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20

,

. Repower

6.15MW 126m

, Clipper Windpower Plc. 7.5MW

.

(blade)

,

,

. 2

(rated power) (failure rate) ,

.

,

23~35%

[2, 3].

. 3

, 2000
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.

[5, 6],

(vibration-based monitoring), 

(oil-based monitoring)

.

.

, ,

, .

.

4

.

.

. 2

.

,

(SCADA : Supervisory Control and Data Acquisition) 

(CMS : Condition Monitoring System) .

SCADA (Controller)

Control, Monitoring, Analysis Reporting

,

. SCADA 

,

. SCADA 

,

, ,

Time-at-Level Limits .

SCADA

, Garrad Hassan DTI

(Department of Trade and Industry, ) Sustainable

Energy Program SCADA GH
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SCADA . 6 GH SCADA 

. GH SCADA 

, (substation) RIU

(Remote Interface Unit)

.

SCADA

[8].

- : ENERCON SCADA system

(ENERCON, USA), Gamesa WindNet (Gamesa, Spain), GE -

HMI/SCADA - iFix 5.1 (GE, USA).

- : GH SCADA (Garrad

Hassan, UK), SgurrTREND (SgurrEnergy, UK).

- : BaxEnergy WindPower

Dashboard (BaxEnergy GmbH, Germany), CONCERTO (AVL,

Austria), CitectSCADA (Schneider Electric Pty. Ltd., Australia),

ICONICS for Renewable Energy (ICONICS Inc., USA), InduSoft

Wind Power solutions (InduSoft, USA), reSCADA (Kinetic

Automation Pty. Ltd., USA), WindCapture (SCADA Solutions,

Canada), Wind Systems (SmartSignal, USA), Wind Asset

Monitoring Solution (Matrikon, Canada).

- : SIMAP (Molinos del Ebro,

S.A., Spain).

- : INGESYS Wind IT (IngeTeam,

Spain), Gateway System (Mita-Teknik, Denmark).

, CMS

,

.

CMS

,

,

. CMS Monitoring,

Analysis Reporting ,

, SCADA

. SCADA , CMS

,

,

.

CMS

[6].

- Drive Train : Bruel & Kjaer Vibro

(Bruel & Kjaer, Denmark), CMS (Nordex, Germany), CBM (GE,

USA), Condition Diagnostics System (Winergy, Germany),

OneProd Wind (Areva, France), SMP-8C (Gamesa Eolica, Spain),

System1 (Bently Nevada, USA), TCM (Gram & Juhl A/S,

Denmark), WindCon3.0 (SKF, Sweden), WinTControl (Flender

Service GmbH, Germany), WiPro (FAG Industrial Services

GmbH, Germany), WP4086 (Mita-Teknik, Denmark).

- : HYDACLab (HYDAC Filtertechnik

GmbH, Germany), PCM200 (Pall Industrial Manufacturing, USA),

TechAlert 10 & TechAlert 20 (MACOM, UK).

- : BLADEcontrol

(IGUS ITS GmbH, Germany).

- Fibre Optic Strain : FS2500
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(FiberSensing, Portugal), RMS (Moog Insensys Ltd., UK).

,

,

8 .

.

.

, 8

.

,

Beam (deflection), , ,

.

Beam

- Beam

(General Electric,

2004.6.30).

- Rigid Bar

Root

Screen

Optical Profiling Sensor CCD

Imaging Device , Edgewise,

Flapwise Rotational (VESTAS,

2009.11.27).

-
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(IGUS, 2005.7.6).

- ,

(VESTAS, 2009.10.12).

- Idling Edgewise

Oscillation , Yaw Edgewise

Oscillation . Edgewise Oscillation

0.9~1.8Hz

.(VESTAS , 2008.11.27).

- Icing

Model

(General Electric, 2005.7.28).

- Electromagnetic Radiation Emitter Output Laser

Blade Reflector Electromagnetic Radiation

Receiver Input .

Electromagnetic Radiation

(VESTAS, 2009.11.11).

- (Repower Systems AG,

2006.07.13).

.

- 13(a)

(Viertl, 2005.10.31).

INSENSYS LIMITED .

- Wavelength Division Multiplexing , Switch

Splitters Delay Coils Time Division

Multiplexing (INSENSYS LIMITED, 2007.8.20).

- (INSENSYS LIMITED,

2007.8.20).

- Fault Tolerance Cabling Strain

Sensor (INSENSYS LIMITED,

2007.8.20).
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- Strain Sensors Bending Moments

Rotation Speed, Angular Position, Drive Torque, 

Resultant Load (INSENSYS LIMITED, 2008.5.2).

- Strain Sensor (INSENSYS

LIMITED, 2008.10.3).

,

Accelerometers, Acoustic Emission Detectors, Fibre-Optical Strain

Gauges . Ris [9],

. .

- Accelerometers

.

- Acoustic Emission Laminate Flaws

.

- Fibre Optic Displacement Transducers Adhesion Failures

.

.

- ( ) /SCADA

(SEAWEST HOLDINGS, 2003.12.14)

-

Predictive Maintenance System (Romo &

Gonzalez, 2004.11.12).

-

Condition-based Monitoring , Drive Train

Fatigue Assessment Trending,

Diagnostic Analysis Main Shaft Flange Displacement

Sensor System (LeMieux & Moroz, 2005.9.2).

VESTAS(2008.11.07)

MITSUBISHI(2001.05.25) .

- Cepstrum

,

Fault

(SIEMENS,

2000.7.7).

- Tower Shadow 

, Auto Regressive

Model (Tokyo Electric Power, 2005.3.3).

- 2

,

(Wobben, 2002.3.14).

-

(Wobben, 2002.3.14).

- (Foundation)
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, Rock Anchor Pad Anchor

(Reed & Reed, 2009.10.16).

-

Flange

(VESTAS, 2009.11.20).

-

, 2

(Nordex Energy, 2008.3.18).

- Tg ;

Moment of Inertia Ig ;

g ; Tr = (Tg-Ig g)i Power

Train Tr ; Rainflow-

counting Tr

Number of Cycles(Torque Oscillations

Fatigue Damage)

(ECOTECNIA, 2008.10.21).

- Drive Train 

rpm (Superposition)

(PRUEFTECHNIK, 2009.9.29).

- Laser Aerovane
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Yaw

Pitch

(MITSUBISHI, 2003.11.13).

- SODAR( )

( , )

(Wobben,

2004.1.30).

-

(General Electric, 2007.12.12).

- SCADA

(Qu, 2009.9.30).

-

,

(Wobben, 2002.2.14).

-

(Toyo

Electric, 2003.8.26).

-

(LS , 2008.05.07).

- Data Processors Events

, Data Processors

(VESTAS, 2008.11.26).

- Rotor Stator

Air Gap

(XEMC DARWIND BV, 2009.12.17).

.

,
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