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1. INTRODUCTION

1.1 Generality
This document is produced within the frame of RAM activities required for WP2 of fReliawind
Projecto.

1.2 Scope

This document defines a reliability model specification to be used by all Reliawind Partners

to understand the expected deliveries that have to be provided to Relex to realize the whole

WTG reliability model. All partner companies, according to this model and the applicable
documenGonn3oln fdrel i ability anal ys hase tarpeepdnectitbs and
same type of analyses and deliver results that will enable Relex to perform an overall system

reliability analysis.

This document has to be considered as a useful guide for the following:

a. to create the sub-system WBS;
b. to define a common WTG Failure Mode Library;

to create each sub-system Reliability Block Diagram;

e

d. to define standard formats for the Reliability Prediction and FMECA Analysis;

e. to define standard templates to print out the results of all the reliability
analysis performed during the WP2 reliability program.

1.3 Application

After approval by the Reliawind Consortium, this document shall form the basis for each
Reliawind industrial partner to create single subsystems and component functional and
reliability

Models.

Together with this document, each Reliawind partner will receive a Relex Project containing
the WTG System tree, the System RBD, a proposal of several Failure Modes Libraries to be
used to create the standard WTG Failure Modes Library and some standard template for
reporting during the WP2 reliability program. Relex will collect all the comments and
suggestions coming from the partners and will create a final Relex Project representing the
whole System level reliability model. Relex will use this Project to integrate all contributions
from the industrial partners (RBDs, component FMEA, reliability models, etc.).
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1.4 Abbreviations

Availability

Criticality Analysis

Mode criticality number

Corrective Maintenance

Corrective Maintenance Analysis
Computerized Maintenance Management System
Item criticality number

Failure Rate

Functional Block Diagram

Failures In Time

Failure Mode and Effects Analysis

Failure Mode Effects and Critical Analysis
Failure Reporting Analysis and Corrective Action System
Fault Tree

Fault Tree Analysis

Life Cycle Cost

Life Control Number

Line Replaceable Unit

Logistic Support Analysis

Maintainability

Maintenance and Operations

Mean Down Time

Maintainability Program

Maintainability Plan Analysis

Mean Time Between Failure

Mean Time Between Maintenance

Mean Time To Repair

Mean Time To Preventive Maintenance)
Packaging Handling Storage and Transportation
Preventive Maintenance

Preventive Maintenance Analysis
Predictive Testing and Inspection
Reliability

Reliability, Availability, Maintainability

To Be Defined

Total Quality Management

Wind Turbine Generator
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2. Applicable Documents

2.1 Reliawind Documents

[1] FP7-ENERGY-2007-1-RTD Reliability focused research on optimizing Wind Energy
Systems design, operation and maintenance :

Tools, proof of concepts, guidelines & methodologies for new

generation
[2] 081023 Reliawind WP 2 Recovery Plan
[3] D.2.0.1 Common reliability analysis methods and procedures
2.2 Standards Documents

[4] MIL-STD-785B Not. 2 Reliability Program for Systems and Equipment Development
and Production

[5] MIL-STD-721C Not. 1  Definition of Terms for Reliability and Maintainability
[6] MIL-STD-756B Not. 1  Reliability Modelling and Prediction

[7] MIL-HDBK-217F Not 2 Reliability Prediction of Electronic Equipment

[8] MIL-HDBK-472 Maintainability Prediction

[9] MIL-STD-1629 Procedures for Performing a Failure Modes, Effects and
Criticality Analysis

[10] NSWC-07 Handbook of Reliability Prediction Procedures for Mechanical
Equipment

[11] NPRD-95 Non electronic Parts Reliability Data 1995
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3. Wind Turbine Generator configurations

Two generic WTG configurations have been proposed by Gamesa and Ecotecnia to be
considered within the Reliawind project :

The Reliawind R80

A pitch-regulated upwind wind turbine with an active yaw and a three-blade rotor. It
represents the state of the art in current commercially available WTG's, with the following
characteristics :

Main Data 50 Hz 60 Hz

Nominal Power 1,5+2 MW 1,5+2 MW
Rotor diameter 80+90 m 80+90 m
Hub height 60+100 m 60+100 m
Rotational speed 10+20 rpm 10+20 rpm

Aerodynamic brakes

Full feathering

Full feathering

Number of blades 3 3
Class A A
Operating Temperature -25+40°C -25+40°C
Altitude 0+ 1500 m 0 +1500 m

The Reliawind R100

A pitch-regulated upwind wind turbine with an active yaw and a three-blade rotor. It
represents the future Gamesa and Ecotecnia WTG design, with the following characteristics

Main Data 50 Hz 60 Hz
Nominal Power 3+5 MW 3+5MW
Rotor diameter 120+130 m 120+130 m
Hub height 100+120 m 100+120 m
Rotational speed 12+14 rpm 12+14 rpm

Aerodynamic brakes

Full feathering

Full feathering

Number of blades 3 3
Class A A
Operating Temperature -20+40°C -20+40°C
Altitude 0 + 1500 m 0+ 1500 m
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As described in [2], these two WTG configurations will be used for the Reliability Prediction
and the Reliability Block Diagram Analysis. From these two tasks we will get the input to
influence new designs (R100) by determining whether built-in test or redundancy is needed.
For the R100 Configuration a Component FMECA will also be performed.

