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CalWind Projects: Wind Resource 1 CalWind Projects: Wind Resource 1 
Tehachapi, CaliforniaTehachapi, California

•• 134 @ Nordtank 65/13 wind turbines 134 @ Nordtank 65/13 wind turbines 
installed 1984installed 1984--8585

•• All wind turbines in current operationAll wind turbines in current operation
•• 9 Megawatt Facility9 Megawatt Facility



Nordtank 65/13Nordtank 65/13



Wind Resource 2 Wind Resource 2 –– Tehachapi, Tehachapi, 
CaliforniaCalifornia

•• 200+ @ Bonus 65/13 wind turbines 200+ @ Bonus 65/13 wind turbines 
installed 1983 to 1985installed 1983 to 1985

•• Purchased & Operated by CalWind since Purchased & Operated by CalWind since 
19971997

•• 22 Megawatt Facility22 Megawatt Facility



Bonus 65/13Bonus 65/13



Condition Monitoring TurbinesCondition Monitoring Turbines

•• 13 @ 600+ KW wind turbines13 @ 600+ KW wind turbines
•• Operating for 4+ yearsOperating for 4+ years
•• Condition Monitoring for 1 yearCondition Monitoring for 1 year



600+ KW Wind Turbine600+ KW Wind Turbine



Oil Sampling and TrendingOil Sampling and Trending



Second Wind Advanced Second Wind Advanced 
Distributed Monitoring SystemDistributed Monitoring System



CTM Installed on Turbine ControllerCTM Installed on Turbine Controller

•• VMP Controller              Second Wind CTM VMP Controller              Second Wind CTM 



Components of the Swantech Components of the Swantech 
System:System:

•• Base UnitBase Unit
•• Base Radio Antenna Base Radio Antenna 
•• Swan GuardSwan Guard
•• Sensors on GearboxSensors on Gearbox
•• Sensors on GeneratorSensors on Generator
•• Sensors on Yaw Drive & Main ShaftSensors on Yaw Drive & Main Shaft



Base UnitBase Unit



Base Radio AntennaBase Radio Antenna



1313 @600+KW Wind Turbines 1 mile@600+KW Wind Turbines 1 mile



Swan Guard in TurbineSwan Guard in Turbine



Sensors on GearboxSensors on Gearbox

Planet sensor                Helical sensorPlanet sensor                Helical sensor



Sensors on GeneratorSensors on Generator

Drive end              Non drive endDrive end              Non drive end



Sensors on Yaw Drive & Main ShaftSensors on Yaw Drive & Main Shaft

Yaw sensor                Main shaft sensorYaw sensor                Main shaft sensor



Stress Wave AnalysisStress Wave Analysis

•• Stress Wave Analysis (SWAN) is a patented Stress Wave Analysis (SWAN) is a patented 
technology that provides measurement of overall technology that provides measurement of overall 
machine health SWAN detects Stress Wave machine health SWAN detects Stress Wave 
Energy that is created by shock and friction Energy that is created by shock and friction 
events SWAN enables the separation of these events SWAN enables the separation of these 
high frequency stress waves from the much high frequency stress waves from the much 
lower range of operating machinery dynamics lower range of operating machinery dynamics 
and audible noise, providing a clear indication of and audible noise, providing a clear indication of 
machine health.machine health.



Swan Stress Energy ScreenSwan Stress Energy Screen



Operational Parameters for Digital Operational Parameters for Digital 
Record TriggeringRecord Triggering



SWE Plot SWE Plot -- NormalNormal



SWE Plot SWE Plot -- AbnormalAbnormal



Generic Domain Time SeriesGeneric Domain Time Series



Histogram Plot Histogram Plot -- NormalNormal



Histogram Plot Histogram Plot -- AbnormalAbnormal



Generic FFT Spectral AnalysisGeneric FFT Spectral Analysis



Analysis Example: Inner Race CrackAnalysis Example: Inner Race Crack



Case Study: Torque Arm Spring Case Study: Torque Arm Spring 
ReplacementReplacement



Case Study FFT: Torque Arm Case Study FFT: Torque Arm 
Spring ReplacementSpring Replacement



Case Study Histogram: Torque Arm Case Study Histogram: Torque Arm 
Spring ReplacementSpring Replacement



Concluding Summary:Concluding Summary:

•• SCADA SCADA –– Second Wind ADMS for Second Wind ADMS for 
operational dataoperational data

•• Oil samples with analytical ferrographyOil samples with analytical ferrography
•• Swantech condition monitoring system Swantech condition monitoring system 
•• Warranty ComplianceWarranty Compliance
•• Preventative MaintenancePreventative Maintenance
•• Not discussed: Maintenance program and Not discussed: Maintenance program and 

motivated talented techniciansmotivated talented technicians




