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Wind Energy Industry Trends
P EEAT MV & R #a

- Larger Wind Turbines & Larger Wind Farms K74y,

— Even larger for off-shore applications i [ X\,
— More direct drive and permanent magnet generators F 9% & 7k i % H,
PLEE
— Medium Voltage Inverter Technology ' %487 7%
- Moving from Product Diff. to Solution diff. including services
across the whole Supply Chain M7= & 2 ik 5%

— More valuable to protect& service, Condition Monitoring R A & i
M 24E 15

* Highg 3t 2 2 f i ation H,
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Why Reliability is so important?
ﬁﬁ/Tﬁﬁm%ag?

- Wind turbine reliability is still a problem, especially for
offshore installations, says Jessica Holierhoek of the
Energy research Centre of the Netherlands (ECN) recently
In a wind energy forum.

Component Onshore failure Reduced failure
frequency frequency
(failures/year) (failures/vear)
Shaft & Bearings 0.02 0.02
Brake 0.05 0.05
Generator 0.05 0.05
Parking Brake 0.05 0.05
Electric 0.14 0.10
Blade 0.16 0.11
Yaw System 0.23 0.15
Blade tips 0.28 0.14
Pitch Mechanism 0.28 0.14
Gearbox 0.30 0.15
Inverter 0.32 0.16
Control 0.34 0.17
Total 2.20 1.28

Table 1 Estimated yearly averaged failure rates per component category




Why Reliability for Wind Turbine Electrical& Control?
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Fig. 2 Yearly (cumulative) failure frequencies of the concepts anticipated in the study

Electrical and control system failures account for the highest percentage
of failures. For the year, failures of electrical and controls systems
accounted for exactly 50% of the need for wind turbine repairs. Potting
of electronic printed circuit boards and reduction in the number of
components are necessary for offshore conditions.



Wind Turbine Electrical& Control Solution
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A-B platform by Rockwell Automation: Quality

A-B Quality: Bm]EEM: ) Tk

A8 i

Logix

This is the latest list of

2. MTBF numbers are in hours.

aporoved Ly sid asdeg C
140CPU42401

MTBF List
Catalog Number MTBF (Hours)
1756L1M1/A 2,064, 747
1756L1M3/A 1,999, 574
17561V32/A 3, 685, 760
17561B32/A 2,122, 885
17561F8/A 2,463,018
17561H161/A 2, 816, 320
1756IM161/A 7,614, 880
17560A161/A 6, 045, 520
17560B16E/A 4, 026, 880
17560B8/A 4,517,760
17560F4/A 4,195, 776
1756PA72/B 3, 543, 423
1756PA75/A 3,902, 080
1756A7/B 14, 202, 240
1756A10/B 10, 340, 374
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A-B platform by Rockwell Automation: Quality

A-B Quality: &a]SEME A T35 &

Rockwell
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Visit Rookwell Automation
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‘ The ship automation system are composed of commercial off-the-shelf
(COTS) hardware and software. The hardware is based on Rockwell
Automation's Logix family and PowerFlex Family ’



MV Converter for Large Wind Turbines (on-going)

]

Qﬁ%ﬁ?ﬁiﬂmﬂﬁlﬂ‘&

Gear

Doubly-fed
Induction Generator

DC
oc L AC

Ex

Mgl 0 L TN L‘L‘ } J( Jl _ Grid
g [ + [
'( A O= Geal }
400MCM, 8C/Phase
eight Ral -

700MCM, 1C/phase

« LV Converter Technology

ample: 5 0-MW Turbine Rating, North American Voltages

Grid

The PowerFiex 7000 medium voltage drive uses the patented PowerCage™
with SGCT techno{ogy| for easy installation and maintenance.