4. WTG Work Breakdown Structures
In general terms, a system is a combination of items that are interconnected with each other
to perform a specific operational function or functions. At its highest level, a system may
consist of a number of individual pieces of equipment, each designed to perform a particular
function as a self-contained unit; alternatively, at the lowest level of assembly, a system may
be a combination of individual electronic components and/or mechanical parts providing an
input function to the next higher level of assembly.

Under the Reliability and Maintainability areas, a physical hardware breakdown may create
problems in Arolling upd failure rates, reliabi
appropriate higher item.

We discussed about this structure during the Relex training in Ecotecnia and Gamesa.
According to the System Tree used in Relex Studio we defined two standard structures
(R80 and R100) for the description of the Wind Turbine.

5. WTG Reliability Prediction
In order to avoid any problem, when performing a System Reliability prediction or analysis it
is necessary to produce a model that represents the reliability relationships between items
comprising the system ( AReliability Modell i ngo«
elements within the model to provide a quantitative estimate of the system reliability and its
constituent parts.

The assembly model used for the Prediction is a series Model (failure of any component
causes an assembly failure). Series model describes a configuration of several items
performing a task, but all subsystems, assemblies and components are fully operational
(100%) at all times and are all required for successful operation.

The reliability prediction will be performed on the basis of the following operating conditions
and assumptions :

Environment : GF, GU - Ground Fixed, Uncontrolled

Temperature : 30°C

The following sources will be used for components failure rates :

1 Component failure rates derived from service experience for identical parts.

1 MIL-HDBK-21 7 F , AfReliability Prediction of El ect
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1 SR-332 Issue 2, Reliability Prediction Procedure for Electronic Equipment -
Telcordia Technologies.

1 IEC 62380, Ed.1 RDF 2003 : Reliability Data Handbook - A universal model for
reliability prediction of Electronics components, PCBs and equipment.

1 NSWC-07, Handbook of Reliability Prediction Procedures for Mechanical
Equipment.

1 NPRD-9 5, iNon el ectronic Parts Reliability De
1 Supplier data.

1 Component failure rates derived from service experience for similar parts.

Other general assumptions, which are consistent with the actual phase of the system
Development , are the following:

1 Failure rates of components are constant during equipment life period. The
component time to failure distribution is exponentially distributed (that is, a
constant failure rate).

The failures of different components are independent.
The MTBF prediction takes into account only hardware failures (no SW).

No account is taken for early life or end of life failure mechanisms.

=A =4 =4 =4

Component failure rates do not include Infant Mortality or Wear Out mechanisms
but only the steady state part of life.

In order to calculate other logistic metrics like Availability, MTTR (mean time to repair) at
assembly and sub-assembly level will be introduced in the System model as a specified
values.

Appendix A reports the R80 WBS as included in the standard Relex Project for the whole
system Reliability model. The first 10 pages are related to the System tree assemblies
(System, sub-systems, assemblies and sub assemblies) while the last page is an example
of the System tree at component level.
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6. WTG Reliability Block Diagrams
An RBD (Reliability Block Diagram) is a visual representation of the portions of the system to
be modeled. Because reliability predictions assume that all components in a system are in
series, they cannot be used to analyze a system with redundant components. RBDs are
used to evaluate the reliability of systems that are complex in their configurations. RBDs also
provide an efficient and effective way to compare various configurations to find the best
overall system design.

The model used for a System Reliability Analysis will require a large number of Reliability
Block Diagram (RBDs) to describe the System, the System functions and its operating
states.

The goal of reliability block diagrams is the determination of almost all reliability and
maintainability metrics of a complete system, like:

Reliability
Availability

Failure rate

MTTR (mean time to repair)

These values are calculated taking into account the operative configuration of the system
including redundancies. The first step is to develop an RBD at system level as follows:

1 Specify the functions of the system and the operating states (e.g., standby,
full power, etc.) by reference to the data assembled during System Definition;

1 Specify the minimum requirements for the system to operate successfully in
terms of the functions of the system;

1 Draw a system RBD in terms of the system functions;
1 Specify the sub-systems that are required to perform the system functions;

1 Draw a system RBD in terms of the sub-systems and simplify as
necessary.

Once an RBD has been constructed to show the reliability dependencies at the system level,
a similar procedure should be followed to construct RBDs for each sub-system at successive
levels of assembly down to the level at which reliabilities, or failure rates, can be estimated
from the component/part data.

This process is illustrated in the following Figure 5.1 :
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Figure 5.1 Development of Reliability Block Diagrams Within a System

Each Reliability Block Diagram is made up by connection of several figures (blocks) and
each figure is characterize by :
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o The General information (Name, Part Number, Reference Designator, Description
ée.)
The Failure rate and the failure distribution.
The total number of units present in the system
0 The type of redundancy. Choices are:
1 Series.
9 Parallel Operating.
1 Standby.
0 The corrective maintenance or repair information.

