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THREE WAYS TO OPERATE A WIND
TURBINE:

REACTIVE MAINTENANCE

PREVENTATIVE MAINTENANCE

PREDICTIVE MAINTENANCE
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DEVELOP A BUDGET-POST WARRANTY

LABOR, PURCHASING, PRODUCTION, MAINTENANCE,
AVAILABILITY, DUE DILIGENCE, INSURANCE, FINANCING.

SustainableSuburbiainet SustainableSuburbiainet

* HIGH SPEED SHAFT

* GENERATOR BEARING

* PLANETARY SECTION

* MISALIGNMENT AT COUPLING
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Construction

Contingency _ Finance

Assembly &
Installation ___

Turbine
Transportation _—

Foundations _/
Engineering & / /
Permits ~._Drivetrain
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CONDITION MONITORING
TECHNOLOGIES

~- LUBRICATION ANALYSIS
~-INFRARED THERMOGRAPHY INSPECTION
~ OIL PARTICULATE SENSORS

~- LASER ALIGNMENT

- VIBRATION ANALYSIS
- ACOUSTIC ANALYSIS |
~- MOTOR CURRENT ANALYS

~- BORE SCOPE INSPECTION
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DISTRIBUTION OF FAILURES BASED ON 6
GW
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PER EVENT DIFFERENCE WITH
CONDITION MONITORING SYSYEM (CMS)

gearbox  bearings
$400-750,000

(o] p
$3°° 000 18-24 MONTHS >
$85 iy LEAD TIME

B 55,000 \N - m;‘ggg =

generator break

spinner

Nacelle frame Yaw bearing yaw drive
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AVERAGE DETECTION LEAD TIME TO
FAILURE USING CMS CORRECTLY

67 MONTHS 9-12 MONTHS

gearbox  bearings

generator break

spinner

Nacelle frame Yaw bearing yaw drive
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DRIVETRAIN FOCUS WITH CMS

ANNUAL FAILURE RATE OF 11-16% IS COMMON

6-7 MONTHS

ALMOST
50%
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THREE WAYS TO GET CMS ON WIND
TURBINES:

MANUFACTURER INSTALLED
RETROFIT

PORTABLE INSPECTION
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ANALYST

SOFTWAR
E REPORT
COMMUNICATIONS

CMS UNIT

VIBRATION SENSORS
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MANUFACTURER AND RETROF

CMS
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OEM INSTALLED CMS SENSOR
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CORRECT APPROACH
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GEARBOX

GENERATOR
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COMPANY “A“ INCORRECT APPROACH
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COMPANY “B“ INCORRECT APPROACH
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COMPANY “C“ INCORRECT APPROACH
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COMPANY “D“ INCORRECT APPROACH
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INCORRECT APPROACH

66E“

COMPANY
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COMPANY “F“ INCORRECT APPROACH
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COMPANY “G“ INCORRECT

APPROACH
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COMPANY “H“ INCORRECT

APPROACH
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APPROACHES TO CMS SENSORS AND
LOCATIONS
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CONDITION MONITORING MYTHS

. NEED VOLUMES OF DATA, LOTS OF MEASUREMENTS
. NEED A VIBRATION BASELINE, HISTORY

. TOO DIFFICULT TO UNDERSTAND THE DATA

. PLANETARY IS DIFFICULT TO DETECT

. NOT COST JUSTIFIED
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END OF WARRANTY

CMS
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END OF WARRANTY CONSIDERATIONS

WIND IS REQUIRED
ENOUGH TIME TO GATHER DATA AND BUILD A CASE

KINEMATIC DATA IS HELPFUL BUT NOT ESSENTIAL
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TURBINE GEARBOX COMMON INSPECTION TECHNIQUES