Full Rated MV Converter Technology

eIl

=or>5MW : MV Is attractive

Number of conductors, connections and fewer components (SGCTs)
will lower total installed costs, reduce maintenance time and increase
converter reliability as Wind Turbines continue to get larger
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Rellablllty& Availability
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Rellablllty& Availability
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Importance of Reliability& Availability for Offshore

Wind Turbines
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CMS become more& more important
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Fig. 1: Defects and damages of wind turbine components [Data base GL]

This inspection data base shows that about 26% of all defects and
damages result from the gearbox (especially bearings and toothing),
about 17% from the generator (especially bearings) and about 13% from
the drive train (e.g. main bearing, coupling). These results are
comparable to damage statistics of insurance companies or institutes.
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CMS Overview by Rockwell Automation

Ethernet to computer
In local control room.
Computer manages and
displays data from all
turbines in wind farm.
Transfers data files to
Emonitor

CompactLogix manages M module analyzes
monitoring system, wibration data with

collects and transfers data,

generates alarms

spectrums and band alarms

Speed senscar

¥M module and

DeviceMNet controls
refrieves all data

Accelerometers wired

10 CompactLogix
relay modules for

multinlexing to Xh-121
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Safety is so important! :
rIE A Fail Jafe

Safety basics came from IEC61400 or GL Guidelines for Certification of
Wind Turbines Edition 2003

“The safety system shall have access to at least two mutually and totally
independent braking systems” (Para 2.2.3.1.2). “By independence is meant
that faults with a common cause shall rigorously be avoided in the system
engineering design stage. Accordingly, the failure of a single component
shall not result in the failure of more than one braking system and thus the
loss of the entire safety function” (note to Para. 2.2.3.1.2). Each one of these
braking systems shall fulfill the principal detailed in Para. 2.2.3.1.1. “whereby
the failure of a single component which is relevant for the functioning of that
independent safety system shall not lead to the failure of the safety system.”
Burton, etal [10] explain how the independent braking system rule has been
applied to turbines that depend solely on aerodynamic braking from
individual blade pitching. “Provided the individual pitch actuators can be
made independently fail - safe and as long as the aerodynamic braking
torque is always sufficient to slow the rotor down to a safe speed even if one
pitch actuator has failed at the working pitch angle, then multiple actuators
may be considered to be independent braking systems for this purpose.”
Another way this is commonly expressed is “any single failure in the sensing

Av AntinrAatiAan mAari~a AF HhhA AAanEraAl AviAtArA AR At lAAA +A A MAAIRITRARFI AN t\f the

A better way is still under development by joint-work of wind turbine
makers& control vendors, syncing with related safety IEC standard.

cvietoame i ie imnartant 1 canarata tho cafathyvy aaracdvinamice hrabktinAa fiinctinn . 15



Fundamental Process of
Functional Safety Development

[ Machine Characteristics/Limits J

Task / Hazard Identification | ©n the firstpass, assume
no safeguards are in place

Risk Estimation

Risk
Tolerable

Risk Reduction

16

Copyright © 2007 Rockwell Automation, Inc. All rights reserved. 16



Functional Safety Standard 1SO13849-1
K& EfE Risk Assessment

S = Severity Performance Requirement to
F = Frequency or Duration of Level (L) Risk Reduction

Exposure

P = Avoidance Probability P1 H Low
F1
P2
S1
F2
P2
° ]
F1
P2
S2
P1
F2
P2 E
High

Must be determined for each safety
fitnection| 17




Functional Safety Standard IEC 61508 /EN0954
K EfG Risk Assessment

# H: TUV Product Service yEnive 2
P3 P2 P1 .
D1 11 0 0 B B %ﬂ_%ﬁg -
NE 31 DIN V 19250 IEC 61508 EN 954-1
Risk class Requirement i Category of
class RC < Level SIL > Control
D2 ] E ~ :
— | fe—— 2 — — 1
fe— 3 — 2
f— 4 3
Il > 4
. D3 F— 6
? :j
D4 8
- 4 4 4. |\
— B TR T
IEC DIN VDE-19250 (AK) Fundamental safety aspects for measurement and control equipment