After failure and repair data have been specified for the figures in the RBD, sophisticated
mathematical algorithms or a Monte Carlo simulation engine are used to calculate many
different reliability measures, including failure rate, MTBF, reliability, availability, and more.
The following table describes all of the Relex results that can appear on the Calculation
Results page for each figure. The results that do actually appear depend on the selections
made on the RBD page in the Calculate property sheet prior to performing RBD calculations.

Time The time at which the calculated results display.
Reliability The reliability of the figure at each time point.
Unreliability The unreliability of the figure at each time point.
Availability The availability of the figure at each time point.

Unavailability The unavailability of the figure at each time point.

Mean Availability

The average availability of the figure at each time interval.

Mean Unavailability

The average unavailability of the figure at each time interval.

Failure Frequency

The frequency of failures expected during each time interval.

Total Downtime

The cumulative downtime expected during each time interval.

Expected Number of
Failures

The number of times the component is expected to fail during each
time interval.

Table 5.1 Relex RBD Calculation Results Page

In Appendix B the WTG80 Reliability Block Diagram and an example of a Relex RBD
Calculations template are given.




Ed. Ap. 1127

Decemb er 21, 2008

The Reliability Block Diagram reported in Appendix B is included in the Relex Project
delivered to the Reliawind Partners together with this document. The RBD is based on the
Functional Block Diagram described in the WP2 deliverable d2.0.2 functional block diagram
specification

7. WTG FMECA

A similar System Model, as created for R80, will be constructed for the R100 Configuration

and will be used for the FMECA Analysis. The FMECA Analysis will be conducted according

to the procedure described in [ 3 Comion reliability analysis methods and pr ocedur es o
which refers to Mil STD 1629A. The Analysis will start from component level associating to

each component its Failure Modes as reported in the Reliawind Failure Mode Library to be

compiled by Relex with the support of Reliawind Partners. The Relex Project delivered to the

Partners contains several Failure Modes Libraries that can be used to create a more
exhaustive one for wind turbine.

Appendix C gives an example of a FMECA Worksheet based on Mil STD 1629A.
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Appendix A - WTG80 System tree



Page # 1
“Rele ’
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTGS80
Time 17.29 Reference Des
Date 21/01/2009 Description WTG
Environment GF, GU- Ground Fixed, Uncontrollec Failure R ate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF
WTG WTGS80 WTG 1 0 0
ROTOR MODULE WTGS80A Rotor Module 1 0 0
PITCH SYSTEM (HYDRAULIC) WTG80AA Pitch System (Hydraulic) 1 0 0
SENSORS WTGB80AAA Sensors 1 0 0
BLADE PITCH ACTUATORS WTGB80AAB Blade Pitch Actuators 1 0 0
EMERGENCY ACTUATION UNIT WTG80AAC Emergency Actuation Unit 1 0 0
COMMUNICATION MODULE OR CABLE WTG80AAD Communication Module or Cable 1 0 0
HYDRAULIC ROTATING JOINT WTG80AAE Hydraulic Rotating Joint 1 0 0
SUPPORT STRUCTURE WTG80AAF Support Structure 1 0 0
ELECTRICAL PROTECTIONS WTG80AAG Electrical Protections 1 0 0
BLADE LOCKING SYSTEM WTG80AAH Blade Locking System 1 0 0
PITCH SYSTEM (ELECTRICAL) WTGS80AB Pitch System (Electrical) 1 0 0
SENSORS WTG80ABA Sensors 1 0 0
AXIAL UNIT WTGS80ABB Axial Unit 1 0 0
EMERGENCY ACTUATION UNIT WTG80ABC Emergency Actuation Unit 1 0 0
COMMUNICATION MODULE OR CABLE WTGB80ABD Communication Module or Cable 1 0 0
PROGRESSIVE DISTRIBUTOR WTGB80ABE Progressive Distributor 1 0 0
SUPPORT STRUCTURE WTG80ABF Support Structure 1 0 0
ELECTRICAL PROTECTIONS WTG80ABG Electrical Protections 1 0 0
BLADE LOCKING SYSTEM WTG80ABH Blade Locking System 1 0 0
HUB WTGB80AC HUB 1 0 0
BLADES WTGS80AD Blades 1 0 0
BLADE BEARINGS WTG80AE Blade Bearings 1 0 0
GENERAL BLADE BEARINGS WTG80AEA General Blade Bearings 1 0 0
LUBRICATION SYSTEM WTGS80AE Lubrication System 1 0 0
HUB COVER WTGS80AF Hub Cover 1 0 0
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“Rele ’
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80AG
Time 17.29 Reference Des
Date 21/01/2009 Description Sliprings
Environment GF, GU- Ground Fixed, Uncontrollec Failure R ate 0
Temperature 30 MTBF 0
Assembly Name Part Number Description Quantity | Failure Rate MTBF
SLIPRINGS WTG80AG Sliprings 1 0 0
EXTENDER WTGS80AN Extender 1 0 0
DRIVE TRAIN MODULE WTG80B Drive Train Module 1 0 0
MAIN SHAFT WTGB80BA Main Shaft 1 0 0
MAIN SHAFT WTGB80BAA Main Shaft 1 0 0
MAIN SHAFT BEARINGS WTG80BAAA Main Shaft Bearings 1 0 0
ROTOR-MAIN SHAFT CONNECTION WTG80BAAB Rotor-Main Shaft Connection 1 0 0
MAIN SHAFT GEARBOX COUPLING WTG80BAAC Main Shaft Gearbox Coupling 1 0 0
ROTOR LOCKING SYSTEM WTG80BAAD Rotor Locking System 1 0 0
GEARBOX ASSEMBLY WTGS80BB Gearbox Assembly 1 0 0
GEARBOX WTGS80BBA Gearbox 1 0 0
MECHANICAL BRAKE WTGS80BC Mechanical Brake 1 0 0
MECHANICAL BRAKE HYDRAULIC SUBSYSTEM WTG80BCA Mechanical Brake Hydraulic Subsystem 1 0 0
BRAKE CALLIPERS & SUPPORT WTGS80BCB Brake Callipers & Support 1 0 0
BRAKE DISC WTG80BCC Brake Disc 1 0 0
BRAKE PADS WTG80BCD Brake Pads 1 0 0
THERMISTOR WTGB80BCE Thermistor 1 0 0
DRIVE TRAIN SILENT BLOCKS WTG80BD Drive Train Silent Blocks 1 0 0
HIGH SPEED SHAFT TRANSMISSION WTGB80BE High Speed Shaft Transmission 1 0 0
COUPLING WTGS80BEA Coupling 1 0 0
HIGH SPEED SHAFT WTGS80BEB High Speed Shaft 1 0 0
GENERATOR SILENT BLOCKS WTGS80BF Generator Silent Blocks 1 0 0
NACELLE MODULE WTG80C Nacelle Module 1 0 0
YAW SYSTEM WTGS80CA Yaw System 1 0 0
YAW SENSORS WTG80CAA Yaw Sensors 1 0 0
YAW BRAKE HYDRAULIC SUBSYSTEM WTG80CAB Yaw Brake Hydraulic Subsystem 1 0 0




