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Design for reliability - a FMEA study

e Develop reliability models for Reliability analyses at

modes

Specific objectives of the Study

Review and harmonize failure data-from manufacturers
and suppliers
Harmonize equipment failure rates and failure modes;

system, subsystem and components level; §?
Perfor ailure Modes, Effects Analysis in order to -4
identify,@Valuate and document component failures

and potential impact on the system and finally to eIummate
or mitigate unacceptable effects;

Identify, design and develop p055|ble fault tolerance
mechanisms, such as redundancy or back-up systems to u
ensure that fallure propaglon is contained at component  *
level with no impact on the operational turbine avallablllt@

Prowde»f&;ablllty and malntalnablllgl metrics for
maintenance optimization.
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Design for reliability - a FMEA study

The Design for Reliability Approach

Define System Hierarchy and Parts for each Assembly

e Create a Reliability Model at System, Subsystem and

Component level

Perform a System Reliability Prediction -+
Perform stem Availability Analysis using Functional a

Relia lock Diagrams =
Perform a FMECA (Failure Mode Effects and Criticality
Analysis)

Report the overall Wind Turbine Reliability Characterlstlcs in

a harmonised form = ,_
Propose new system Desig’GuideIines and
recommendations to |mpr©ve the overall reliability and

avallab@‘t‘m : -
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Design for reliability - a FMEA study

General Structure for a 2MW Wind Turbine

B Blade

B Blade bearing

B} Hydraulic pitch actuator

O Hub cover

B Hub

3 Active yaw control

E Tower

[ Main shaft with two
bearing houses

B Shock absorbers

[ Gearbox

Main disc brake

P Nacelle support frame

Transmission:
High speed shaft

EZ Doubly fed generator

[ Transformer

[ Anemometer and wind
vane

B Top controller
— [ Nacelle cover

[ Hydraulic unit
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Design for reliability - a FMEA study

WTG Sub-System Reliability Model integration

A Relex - [RBO_R100 RPERBD FMECA, System: WTG R8O Per Grafici]
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g Jyskem Tree
g |Fer =@ =8 =8 =8
z Name Part Nurnbey Description System Tree Identifier
= =] B WTa WIND TUREIME WTa System
% Bﬂ ROTOR MODLULE ROTOR MODULE Rokor Madule System263
[]E PITICH SYSTEM (HYDRALULIC) PITCH SYSTEM HYDRALLIC PITCH S¥YSTEM Systemlasd
= Hub HUB Hub System 1672 l
[]B BELADES BELADES Elades Systemz&3
=l Extender WTGE0AD Extender System16an
[]E sliprings SLIPRIMGS sliprings Systeml693
IZ—]H DRIVE TRAIM MODLLE WTGEE0E Drive Train Module Systemzon
H Main shaft system MAIN SHAFT Main shaft system SystemlGeS |
B GEAREOX ASSEMEBLY GEARBOX ASSEMEBLY Gearbox Assembly Systemz9?
EHE Macelle Module MNACELLE MODLILE Harele Moduls Systemi76n I
E}E Yaw WTGS0CA Vaw Systeml7e? |
EJD MNacelle cover WTES0CD Macele cover SystemlGzz |
F {2 Nacelle Body Structure WTGSICE Macelle Body Structure SystemiGds |
#l Nacelle sensors WTGECTF Macelle sensors System1G62 |
Elﬁ Structural Module STRUCTURAL MODLLE Structural Module Systeml620 |
B Foundation WTES0DA, Foundation Systeml6z1 |
B Tower 'WTGS0DE Tower System1634 |
E]@ POWER MODULE POWER MODULE Power Madule Syskern345
@ Asynchronous generator ‘WTGS0ER Doubly-fed asynchronous generator System1951
E 2Mw doubly-fed converter WTGES0EC 2w doubly-fed converter Systemlo2d
EIH COMTROL & COMMUNICATION SVSTEM COMMECONTROL Control & Communication System Systeml43s
[]E COMNTROL SYSTEM WTGS0FA Group of control & communication modules which manages the nar. .. | System1438
DB HUMAM & OPERATIOMAL SAFETY DEVICES WTGS0FE Devices which are only involved with the emergency safety stop, ... [System1471
E}E INSTRUMENTATION WTGS0FC Instrumentation elements monitoring this assembly. Systemlas2
[]B COMDITION MOMITORIMG S¥STEM CONDITION MORITORING Condition Monitoring System Systeml39e
[]E AURILIARY EQUIPMENT AUXILIARY EQUIPMENT Auliary Equiprment SystemE4l
Bl WiIND FARM SYSTEM WIND FARM SYSTEM WIND FARM SYSTEM System 1401
H{ scada Server System - server #1 WTGE0IEA Scada Server System - server #1 System1402
E}E SCADA Data Base Server —server #2 'WTGS0IEE SCADE Data Base Server — server #2 Systemldll
EJH SCADA Server Rack — WF infrastructure communication WTGES0IEC SCADA Server Rack — WF infrastruckure communication Systeml4z0
# {2l SCADA Server Rack —WF external communication 'WTGS0IED SCADA Server Rack — WF external communication Systemi422
) SCADA Server Rack WTGE0IBE SCADA Server Rack Systemi4rd
E}E SCADA Server LIPS 'WTGE0IBF SCADE Server UPS System1431
< i | 3
i ; ﬁ System Tree L @ Configuration Table able - System Tree ree Table
mBatsalatle
Fier M 5 & El= == E 0 1= El= = |
Y ‘ Marne: |Part Murnber |Part Classifica. ., |Categary |Subcategory |Fa\|ure Rate... |Fa\|ure Rate, Percentage
< : Iml I I I I I )‘I
(a Parts Table
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Design for reliability - a FMEA study

