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CalWind Projects: Wind Resource 1
Tehachapi, California

2> 134 @ Nordtank 65/13 wind turbines
Installed 1984-85

> All wind turbines in current operation
> 9 Megawatt Facility



Nordtank 65/13




Wind Resource 2 — Tehachapi,
California

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

> Purchased & Operated by CalWind since
1997

> 22 Megawatt Facility



Bonus 65/13




Condition Monitoring Turbines

13 @ 600+ KW wind turbines
Operating for 6+ years
dition Monitoring for 2+ year




600+ KW Wind Turbine
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»>econd Wind Advanced
istributed Monitoring System

SWI Project Analyst
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CTM Installed on Turbine Controller
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Fault Report

Site Mame: Calwind

Start Time: 00:00 Wednesday, April 01, 2009
Finish Time: 00:00 Friday, May 01, 2009

30 days

Motes:

Turbi Time Of Fault  Fault Description

T13 4/1/2009 0:29 144 High windspeed
T13 4/3/2009 4:06 362 Windshear_ . m/s,Nac. . m

T13 4/3/2009 7:30 144 High windspeed
T13 4/3/2009 8:13 315 ExEx low voltage
T13 4/3/2009 8:22 CTM lost A.C. power
T13 4,/3/2009 8:23 Device Interface Error
T13 4/3/2009 9:29 315 ExEx low voltage
T13 4/3/2009 9:33 144 High windspeed
T13 4/3/2009 9:47 315 ExEx low voltage
T13 4/3/2009 9:43 CTM lost A.C. power
T13 4/3/2009 9:49 Device Interface Error
T13 4/3/2009 9:58 315 ExEx low voltage
T13 | 4/3/2009 10:07 144 High windspeed
T13  4/3/2009 12:26 144 High windspeed
T13 | 4/3/2009 12:56 144 High windspeed
T13  4/3/2009 17:27 144 High windspeed




Event Report

Site Name: Calwind

Start Time: 00:00 Wednesday, April 01, 2009
Finish Time: 00:00 Friday, May 01, 2009

30 days

Motes:

Device Mame,"Time Of Event","Event Description”

T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/1/2009
T13,"4/3/2009
T13,"4/3/2009
T13,"4/3/2009
T13,"4/3/2009
T13,"4/3/2009

12:29:15 AM","Vestas VMP State = "PALSE™
12:29:15 AN","End Mormal State”

12:29:15 AM","Begin Errorstate”

12:329:15 AM","144 High windspeed"
12:29:15 AM","Turbine Went Not Ready"
12:29:30 AN","Turbine Went Offline"
3:52:05 AN","Vestas VNP State = "REUN""
3:52:05 AM","End Errorstate”

3:52:05 AM","Begin Normal State"

3:52:05 AN","Turbine Went Ready"

3:53:05 AM","Turbine Went Onlineg"
4:06:10 AN","YVestas VMP State = "STORP™
4:06:10 AM","End Normal State"

4:06:10 AM","Begin Errorstate”

4:06:10 AM","362 Windshear . m/s,Nac.
4:06:10 AM","Turbine Went Mot Ready”




Wind speed (m/s)




Components of the Swantech
System:

> Base Unit

- Base Radio Antenna

> Swan Guard

> Sensors on Gearbox

> Sensors on Generator

> Sensors on Yaw Drive & Main Shaft



Base Uni




3ase Radio Antenna




1 mile

INes

13 @600+KW Wind Turb




Swan Guard in Turbine




Sensors on Gearbox




Sensors on Generator




Sensors on Yaw Drive & Main Shaft

I-_ | | _.:‘ P y \ :

Yaw sensor Main shaft sensor




Stress Wave Analysis

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




Swan Stress Enerc
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perational Parameters for Digital
acord Triggering

Description Condition

High Wind

100 KW

300 KW

G660 KW

Oil Sump Temp

Gear Bearing Tmip

Name Description Condition

High Wind

100 KW

300 KW

G660 KW

Oil Sump Temp

Gear Bearing Tmip

T e Lo




E Plot - Normal
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E Plot - Abnormal

- Operating History - Microsoft Internet Explorer
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eneric Domain Time Series
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Healthy Random Friction

« Demodulated sensor signal
+ Shows random friction and shock events




stogram Plot - Normal
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)eneric FFT Spectral Analysis

Hz

Healthy Repetitive Shock

« Spectrum only contains friction and shock events

+ Healthy components produce a flat spectrum

+ Repetitive shock/friction events show up as significant spectral
lines




Project overview
CALWIND = SWANWind

CalWind Qverview

Company Overview > Calwind 11:28 AM
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Stress Performance Index Trend

Stress Performance Index Trends
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ondition Indices Report

Condition Indices Report

Sensors Selection

CRI - Calwind
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Concluding Summary:

2> SCADA - Second Wind ADMS for
operational data

> Qil samples with analytical ferrography
> Swantech condition monitoring system
> Not discussed:

> Manufactures training and repair
procedures and specifications

> Documentation of service
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