; Page # 3
Rele
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80CAC
Time 17.29 Reference Des
Date 21/01/2009 Description Yaw Gear Motor
Environment GF, GU- Ground Fixed, Uncontrollec Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF

YAW GEAR MOTOR
CLAW BRAKE
SLIDING ELEMENTS
CABLE UNWINDING SYSTEM
NACELLE VENTILATION SYSTEM
VENTILATION FLOODGATE
NACELLE HEATING SYSTEM
HEATING BLOWERS
NACELLE COVER
NACELLE COVER STRUCTURE
NACELLE COVER DOORS & SYSTEM
NACELLE GUTTER
NACELLE BEDPLATE
NACELLE BEDPLATE STRUCTURE
FLOORS
GANGWAYS AND LADDERS
NACELLE SENSORS
NACELLE AMBIENT TEMPERATURE SENSOR

STRUCTURAL MODULE

TOWER
FERRULE
SECTIONS
TOWER ACCESS SYSTEM
LEAKAGES COLLECTION SYSTEM
SWITCH BREAKER
TOWER PLATFORMS

WTGS80CAC
WTGS80CAD
WTGB80CAE
WTGS80CAF
WTG80CB
WTGB80CBA
WTGS80CC
WTGB80CCA
WTGS80CD
WTGB80CDA
WTGS80CDB
WTG80CDC
WTGS80CE
WTGS80CEA
WTGB80CEB
WTGS80CEC
WTGB80CF
WTGS80CFA
WTG80D
WTGS80DA
WTGB80DAA
WTGS80DAB
WTGS80DAC
WTGS80DAD
WTGB80DAE
WTGS80DAF

Yaw Gear Motor

Claw Brake

Sliding Elements

Cable Unwinding System
Nacelle Ventilation System
Ventilation Floodgate
Nacelle Heating System
Heating Blowers

