of their CM systems

• Purpose of this research is explore this avenue by developing a p p y p g
CM system that monitors as many parameters as possible at a 
high frequency to decide what should be monitored. 
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Data Acquisition Platform Requirements

Should not affect normal operation of the turbine

Should enable easy access to the machinery and pose no 
danger to maintenance engineers 

No electrical connections between top and bottom DAQNo electrical connections between top and bottom DAQ 
devices

Isolation barrier for direct connections to the controller?

Data Acquisition control and data collection at the bottom of 
the wind turbine 
C t d t l d t f tCompact and easy to analyse data format

Hot-swapping hard drives for data collection
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1 Temperature, nacelle (R306)

Top Controller

DC P S l

Data

2 Temperature, ambient (R300)

3 Temperature, generator (R503)

4 Temperature, gearoil (R402)

5 Temperature, gearbearing (R406)

6 Pitch position (A800)

7 Rotor speed (B400)

8 Generator speed (B401)3 x F/V 

DC Power Supply

AC Power Supply

Data
Acquisition
Platform

8 Generator speed (B401)

9 Wind speed (B301)

10 Yawing direction CW (S100)

11 Yawing direction CCW (S101)

12 Wind vane 0 degree (B302)

13 Wind vane 90 degree (B303)

Converter

4 x Voltage 
Divider

PC 1 USB

LabVIEW DAQ 
Application Platform 

Layout
L1

L3

L2
3 x Voltage 

Probe

Sensor 8 – Displacement Sensor

Sensor 10 – Strucibraral Vibration Sensor

Sensor 9 – Displacement Sensor

To be installed on 

3 x Current Clamp
3 Sensor 1

Sensor 2

Sensor 3

Sensor 4

Sensor 5

Sensor 6

Coaxial cable 7

a Vestas V47 
(660kW) WT at 
Harehill

Turbine Top

Sensor 6

Sensor 7

PC 2
Interface for Storing 

Data

Remote Control of 
LabVIEW DAQ 

1.5 TB
Ethernet 

Hard Drive

LAN: UTP Cable (1Gbps)
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Turbine Bottom



Building the DAQ Platform:

• Design of physical setup so that it conforms to operational and 
safety regulationssafety regulations.  

• In order to do this we must anticipate conditions and scenarios 
th t b d t d t b bl f h dlithe system may be exposed to and must be capable of handling

• The aim is to put together a working prototype in the lab as a 
demonstrator for Scottish Power to gain their approval. 
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Sensors 
No Parameter Signal Output Interface Sampling 

Rate
Supply voltage Power Consumption

i di i d1. Temperature, gear bearing 0-5V Sig. Conditioner 50Hz 24Vdc 500mW

2. Temperature, generator 0-5V Sig. Conditioner 50Hz 24Vdc 500mW

3. External Air Temperature, 0-5V Sig. Conditioner 50Hz 24Vdc 500mW

4. Temperature Nacelle 0-5V Sig. Conditioner 50Hz 24Vdc 500mW

5. Temperature gear oil 0-5V Sig. Conditioner 50Hz 24Vdc 500mW

6. Rotor speed (Hall effect gear tooth sensors) 0-5V V/D & Labview 50Hz 12Vdc Na 

7. Generator speed (Hall effect gear tooth 
sensors) 0-5V V/D & Labview 50Hz 12Vdc Na 

)

8. Pitch position (linear actuator) 0-10V? Direct 50Hz Na Na 

9. Atmospheric Pressure Baro sensor 0-5V Direct 50Hz 24V 70mW

10 Humidity Sensor P14 SMD 0-5V Direct 50Hz 0-32V Rec9V Na 

11. Wind speed (nacelle mounted wind 
anemometer) 0-5V? F/V Converter 50Hz 4.75-28V DC 1mA-1.3mA

12. Wind direction (wind vane) 0-5V Voltage divider 50Hz 1-5V (20V 
absolute max) 

0.5W

Compass 6Vdc Na13. Digital compass (nacelle direction) Compass 
Bearing RS232 8Hz 6Vdc Na 

14. Structural Vibration - XY 5V RS 485-USB ? 24V 1.5W(3.6PK)

15. 7 Hansford vibration sensors 5V Filtered 20kHz 24V 0.1W (?)

16 3 Ph C t 5V Di t 20kH ? ?
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16. 3 Phase Currents 5V Direct 20kHz ? ?

17. 3 Phase Voltages 5V Direct 20kHz ? ?



Labview software DAQ architectureLabview software DAQ architecture

Hi h d 20kH di
Labview DAQ program

Multiple high High speed 20kHz sensor readings

Start time – End time 
Data Acquisition loops

Multiple high 
speed sensors

Low speed 50Hz sensor readings

Time stamped

Time stamped
High speed 

Database
Multiple low 
speed sensors

8Hz compass bearing data stream

Low speed 
Database

Time stamped
Digital Compass 

Database

Sampling rate not yet known

Time stamped
Structural vibration 

Database

Sampling rate not yet known

Time stamped
Oil quality 
Database
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Sampling rate not yet known



Labview Software InterfaceLabview Software Interface

Controls each 
DAQ device

Start and stop
DAQ loopsQ p

LED indicators

•Automatically loaded
when pc loads

•Automatic run
on program start-up LED indicators

For current task
in operation

on program start up

•Can be completely
controlled through
remote desktop
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N ll l d t t iNacelle enclosure and test rig: 
Bespoke 

l
Thermostats

enclosure
PT 100 
signal 

conditionersconditioners
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DAQsVibration Sensors UPS Heater Anemometer, wind vane, air 
temperature and humidity



Hansford HS-100 Vibrationa s o d S 00 b at o
Sensor Layout
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Bottom enclosure:Bottom enclosure:
Off the shelf 

lenclosure

2 x HDD
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UPS



Rotor RPM low speed shaft sensorRotor RPM low speed shaft sensor 
test

Steel disk with 24 
equidistant holes

Hall effect 
gear toothgear tooth 
sensor
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Future Work
• Test remainder of sensors:

– Gram & Juhl two axis vibration sensor
– Humidity and Barometric pressure sensor
– Wind vane & Anemometer

• Purchase current and voltage sensorsPurchase current and voltage sensors
• Purchase sensor power supply
• Internal Wiring of sensors to power supplies and DAQ units
• Mains & reset switches enclosure fuse’s and power LED’s• Mains & reset switches, enclosure fuse s, and power LED s
• Design and build PCB sensor interface board.
• Overall system test. 
• Invite SP for a demo• Invite SP for a demo. 

• Phase 2 of the project will begin to look at analysing the data. 
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