EN-954 (Category) Safety of machinery - Safety related parts of control systems

W HET

IEC 61508 (SIL) Functional safety of programmable electronic systems (PES)

18



Relationship between PL and SIL

Performance Average probability of a Safety
level (PL) dangerous failure per hour Integrity
[1/h] Level (SIL)
a >10°to < 10* No special
safety
requirements
b >3 x10°%to < 10° 1
C > 10°to <3 x10° 1
d >107to < 10° 2
e >108to < 10”7 3

19



Functional Safety Standard Update
224 I [ B A v B BT

* Functional Safety is part of overall safety that depends on a system’s
or equipment’s ability to operate correctly in response to its inputs. It
marks a transition from a qualitative approach of applying safety to a
probablllstlc approach of applylng safety.

I (S h

) - W e i | EN IEC 61508

Generic . ‘
4 )

PL

“Machinery” EIZ\IOIGE]_C EN ISO
\13849_1:2006 )

"Process’ EN IEC 61511

\_ J

SIL = Safety Integrity Level PL = Performance

After 2010, ISO 13849-1 will become mandatory & effective for all

equment (new and contlnumg constructlon) being approved for CE



IEC EN 62061 / 1SO 13849-1:2006
(Machinery Sector HLas ¥ £52H)

IEC 62061

. Relatively complex methodology

. More flexibility

. Less constraints

. Simplified modularity via subsystems
. Only applies to electrical technology

Are there complex safety functions

e.g. depending on logic decisions?

or

Will the system require complex or programmable
electronics to a high level of integrity?

If the answer to either question is YES
it is probably most appropriate to use

IEC 62061

21

ISO 13849-1: 2006 >

. Simple methodol g!/‘eferred

. Builds on Categories

. More constraints

. System based

. Applies to all technologies; i.e.
. Electrical
. Mechanical

. Pneumatic
. Hydraulic

Can the system be designed simply using the
designated architectures at figures 7.7 to 7.11
or

Will the system include technologies other than
electrical?

If the answer to either question is YES
it is probably most appropriate to use

ISO 13849-1: 2006

21



The requirement of Safety System v.s PL

yé?\é}ﬁgjz v.s FHMY B’Jﬁé%ﬁ

Performance Level consist of three main parts:
1. Fallure rate — Mean Time To Failure (dangerous) MTTF,
*  Three levels —

— Low =310 10 years
— Med =30 to 30 years

— High = 30 to 100 years Category
2. Diagnostic Coverage — DC,q : Bl. 23(’)4(1)
*  Four levels - 0000
— None <60% _I__:: ° : 8
— Low =>60% to <90% :: -
— Med =>90% to <99%
— High =>99%

3. Category — CAT B through CAT 4

22



The requirement of Safety System v.s PL

ﬁé?\%g* V.s FH MY H’Jzté%ﬁ

Performance level

To choose the most suitable combination of Structure (Category),
Reliability (MTTFd) and Diagnostics (DC)

= [
b
Cc
d
e
Designated Designated Designated Designated Designated Designated Designated
architecture architecture architecture architecture architecture architecture architecture
CatB Cat1 Cat 2 Cat 2 Cat3 Cat3 Cat4
<60% <60% |60%t0<90% 90%1t0<99%|60%t0<90%|90%t0<99% 99%
Key MTTF 4 of each channel = from 3 years to <10 years

MTTF 4 of each channel = from 10 years to <30 years

_ MTTF 4 of each channel = from 30 years to =100 years

23



Types of Cats (structure) Overview

4 2K Cat &4&m

iz gib]y

Cat Cat 2
B/l
Ihputdevike —m Logic —» Quput device | || Input device —» Logic —» Ouput device
x -
E roentaring ! E
\ 4
_ Test
Testequiprment ——M  equiprment
autput
rmenitaring renitaring
. - [ ==ssSaos > - ; . [ J—— B .
Inputdevice +——m Logic Quput device Ihput device +—m Logic Quput device
'.‘c ross ‘.‘c ross
| anitaring | anitaring
rohitoring rohitoring
: - (€= > - ; : | > :
hputdeviel—p  Logic Ouput device Ihputdevike +—p  Logic Ouput device
— —
Cat 3 Cat 4
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What RA can help on wind turbine, complying with
ISO 13849-1:2006 X\l =4, TATITHBL?