Nacelle Cover

Nacelle Cover Structure
Nacelle Cover Doors & System
Nacelle Gutter

Nacelle Bedplate

Nacelle Bedplate Structure
Floors

Gangways and Ladders
Nacelle Sensors

Nacelle Ambient Temperature Sensor
Structural Module

Tower

Ferrule

Sections

Tower Access System
Leakages Collection System
Switch Breaker

Tower Platforms

P PR R RPRRPRRRPRRPRRPRRPRRPRPRRRPRRRPRPRPRRRPRRERERLERELPR
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“Rele ’
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80DAG
Time 17.29 Reference Des
Date 21/01/2009 Description Accelerometer
Environment GF, GU- Ground Fixed, Uncontrollec Failure R ate 0
Temperature 30 MTBF 0
Assembly Name Part Number Description Quantity | Failure Rate MTBF
ACCELEROMETER WTG80DAG Accelerometer 1 0 0
FOUNDATIONS WTG80DB Foundations 1 0 0
ADJUSTING LEG FOUNDATION WTGS80DBA Adjusting Leg Foundation 1 0 0
FOUNDATION-SECTION UNION ELEMENTS WTG80DBB Foundation-Section Union Elements 1 0 0
ANCHORAGE FLANGES WTG80DBC Anchorage Flanges 1 0 0
POWER MODULE WTGS80E Power Module 1 0 0
MV SWITCH GEAR WTGB80EA Mv Switch Gear 1 0 0
CABLE-RAISE CABINET WTG80EAA Cable-Raise Cabinet 1 0 0
FEEDER CABINET WTGB80EAB Feeder Cabinet 1 0 0
PROTECTION CABINET WTGS80EAC Protection Cabinet 1 0 0
GENERATOR ASSEMBLY WTG80EB Generator Assembly 1 0 0
GENERATOR WTG80EBA Generator 1 0 0
GENERATOR SENSORS WTG80EBB Generator Sensors 1 0 0
GENERATOR COOLING/HEATING SYSTEM WTG80EBC Generator Cooling/Heating System 1 0 0
SLIPRING COOLING/HEATING SYSTEM WTG80EBD Slipring Cooling/Heating System 1 0 0
GENERATOR LUBRICATION PUMP WTG80EBE Generator Lubrication Pump 1 0 0
MISCELLANEOUS WTGS80EBF Miscellaneous 1 0 0
FREQUENCY CONVERTER WTGS80EC Frequency Converter 1 0 0
CONVERTER PROTECTION AND ACTUATOR WTGS80ECA Converter Protection and Actuator 1 0 0
CONVERTER INTERNAL COOLING SYSTEM WTG80ECB Converter Internal Cooling System 1 0 0
BUS CONDENSER WTGB80ECC Bus Condenser 1 0 0
CHOPPER RESISTOR WTG80ECD Chopper Resistor 1 0 0
MACHINE INDUCTANCE WTG80ECE Machine Inductance 1 0 0
GRID INDUCTANCE WTGB80ECF Grid Inductance 1 0 0
SKIP MODULES WTG80ECG Skip Modules 1 0 0
PRECHARGE RESISTOR WTG80ECH Precharge Resistor 1 0 0
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Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTGS80ECI
Time 17.29 Reference Des
Date 21/01/2009 Description Heating Resistor
Environment GF, GU- Ground Fixed, Uncontrollec Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF
HEATING RESISTOR WTGBS8O0ECI Heating Resistor 1 0 0
CCU CARD WTGS80ECJ CCU Card 1 0 0
POWER EQUIPMENT WTG80ECK Power Equipment 1 0 0
CROWBAR WTGS80ECL Crowbar 1 0 0
CC1 WTG80ECM CC1 1 0 0
TRANSFORMER WTGS80ED Transformer 1 0 0
MV WINDING WTGS80EDA MV Winding 1 0 0
LV WINDING WTGS80EDB LV Winding 1 0 0
COOLING SYSTEM WTGS80EDC Cooling System 1 0 0
TRANSFORMER SENSORS WTGS80EDD Transformer Sensors 1 0 0
MISCELLANEOUS WTGB80EDE Miscellaneous 1 0 0
POWER FEEDER CABLES WTGS80EE Power Feeder Cables 1 0 0
MV CABLE WTGS80EEA Mv Cable 1 0 0
MAIN LV POWER CABLE WTGS80EEB Main LV Power Cable 1 0 0
MAIN AUXILIARY LV CABLE WTGS80EEC Main Auxiliary LV Cable 1 0 0
LV CABLE ACCESORIES WTGB80EED LV Cable Accesories 1 0 0
CONTROL & COMMUNICATION SYSTEM WTGS80F Control & Communication System 1 0 0
CONTROL SYSTEM WTGS80FA Control System 1 0 0
PLC MAIN MODULES WTG80FAA PLC Main Modules 1 0 0
PLC AUXILIARY MODULES WTGB80FAB PLC Auxiliary Modules 1 0 0
SOFTWARE WTGS80FAC Software 1 0 0
COMMUNICATION MODULES AND AUXILIARIES WTGS80FAD Communication Modules And Auxiliaries 1 0 0
COMMUNICATION CABLES WTG80FAD Communication Cables 1 0 0
PROTECTIONS WTGB80FAE Protections 1 0 0
HUMAN & OPERATIONAL SAFETY DEVICES WTG80FB Human & Operational Safety Devices 1 0 0
OVERSPEED RELAY WTGS80FBA Overspeed Relay 1 0 0
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“Rele ’
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80FBB
Time 17.29 Reference Des
Date 21/01/2009 Description Safety Chain Relay
Environment GF, GU- Ground Fixed, Uncontrollec Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF
SAFETY CHAIN RELAY WTGB80FBB Safety Chain Relay 1 0 0
SAFETY CHAIN WIRING WTGS80FBC Safety Chain Wiring 1 0 0
EMERGENCY SHAKE WTG80FBD Emergency Shake 1 0 0
EMERGENCY TWIST CABLES WTGB80FBE Emergency Twist Cables 1 0 0
BRAKE BATTERY SYSTEM WTG80FBF Brake Battery System 1 0 0
EMERGENCY BUTTONS WTG80FBG Emergency Buttons 1 0 0
SENSORS WTG80FC Sensors 1 0 0
CONTROL CABINET TEMPERATURE WTG80FCA Control Cabinet Temperature 1 0 0
CONDITION MONITORING SYSTEM WTG80G Condition Monitoring System 1 0 0
DATA LOGGER WTG80GA Data Logger 1 0 0
PROTOCOL ADAPTER CARD FOR DATA LOGGER WTG80GB Protocol Adapter Card for Data Logger 1 0 0
CONDITION SENSORS & CABLES WTG80GC Condition Sensors & Cables 1 0 0
AUXILIARY EQUIPMENT WTG80H Auxiliary Equipment 1 0 0
TOP WTG80HA Top 1 0 0
MAIN 690 V FEEDERS BREAKERS WTG80HAA Main 690 V Feeders Breakers 1 0 0
STATOR AND ROTOR CONTACTORS WTG80HAB Stator and Rotor Contactors 1 0 0
AUXILIARY DISCONNECTORS WTGS80HAC Auxiliary Disconnectors 1 0 0
DELTA/WYE CONTACTORS WTG80HAD Delta/Wye Contactors 1 0 0
PROTECTION DEVICES AUXILIARY LOADS AND WTG80HAE Protection Devices Auxiliary Loads and Services 1 0 0
SERVICES 690 V 690 V
CONTACTORS AUXILIARY LOADS & SERVICES 690VWTG80HAF Contactors Auxiliary Loads & Services 690V 1 0 0
PROTECTION DEVICES AUXILIARY LOADS & WTG80HAG Protection Devices Auxiliary Loads & Services 230 1 0 0
SERVICES 230V
22 V POWER SUPPLIES WTG80HAH 22 V Power Supplies 1 0 0
PROTECTION RELAYS WTGB80HAI Protection Relays 1 0 0
CURRENT TRANSFORMERS WTG80HAJ Current Transformers 1 0 0