COMPONENT DETECTION PERCENTAGES ON A TYPICAL GEARBOX

VISUAL INSPECTION BORESCOPE VIBRATION ANALYSIS

HIGH SPEED PINION 50% 50% 100%
INTERMEDIATE WHEEL & PINION 100% N/Af 100%
Low-SPEED WHEEL 100% N/AT 100%

SUN GEAR No 30%#% 100%
PLANETARY GEARS (3) 10% 30%8% 100%
RING GEAR 20% 30% 100%

HiGH SPEED BEARINGS (3) [\ (o) 100% 100%
INTERMEDIATE BEARINGS (2-3) No B50%* 100%

Low SPEED BEARINGS (2) [\ (o) B50%* 100%
PLANETARY CARRIER BEARINGS (2) [\ (o) 30%82 100%
PLANETARY GEAR BEARINGS

(6 DRCRB) No 30%#% 100%

T CLEARLY VISIBLE DURING VISUAL INSPECTION BY REMOVAL OF INSPECTION COVER

¥ DEPENDS UPON GEARBOX MAKE/MODEL, OIL LEVEL AND BEARING CONFIGURATION

8 REQUIRES SEVERAL ROTATIONS OF ROTOR AND TO INSPECT 100%, ADDING SEVERAL HOURS TO
INSPECTION

BY DON ROBERTS AND DAVID CLARK
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EACH GEARHAS A
FREQUENCY

AMPLITUDE

FREQUENCY

NUMBER OF TEETH X RPM = GEAR‘S MESHING FREQUENCY (GMF)
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VIBRATION SPECTRUM

AMPLITUDE

HOW SEVERE

2
WHAT COMPONENT IS DAMAGED FREQUENCY
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GEAR EXAMPLE

AMPLITUDE

. nm_nu,.._..ii:{..mlAJJhu.:r.l_mj_.thﬁ....:.;“J.uL\u.uLLu.4«ut:u¢_mwl\“¢%!!‘!@l¢mujf»i

30/04/2004 2:14:30 p.m_ O/ANl 0.991 g rms_=set RPM=

EXAMPLE

| ‘ FREQUENCY

NUMBER OF TEETH X RPM = GEAR‘S MESHING FREQUENCY (GMF)
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BEARING EXAMPLE

QMPLITUDE 2 8 | c |

B A-004.01 DS: 100 Orders, HDe

g

A 4

100 Orders

BPFO = Ball Pass Frequency Outer

FREQUENCY
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_..OIAIl 0.243 g BMS

100,000

24
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CMS

COST JUSTIFICATION
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COST JUSTIFICATION, EPRI REPORT

Gearbox Overhaul and Lost Revenue Costs
1 turbine, 1 failure

450,000

400,000
350,000
300,000
250,000
200,000
150,000

100,000

50,000

200 1100 1300 1500 1700 1500 2100 2300
Rating (kW)

—a— Total Planned - Up-Tower Repair —m— Total Unplanned - Crane Required
—i— Total Planned - Crane Required, Spare On Site —a— Crane
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GEARBOX, SINGLE EVENT

BACKHALF
OF TYPICAL
GEARBOXIS

UPTOWER REPAIRS
ARETYPICALLY $12-
$15,000 FOR HSS

CRANE REPAIRS
EXCEED $300,000

SAVINGS OF
$285,000+ PER
EVENT
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OWNER HAS 350 WIND TURBINES, 5-6 YEAR OLD
CEOSBT JUSTIFICATION, GEARBOX

WEI!_ﬂ THEY HAD 26 HIGH SPEED SHAFT

FAILURES CATASTROPHICALLY

THE COST AVOIDANCE PER EVENT IS $300kK+ WITH
AN UP-TOWER REPAIR OF

$15,000. PER EVENT, THIS IS A SAVINGS OF ABOUT
$300K.

