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ABSTRACT In this study, an SW for the analysis of the wind-turbine vibration characteristics was developed as an application of
SaaS cloud infrastructure. A measurement system for power-performance, mechanical load, and gearbox vibration as type-test class
was installed at a target MW-class wind turbine, and structural meta and raw data were then acquired into the cloud. Data processing
algorithms were developed to provide cloud data to the SW. To operate the SW continuously, raw data was downloaded consistently
based on the algorithms. During the SW test, an intermittent long time-delay occurred due to the communication load associated with
frequent access to the cloud. To solve this, a compression service for the target raw data was developed in the cloud and more stable
data processing was confirmed. Using the compression service, stable big data processing of wind turbines, including gearbox
vibration analysis, is expected.
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Nomenclature 1.LME
SaaS : software as a service

SCADA : supervisory control and data acquisition

WAN : wide-area network o
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Fig. 1. Measurement system for MW—class wind turbine in power performance, mechanical load and gearbox vibration tests
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Table 1. Channel list in measurement system

# Loc. Description Fs | Unit
1 Blade 1 middle edgewise bending KNm
moment
2 Blade 1 root edgewise bending moment kNm
— Bladel
3 Blade 1 middle flapwise bending KNm
moment
4 Blade 1 root flapwise bending moment kNm
5 Blade 2 middle edgewise bending KNm
moment
6 Blade 2 root edgewise bending moment kNm
— Blade2
Blade 2 middle flapwise bending
7 kNm
moment
8 Blade 2 root flapwise bending moment kNm
Blade 3 middle edgewise bendi
9 ade 3 middle edgewise bending Nm
moment
10 Blade 3 root edgewise bending moment kNm
Blade3 lade 3 middle flapwise bendi
m Blade 3 middle flapwise bending KNm
moment
12 Blade 3 root flapwise bending moment kNm
13 Tower top North—South bending Nm
moment
14 Tower top East—West bending moment kNm
Tower middle North—South bending 50 Hz
15 kNm
moment
16 Tower Tower middle East—West bending KNm
moment
17 Tower base North—South bending KNm
moment
18 Tower base East—West bending moment kNm
19 Tower top torsional moment kNm
‘Wind speed measured by nacelle
20 m/s
anemometer
Wind direction measured by nacelle
21 . deg
wind vane
22 power kW
23 Controller rotor speed RPM
24 generator speed RPM
25 pitch angle of bladel (collective pitch) deg
26 yaw angle (= nacelle direction) deg
27 rotor azimuth angle deg
28 Wind speed m/s
29 | Met, Mast Wind direction deg
30 Air temperature °C
31 Planetary gear vertical vibration m/s’
32 Housing axial vibration m/s”
—— Gearbox 5
33 Housing lateral vibration m/s
5 kHz 2
34 Housing vertical vibration m/s
35 Drive—End lateral vibration m/s”
— Generator 2
36 Non Drive—End lateral vibration m/s
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Fig. 2. Structured data uploader
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Table 2. Estimation table for wind turbine condition according
to RMS calculation in ISO 10816—21

: 2
Acceleration frequency Acceleration (m/s”)

range Zone B Zone C -
<0.1 ~ 10 Hz 03 = - =05
10 ~ 2 kHz 75 = — =120

Velocity (mm/s)

Velocity frequency range

Zone B | Zone C
10 ~ 1 kHz 3.5 = - =56
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(a) Continuous data acquisition and integration
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(c) Vibration status analysis on single location
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(b) Setting analysis parameter based on ISO 10816—21
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(d) Vibration status analysis on multi locations

Fig. 3. Gearbox status evaluation based on ISO 10816—21
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