Page # 7
“Rele ’
Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80HAK
Time 17.29 Reference Des
Date 21/01/2009 Description
Environment GF, GU- Ground Fixed, Uncontrollec Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF
AUXILIARY POWER TRANSFORMERS WTG80HAK Auxiliary Power Transformers 1 0 0
CABINET COOLING & HEATING WTG80HAL Cabinet Cooling & Heating 1 0 0
LV SURGE PROTECTION WTG80HAM LV Surge Protection 1 0 0
AUXILIARY DEVICES WTG80HAN Auxiliary Devices 1 0 0
INTERNAL GROUNDING WTG80HAO Internal Grounding 1 0 0
CABINET STRUCTURE & FIXINGS & ANCHORING | WTG80HAP Cabinet Structure & Fixings & Anchoring 1 0 0
GROUND WTG80HB Ground 1 0 0
MAIN 690 V FEEDERS WTG80HBA Main 690 V Feeders 1 0 0
PROTECTION DEVICES AUXILIARY LOADS AND WTG80HBB Protection Devices Auxiliary Loads and Services 1 0 0
SERVICES 690 V 690 V
PROTECTION DEVICES AUXILIARY LOADS & WTG80HBC Protection Devices Auxiliary Loads & Services 230V 1 0 0
SERVICES 230V
22 V POWER SUPPLIES WTG80HBD 22 V Power Supplies 1 0 0
UPS WTG80HBE UPS 1 0 0
AUXILIARY POWER TRANSFORMERS WTG80HBF Auxiliary Power Transformers 1 0 0
CABINET COOLING & HEATING WTG80HBG Cabinet Cooling & Heating 1 0 0
LV SURGE PROTECTION WTG80HBH LV Surge Protection 1 0 0
AUXILIARY DEVICES WTG80HBI Auxiliary Devices 1 0 0
INTERNAL GROUNDING WTG80HBJ Internal Grounding 1 0 0
CABINET STRUCTURE & FIXINGS & ANCHORING | WTG80HBK Cabinet Structure & Fixings & Anchoring 1 0 0
HUB CABINET WTGB80HC Hub Cabinet 1 0 0
MAIN NON CRITICAL 230 V FEEDER BREAKER WTG80HCA Main non Critical 230 V Feeder Breaker 1 0 0
MAIN CRITICAL 230 V FEEDER BREAKER WTG80HCB Main Critical 230 V Feeder Breaker 1 0 0
PROTECTION DEVICES AUXILIARY LOADS AND WTG80HCC Protection Devices Auxiliary Loads and Services 1 0 0
SERVICES 230V 230V
22 V POWER SUPPLIES WTG80HCD 22 V Power Supplies 1 0 0
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Reliability Prediction Report - System :WTG R80
File Name WTG.rfp Part Number WTG80HCE
Time 17.29 Reference Des
Date 21/01/2009 Description Cabinet Cooling & Heating
Environment GF, GU- Ground Fixed, Uncontrollec Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number Description Quantity | Failure Rate MTBF
CABINET COOLING & HEATING WTG80HCE Cabinet Cooling & Heating 1 0 0
LV SURGE PROTECTION WTG80HCF LV Surge Protection 1 0 0
AUXILIARY DEVICES WTG80HCG Auxiliary Devices 1 0 0
INTERNAL GROUNDING WTG80HCH Internal Grounding 1 0 0
PANEL STRUCTURE & FIXINGS & ANCHORING WTGS8O0HCI Panel Structure & Fixings & Anchoring 1 0 0
UPS CABINET WTGB80HD UPS Cabinet 1 0 0
ELECTRICAL PROTECTION & SAFETY DEVICES WTG80HE Electrical Protection & Safety Devices 1 0 0
688 V FUSES WTG80HEA 688 V Fuses 1 0 0
GROUND FAULT PROTECTION WTG80HEB Ground Fault Protection 1 0 0
MV SURGE PROTECTION WTGB80HEC Mv Surge Protection 1 0 0
SAFETY INTERLOCKINGS WTG80HED Safety Interlockings 1 0 0
HYDRAULIC SYSTEM WTG80HF Hydraulic System 1 0 0
SENSORS WTG80HFA Sensors 1 0 0
HYDRAULIC CIRCUIT WTG80HFB Hydraulic Circuit 1 0 0
COOLING SYSTEM WTG80HG Cooling System 1 0 0
HIGH TEMPERATURE KIT WTG80HGA High Temperature Kit 1 0 0
HIGH TEMPERATURE KIT CABINET WTG80HGB High Temperature Kit Cabinet 1 0 0
LOW TEMPERATURE KIT WTG80HGC Low Temperature Kit 1 0 0
LOW TEMPERATURE KIT CABINET WTG80HGD Low Temperature Kit Cabinet 1 0 0
LIGHTNING PROTECTION SYSTEM WTG80HH Lightning Protection System 1 0 0
BLADE-HUB LIGHTNING ARRESTER WTG80HHA Blade-Hub Lightning Arrester 1 0 0
YAW LIGHTNING PROTECTION DEVICES WTG80HHB Yaw Lightning Protection Devices 1 0 0
GROUNDING WTGS80HI Grounding 1 0 0
UNDERGROUND GROUNDING SYSTEM WTGS80HIA Underground Grounding System 1 0 0
TOWER DOWN GROUNDING CABLE WTG80HIB Tower Down Grounding Cable 1 0 0
DEVICES GROUNDING PIGTAILS WTGS80HIC Devices Grounding Pigtails 1 0 0
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Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80HID
Time 17.29 Reference Des
Date 21/01/2009 Description
Environment GF, GU- Ground Fixed, Uncontrolled Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number \ Description Quantity | Failure Rate MTBF