» TUV Certified Safety Expert work together with wind turbine
makers to make risk assessment and safety system
— In-process partnering with 3 leading wind turbine makers in Europe,
Japan and US
* Plus SISTEMA, software tools, on safety system

developmentp—=i==i==
 From TOV W

Software:

TUV Recommends the open source (Free as in Free
Beer) Software published by the German
Occupational Safety Agency BGIA, called Sistema. It
may be downloaded here:

— . frwasi : .

(Google: BGIA Sistema, look for the link titled BEGIA Practical Aids:
Software Assistant Sistema)

'-SISTEMA simplifies the PL calculation of a safety function

for customers If they have access to the appropriate




SISTEMA RA Library View
SISTEMA ;zé&frifmﬁlﬂ‘ﬁﬁ’\

SISTEMA User Interface — Library View
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SISTEMA ap

plied to wind turbine safety

SISTEMA ﬁﬁ?mmﬁé&ﬁ

* Relationship of 7 SISTEMA elements - example

PR = Project =

‘1

SF = Safety Function

\ %

#

SB = Subsystem

P

CH = Channel T =
Test
BL = Block S
(Category 2
EL = Architecture
Element

ly)

Safety Function:
Safety Stop

Channel |

Switch channel 1

Channel 2

Switch channel 2

SmartGuard
600

L ....... Safety Output
Contactor 1

N Safety Output
g Contactor 1

27




Wind Turbine Control& Safety System
— AL XL H & Z e R Gt
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Wind Turbine Control Evolution

DALl 5 AR HIAS W %

Below rated speed: Above rated speed:
torque control pitch control

*Basic control goals
* Region 2: maximize energy

capture.

ﬁ*

T, T = P, /Q*

2 S ~—on : thing for mild
T = 1/2pARVZC3 /\* transitlon berween regions |

v, v
\ No torque to promote

N rotor acceleration

"1‘_________-.___________

T I’{::111: out I{:
7 e

B
-

|
|

*
Region 2 - below rated Region 3 - above rated - Q
speed: constant TSR~ speed: constant power Q=VA / R

=
=
™ strategy strategy \
e
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Wind Turbine Control Evolution

DALl 5 AR HIAS W %

* Further control goals: |
— Extend the lifetime of turbine& smooth the pov —

Airflow

Vv

Fatigue damage reduction in turbulent wi
Gust load alleviation

Actuator duty cycle reduction et
Disturbance rejection " Meters e,
Resonance avoidance

Periodic disturbance reduction
— Gravity, wind shear, tower shadoWr s

,_
[l

Meter, S/sec

/]

/]
[/
| 31 F] T

L] )]
rhrl
e

[ 4
]

i
ST

iy
~d_J

AT ."::.:;: (5] Tower bendinﬁ

The dynamic multi axis CIP Motion based pitch control system

by Rockwell Automation is ready.
s - 30



Logix v B LAME KL K #7742 & FE Logix integrated

virtual design for Wind Turbine Control Evolution

e (% o Geiston fgmet Lok teo mmeE o s g

Logix 5000 Logix
DA % Controller

]

W v — - T 10100 7 oo bt

; : S
e 5 ﬂ Log|X DeCOderE':f:;." —— g e v
vch) owch Comroner y ¢ -
B‘ — S o I ST el
=> it i = | ST
= o | LSHH [ -4 ——
.,g..]:“m G b5t o o
- L! o [0 =
= = = 53l o | == o
= = = | g 5 L=
e Yo C¥1 Bccpes weonmene | ::: ban ot Torue F—w S ——— X
e 807 | 4 9] B e e (R W ] e e e e - 12 = : b,
000 |@eiwr BB BB B B8 el wl B W B W ¥