Predicted failure rates and availabilities for the R80 system

Failure
Name Rate % Availability%o
Wind Turbine Generator 100 93,96

W
Rotor Module 26,51 95,31 p - | gl
Power %e 15,25 99,29 -
Nacelle Module 9,24 99,92

Control & Communication System 4,36 99,94
Structural Module 3,85 99,72
Drive Train Module 3,45 99,90
Wind Farm System + 1,66 99,9964 "—
Condition Monitoring System " 0,23 99,9996
 » All auxiliary Equipments 35,44 99,74 :5
.;. (S8 ) &
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Design for reliability - a FMEA study

Top Failure Rates for the WTG and main subsystems
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Design for reliability - a FMEA study

Reliability Block Diagram

AW

________________________________________________________________________________________

WIND FARM SvaTIA
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Design for reliability - a FMEA study

e Construct Functional Block Diagrams. 2
e Associat ch function to components.
e |denti otential item and interface failure modes =

FMECA Procedure

Complete definition of WTG Syster}\_;t all indenture level
including identification of internal and external interface
functions, expected performance and failure definitions

including their effects.

Evaluate each failure mode in terms of local, next and end
effects v§/|th associated Severity Classification.

|dentify corrective action reqwred to eliminate the fallure o’
reduce the risk. = ! I
Identlfy failure detection Jthods and possible é
compem?,ng provisions for each fa*Lure mode. L

-
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Design for reliability - a FMEA study

Failure Modes Severity Classification

Category

Description Definition
A failure Mode which causes Death,
CATASTROPHIC | WTG loss or severe environmental
damage
A failure Mode which causes Severe
CRITICAL Il injury, severe occupational illness,
major WTG or environmental damage
A failure Mode which causes minor
injury, occupational iliness, minor WTG
MARGINAL i and environmental damage, or mission
degradation
Less than minor injury, occupational
MINOR IV illness, or less than minor WTG or

environmental damage

ik
"

. lh{ ‘s“

i)

™

.
EC Contract number 212 966 - FP7-ENERGY-2007-1-RTD



Design for reliability - a FMEA study

Relex Architect

@ Preview  Wiew

Joefiaen) 12aEina g

R100 FMECA, Report QOutput, Report: *Example of FMECA Repor

Window  Help

WTG FMECA Worksheet

Data Source Fils

R100 RotorModule Gamesa']

Rel

Relex Italia Srl

System Name :

HP=-104

HPE-105

HP=-106

HP=E-107

T HE0L8AC

R100 ¥Wind Turbine

term Hame

RELIEF “&LWE

LiOZIC ELEMENT

TEMPERATIURE SERZOR

ORIFICE @ 225 mm

BUFFER CYLINDER

HYDRAULIC CYLINDERS
PROTECTIONS

Failure
o

hoce6ds

Mocletdd

Mocetd 3

MocdeT33

Mode7T32

Mocetd?

Mocetdt

Moce6Es

Mode7T 35

Mode7Ta3

Mode7T54

RELTIAWIND - FMECA Worksheet

Failure

LEAKING

PREMATURE
OPERM

STUCK
CLOSED

STUCK
CLOSED
STUCK OPEM
WWRORG
SIGRAL

MO SIGHMAL

BLOCKED

BLOCHKED

Mo effect

Lo=s of
protection

Local Failure
Effect

Increaze pumping
time

Increase pumping
time

Pressure increase
Impozsible to move

the coylincder

Impossible to move
the coylincder

VYrong
measurement

Loz= of signal
Speed decreazes
during emergency
Mo high speed
during the
beginning of
Emergency

ko effect

Impossible to
protect elements

End Effect

Ditferert loacds on the
blaces

Differert loads on the
hlades

Loss of functionality

Mo control of blade
position.

Mo contral of blade
position.

Differert loads on the
hlaces

Differert loads on the
hlades

Ditferert loacds on the
blaces

Mo contral of blade
position.

Mo effect

Impossible to protect
clemernts

bemn
Failure Rate

2,5

a0

&0,0
15,0
50,0
50,0

45,0

520

1000

1000

50,0

50,0
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Il - Critical

Il - Critical

Il - Marginasl

Il - Critical

Il - Critical

Il - Critical

Il - Critical

Il - Critical

Il - Critical

I% - Minor

Il - Marginasl
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Design for reliability - a FMEA study

FMECA Results - WTG Criticality Matrix

Poce

v 1]
Minor Marginal

Severity Classification

o—

Il I
Critical Catastrophic




Design for reliability - a FMEA study
FMECA Results - WTG Criticality Matrix cnt.

-

e There are two Extremely Unlikely Catastrophic Failures Modes (Level E)
which are due to a failure of the Nacelle Body Structure causing the Yaw
brake to be unsupported and the Rear Bearing to be locked in the Hub;

e \Within the

ical Failure Modes, the 14 Occasional Occurring (Level C)
failures ciated with 13 failures that can induce the WTG to stop
working and one failure that can have a possible adverse effect on safety =

and p055|b e WTG collapse due to a loss of over-speed protection. The

Critical Reasonably Probable (Level B) failure Mode is associated with a

complete fallure of the Converter, ie Converter inoperable.

e The remaining Marginal (27) and Mifor (10) failure modes are mainly in "'
- the Low and Medium Risk areas bemg racterized by very low severity '
'r' and probablllty of occurrence ¥

gy '
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