GROUNDING CABLE CONNECTIONS

GROUNDING COLLECTOR IN NACELLE CT

SERVICE CRANE
STRUCTURE
CRANE MOTOR
CRANE HOIST
CHAIN BAG
BUTTON CONTROL PANEL
BEACON
LIFT
LIFELINE
LIGHTNING AND POWER POINTS
NACELLE LIGHT DEVICES
TOWER LIGHT DEVICES
SUPPORTS
WIND TURBINE POWER PLUGS
ELECTRICAL AUXILIARY CABLING
LV POWER & CONTROL CABLES
INSTRUMENTATION CABLE
LIGHTING AND POWER PLUGS CABLE
WTG METEOROLOGICAL STATION
ICE SENSOR
SONIC
ANEMOMETER
VANE METER
AUXILIARY BOXES FOR WIND SENSORS

WTGS80HID
WTGS8O0HIE
WTG80HJ
WTGS80HJA
WTG80HJIB
WTG80HJC
WTG80HJID
WTG80HJE
WTG80HK
WTG80HL
WTG80HM
WTGS80HN
WTG80HNA
WTGS80HNB
WTG80HNC
WTGS80HND
WTG80HO
WTG80HOA
WTG80HOB
WTG80HOC
WTG80HP
WTG80HPA
WTG80HPB
WTG80HPC
WTG80HPD
WTG80HPE

Grounding Cable Connections
Grounding Collector in Nacelle CT
Service Crane

Structure

Crane Motor

Crane Hoist

Chain Bag

Button Control Panel

Beacon

Lift

Lifeline

Lightning and Power Points
Nacelle Light Devices

Tower Light Devices

Supports

Wind Turbine Power Plugs
Electrical Auxiliary Cabling

LV Power & Control Cables
Instrumentation Cable

Lighting and Power Plugs Cable
WTG Meteorological Station

Ice Sensor

Sonic

Anemometer

Vane Meter

Auxiliary Boxes For Wind Sensors

P PR R RPRRPRRRPRRPRRPRRPRRPRPRRRPRRRPRPRPRRRPRRERERLERELPR
lelcNoNoNoNoNoNoNolNolNoNolNolNolNololNeolNeolNolNolNolNolleolNeoNeolNe