) The MathWorks* [ATLAB

Accelerating the pace of engineering and science OIMULINK®

w

R E
AR
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3| =BG LR

FPZ3K A bit more about The National

Grid Code Compliance (GCC)

Type Certificate (GCC)

Site Assessment concerning
Grid Connection

|

Wind Farm Assessment concerning
Grid Connection Compatibility

A

/

Simulation o

f Wind Farm

Electrical Behaviour

A

/

Assessment

of simulation

and compliance with
Grid Code requirements

Project Certi

ficate (GCC)
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A bit more abqut The National Grid Code
3 [ [ 2% H ) 3 Y Sk

Shift in requirements X5 XU 4 5 iy A LSk
Acceptable turbine behavior ] #5Z [{) XHLAT A
|
Controllable wind power plant behavior 7] 45l (K] X HL 34T A
Focus moving from turbine connection point to Point
Common Connection (PCC) in sub station <3 M X%

AN R ) B ICFHERE A (PCC)

High Voltage

Medium Voltage

Low Voltage

33



PPC Principals by The National Grid Code

37 B,k

ZHlss (PPC) ~E

Ext. Grid

d

®

S

Point of Common
Connection PCC

Reference Inputs from

Utility company

PCC Mesurements

. Breakers

Internal grid

T

:
{

wupl

Statcon |

:
@ TT

Capacit&)r banks

Communication network

Controll
parameters

Power Plant

Controller

— @

Electrical
Converter

Geabox

i

TCU

Pitch control

\/

&

Electrical
Converter

Geathox

|

Power

Meter

TCU

Pitch control

Trg er

Electrical
Converter

Geathox

TCU

Pitch control

»
—
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Important PPC features by The National Grid Code
Wiz e uhEdlas (PPC) ZEK

Deterministic control loops % i it Hff & 1k
Frequency#ii %
Voltage. H1 /&
Active powerfi 1]
Blind power i1

Fast communication between PPC and TCU (converter),
especial DFIG.

P FDFIGHL4L, PPC 5 TCU (ARifi#s) 2 [R] o)k Jd i s 7
means fast regulation of blind power, thus grid compensation
equipment (Statcon) can be dramatically reduced. It is not
uncommon that Statcon adds 5-7% to total cost of a wind farm. =k
PO IS DI Th 2, SR T LA Ky 1 2 5 % (Statcon).
— ek,  Statconas #8 0 X AR B A [115-7%

Open communication platform JTJizCE 1T &

%gﬁ%ce to various equipment is plug and play Xt T &-28 1% £ 42 11 RJI
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JX EE, 3 T s ) K A
Challenge Faced by a Wind Park

L 2

BHRERK

- Wind Park management is # 1 challenge X%
Pk
— FRL P A H 3K BB SK T 4 Wi . i T]
Power-on response time to request from the grid
o H AT BE R 2 25/ T-140ms Currently must be less than
140ms
— E-ON XJ2013 LA 5 8 i 2 Al

36



Issue on Wind Park Management System

W38 B R G T B R A 1) 7

7=

SCADA Server WTG
Controller
Sub-Station
Transformer Grid Meter
WTG
Controller
Grid |

Grid ‘power-on’ request t-o WTG times > 50ms

FEL 99 36 LK B3k XL K B 8] > 50ms

1 TS
1 T B AN E
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One of Key Goals for Wind Park Management System
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Wind Park Manage. by Rockwell Automation
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Rockwell Automation (RA) is Committed to working
as a strategic partner for wind Turbine Maker

* RA provided a high quality, cost effective, advanced wind
energy control& safety solution. & . &MY LL i JE 0k X %
LIS

* RA built up a technical consultant team with right domain

ISe and a proven engagement process to work for you.
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You Success!
We Success!
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