26 X $300K = $7,800,000 IN AVOIDABLE O&M COSTS
IN A SINGLE YEAR

DIFFERENCE OF O&M APPROACHES IS $390,000
FOR PREDICTIVE, $7.8M FOR REACTIVE...$7.4M
DIFFERENCE

CMS PERMANENTLY INSTALLED IS $2.25-
$3.5M...ONCE ON 350 WIND TURBINES
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GENERATOR ROI, SINGLE EVENT EXAMPLE

Condition Monitoring
Date : 21.12.2006
Turbine Type : 1.5 MW

Component : Generator

Damage : Bearing Drive End. Side
1.  CMS Data : Trend & Spectrum

Rill

'
i
'

2. Photo Inner Ring
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3. Costs Approach :
With CMS

Actions conducted
Real Costs

Real Downtime

Without CMS

Damages generated

Costs of the Damages (Parts & Labors)
Downtime

Economy performed with CMS
Reduction Parts & Labors
Reduction of Downtime

Bearing changed
2900 €
11 hours

Generator
destroyed
133 000 €
480 hours

130 100 €
469 hours




COST JUSTIFICATION, GENERATOR
EXAMPRHEAS 350 WIND TURBINES

IN ONE YEAR THEY HAD 48 GENERATOR
FAILURES, MOSTCATASTROPHICALLY

THE COST AVOIDANCE PER EVENT IS $92k+ WITH
AN UP-TOWER REPAIR OF $6000 PER EVENT

THIS IS A SAVINGS OF NEARLY $86K PER EVENT

48 X $86K = $4,214,000 IN AVOIDABLE O&M
CESTS AND LOST PRODUCTION IN A SINGLE
YEAR

CMS PERMANENTLY INSTALLED IS $2.25-$3.5M
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FACTOR
w/CMS

- DOWNTIME
(30 DAYS GBX)

REPAIR COST

CRANE GROUPINGS/
LOGISTICS CONSOLIDATION

FREQUENCY/ # OF FAILURES

PPA/PTC COST PER MW/HR

IMPROVEMENT

50-75% REDUCTION

30-80% REDUCTION

$15,000/TOWER REDUCTION

AVERAGEIS 11-16% ANNUALLY

ACTUAL RATE



70 TOWERS OVER 6 YEARS

SAVINGS THours soved|

Total|CMS
reductign Spare

2ZEecBeB==8=R

Total CMIS
reduction hpurs

TGTAL HOURS

sanzu
TURMOVER[ | (0,07 CikWih]

Reduce O&M
Turn Over costs : 2 %

Of the Turbines on On the period
The Period
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ON A 50 TOWER WIND FARM, ONE GEARBOX AND ONE GENERATOR SAVE
DURING THE LIFE OF THE PROJECT...PAYS FOR CONDITION MONITORING
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PER EVENT DIFFERENCE WITH
CONDITION MONITORING SYSYEM (CMS)

gearbox  bearings
$400-750,000

(o] p
$3°° 000 18-24 MONTHS >
$85 iy LEAD TIME

B 55,000 \N - m;‘ggg =

generator break

spinner

Nacelle frame Yaw bearing yaw drive
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THE CMS DIFFERENCES BETWEEN OTHER INDUSTRIES
AND WIND
THEY TYPICALLY DO NOT USE OEM CMS
THEY USE SYSTEMS THAT ARE MADE FOR MULTIPLE
INDUSTRIES
FROM INDEPENDANT AND ESTABLISHED SUPPLIERS
THOSE SUPPLIERS HAVE CORE COMPETENCY IN CMS
EDUCATION/CERTIFICATION IS WELL SUPPORTED

CULTURE OF PREDICTIVE MAINTENANCE IS DECADES
OLD
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CONDITION MONITORING
CONSIDERATIONS
WIND FARM OWNER

- COMMUNICATIONS UP-TOWER

- UNDERSTAND YOUR FULL SOFTWARE,
MONITORING AND ON-GOING COSTS

- QUALITY OF CMS PRODUCT

~ UNDERSTAND YOUR ACCESS POST FSA/POST
WARRANTY

- NOT ALL CONDITION MONITORING IS THE SAME

- RFQ’s RFP’s MUST BE WRITTEN CAREFULLY
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DAVID CLARK
DAVID@CMSWIND.COM
01 (530) 6775797

QUESTIONS

CMS
WIND

WIND TURBINE CONDITION MONITORING AND CONSULTING
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