O OO O 0000000000000 O0O0O0OO0OO0OO0OOoO oo
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Reliability Prediction Report - System : WTG R8(
File Name WTG.rfp Part Number WTG80HPF
Time 17.29 Reference Des
Date 21/01/2009 Description Protections
Environment GF, GU- Ground Fixed, Uncontrolled Failure Rate 0
Temperature 30 MTBF 0
Assembly Name Part Number Description Quantity | Failure Rate MTBF
PROTECTIONS WTGB80HPF Protections 1 0 0
EXTERNAL AMBIENT TEMPERATURE SENSOR WTG80HPG External Ambient Temperature Sensor 1 0 0
FIREFIGHTING SYSTEM WTG80HQ Firefighting System 1 0 0
FIRE DETECTION SYSTEM WTG80HQA Fire Detection System 1 0 0
FIRE EXTINGUISHER SYSTEM WTG80HQB Fire Extinguisher System 1 0 0
FIRE PROTECTION SYSTEM WTG80HQC Fire Protection System 1 0 0
WIND FARM WTGS8O0I Wind Farm 1 0 0
COMMON FACILITIES WTGS8O0IA Common Facilities 1 0 0
EVACUATION LINE WTGBS80IAA Evacuation Line 1 0 0
WEATHER STATION WTGS8O0IAB Weather Station 1 0 0
SUBSTATION SYSTEM WTGBS80IAC Substation System 1 0 0
CIVIL INFRASTRUCTURE WTGBS80IAD Civil Infrastructure 1 0 0
WAREHOUSE WTGS80IAE Warehouse 1 0 0
WIND FARM SYSTEM WTGS80IB Wind Farm System 1 0 0
COMMUNICATIONS SYSTEM WTGS80IBA Communications System 1 0 0
DEVICE CONTROL LOGICS WTG80I1BB Device Control Logics 1 0 0
PC WTGS80IBC PC 1 0 0
UPS WTG80IBD UPS 1 0 0
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Appendix B - WTG Reliability Block Diagram
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File Name: WTG.rfp

Relia

Reliawind WP D.2.0.3

e cliaWind
W’}d WTG Reliability Model Specifications

December 21, 2008

RBD
Diagram

WTG80 Reliability Block Diagr:

e
Start
Rotor Module
— PN: WTG80
Qty: 1
Drive Train Modult
PN: WTG80
Qty; 1 f——1
Nacelle Module
PN: WTG80
Qty: 1
Structural Moduk
PN: WTG80
Qty: 1
Power Module
PN: WTGS8C
Q[y: 1 ==
Control & Communication Syste
PN: WTG8C
Qty: 1 7
Condition Monitoring Syster
PN: WTG80
Qty: 1
End
1:1
Page #: 1 Print Date: 03/01/2009
Print Time: 18.58
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RBD

Calculation Results

File Name: — WTG.rfp WTG Reliability Model Specifications December 21, 2008 Results at Time (hrs). 8760
RBD Name: RBDI] Reliability: 0,999872
Calc Method: Analytical Availability: 1,000000
MTBF (hrs):  68.342.793 No. of Failures: 0,00
MTTF (hrs):  68.342.793 Total Downtime: 0,00
Failure Number Total
Reliability Unreliability Availability Unavailability Rate of Failures Downtime

0 1,000000 0,000000 1,000000 0,000000 0,014632 0,000000 0,000000

730 0,999989 0,000011 1,000000 0,000000 0,014632 0,000011 0,000000

1460 0,999979 0,000021 1,000000 0,000000 0,014632 0,000021 0,000000

2190 0,999968 0,000032 1,000000 0,000000 0,014632 0,000032 0,000000

2920 0,999957 0,000043 1,000000 0,000000 0,014632 0,000043 0,000000

3650 0,999947 0,000053 1,000000 0,000000 0,014632 0,000053 0,000000

4380 0,999936 0,000064 1,000000 0,000000 0,014632 0,000064 0,000000

5110 0,999925 0,000075 1,000000 0,000000 0,014632 0,000075 0,000000

5840 0,999915 0,000085 1,000000 0,000000 0,014632 0,000085 0,000000

6570 0,999904 0,000096 1,000000 0,000000 0,014632 0,000096 0,000000

7300 0,999893 0,000107 1,000000 0,000000 0,014632 0,000107 0,000000

8030 0,999883 0,000117 1,000000 0,000000 0,014632 0,000117 0,000000

8760 0,999872 0,000128 1,000000 0,000000 0,014632 0,000128 0,000000

Page #: 1 Print Date: 03/01/2009

Print Time: 18.47
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Appendix C - Example of WTG FMECA Template



- Re’ey RELIAWINDFMECA Workshe Page : 1 ofl

System Name :  R100 Wind Turbine

Item Item Name Failure Failure Local Failure End Effect Item Failure Mode Failure Severity RENETS
Mode No. Mode Effect Failure Rate Mode Ratio (%)  Rate (FIT) Classification
WTG80GA001 Resistor Film Mode10 Shorted
Mode9| Cracked/Fractured 12,0
Mode8 Contamination 15,0
Mode7| Drift 30,0

Mode6| Opened 38,0




