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Not OK | Not relevant | CONTROL AND PROTECTION SYSTEM

Description of control and protection system including
safety strategy. The description shall give an overview
of the system.

Description of control system software

Hydraulic diagrams and description

Electrical diagrams and description

Fault analysis - FTA(failure tree) / FMEA(failure
mode analysis)

Error response list including description of how the
system reacts on a fault or event. Reset procedures
shall be included in the list.

Set point list (list of alarm and parameter settings)

Test plan for control and safety system

Part list

Specifications for control system software

Specifications for sensors (rpm, vibration,
temperature, load, pressure...) and components
(accumulators, batteries, relays, valves, mechanical
brake...)

Data sheets for sensors and components

General installation, operational and maintenance
manuals
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% 2 ~ Type and Project Certification 3/l|4kzfFE

Day 1 Topic

Introduction to DNV standards and related international standards

Presentation of the certification process

Design basis

Load cases and loads

Day 2 Topic

Certification of wind turbine components

Corrosion protection

Manufacturing survey

Certification of blades & future trends and development

Presentation of new DNV standards

2% 3 ~ Type and Project Certification =%

Name Title
Claus Fridtjof Christensen Head of Department
Roberto Spallino Head of Section
Bente Vestergaard Principal Engineer
Erik Asp Hansen Principal Engineer
Andreas Gregersen Jensen Principal Engineer
Niles Bo Kristensen Senior Engineer
Per Jorn Madsen Senior Engineer
Ole Kjaer Senior Engineer
Thomas Boehme Senior Engineer
Erik R. Jorgensen Senior Specialist
Lars P. Nielsen Senior Specialist
Helena Jane Hunt Engineer




Z% 4 ~ Type and Project Certification /1 A\ &

Name Company Country
Lasse Svenningsen EMD International A/S Denmark
Martin Neumann EPC Consulting ApS Denmark
Wei-Nian Su Institute of Nuclear Energy Research Taiwan
Morten Christiansen RWE Npower Renewable Ltd UK
Peter Bach Siemens Wind Power A/S Denmark
Christian D. Schmidt Siemens Wind Power A/S Denmark
Grete Hexeberg Statoil Norway
Mark West SWAY AS Norway
Peter Lindegaard Vestas Offshore Denmark
Alberto O. Guemes \estas Spain Spain
Andrea Redolfi Vestas Technology R&D Denmark
Antonio Correia Vfestas Technology R&D Denmark
Michael M. Quottrup Vestas Technology R&D Denmark
Per Christensen \estas Technology R&D Denmark
David Simon \estas Technology R&D Denmark
Lars O. Riis Vfestas Technology R&D Denmark
Azad Salem Vfestas Technology R&D Denmark
Michelle Kannegaard \estas Technology R&D Denmark
Frank Strik XEMC Darwind B. V. Netherlands
Yoshinori Miura Det Norske Veritas AS, Japan Branch Japan
Kazuyoshi Mori Det Norske Veritas AS, Japan Branch Japan
Hege B. Thurmann Det Norske Veritas AS Norway
Claire Lin Det Norske Veritas AS, Taiwan Branch Taiwan
Jorge Pinto Det Norske Veritas Espana S. L. Spain
Eva Valles Det Norske Veritas Espana S. L. Spain
Trine B. Pedersen Det Norske Veritas, Denmark A/S Denmark
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B FERE - PTRHE LIFE S 81 2 55 = (Independent Third Party) » 7RE[l
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RIS EBFRRF AT ¢ 1. Design Basis Evaluation > 2. Design Evaluation » 3.
Manufacturing Evaluation * 4. Type Testing * 5. Type Characteristics Measurements * 6. Final
Evaluation » 7. Type Certificate < LL_F 7 {EYE H & DNV Frss 2 f27 » 2581 [EC 61400-22
FHERES A2 725 5 75 » JRB)) IEC ARE A 75 228177 Type Characteristics Measurements
MHEZZ T » DNV ARSI Fo e - fEaieaa il <RIy b - BEE U B T
TefE ~ B0 - shEEEET I RIS B8 - WIRARIEEEe P VA T 2 THE -

SUESFRIE > FEAE 25 B - 1. Rules and procedures » 41 IEC 61400-22 ~ BEK 651 ~
o, DNV-0S-J101 25 & @ 2 (E&EE > 2. Quality system —f% 5 FHHY/E 1SO 9001 > 3. Design
requirements » &2 {5 FIAY By IEC AYFRED > B4 IEC 61400-1 ~ IEC 61400-2 ~ 8¢, IEC-61400-3
% > 4. Design Codes > 5141 EN 1993-x ~ ISO 81400-4 Design and specification of gear boxes
5, DNV-0S-J102 Design and Manufacture of Wind Turbine Blades ZF & /& > 12 (& & & - FH LA
ERIAD > 5 1 TH R B RIEERE AR 0 156 3 B 4 THAIE BN Rl Bz = 0 M Rk
B 152 > 55 4 THOT DUSEFE Y Design Code SEEEUNE 5PN o DA RZEREAVESE 2 1
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7% 5~ A[#EEH ~ Design Codes

Type

Design Code

Steel structure

Eurocode 3 —EN 1993 series

Cast components

DNV Guidelines for Certification of Wind Turbine Power

Plants

GL rules

Rotor blades

DNV-0S-J102

GL rules

IEC 61400-23

Bearings

ISO 76

ISO 281

Gear boxes

ISO 81400-4

ISO 6336 series

Concrete structures

Eurocode 2 — EN 1992 series

Eurocode 7 — EN 1997 series

Offshore foundations | DNV-0S-J101
Corrosion protection | EN 12944
DNV-RP-B401




7 6~ IEC 61400 ZIFEAEAR &L

IEC 61400 £.%1| Title
IEC 61400-1 Design Requirements
IEC 61400-2 Design requirements for small wind turbines
IEC 61400-3 Design requirements for offshore wind turbines

IEC 61400-4 Design requirements for wind turbine gearboxes ({/)1F #
T MARER)
IEC 61400-5 Rotor blades ({5 #ETH » HAREZE)

IEC 61400-11 Acoustic noise measurement techniques
IEC 61400-12 Power performance measurements
IEC 61400-13 Measurement of mechanical loads

IEC 61400-14 Declaration of sound power level and tonality

IEC 61400-21 Measurement of power quality characteristics

IEC 61400-22 Conformity Testing and Certification of Wind Turbines
IEC 61400-23 Full scale structural blade testing

IEC 61400-24 Lightning protection

Design Evaluation A RI{EEEELTE H ¢ 1. Load cases and loads > 2. Structural analysis °
[EC 61400-1 FrEF s st EEO T ZEGIAIER THr » R Z 40 2 AR/ NG 1T
E - axatBE TR 2/) EEE - Walge ETHE S DRERGTREENI % B0
APEEREEE 2 E TR - [FFEME 5 R THEA FLEXS » Bladed » LUK FAST &
= HAE R Aeroelastic Code(4Ft H RiffE FHAY T HEI Sy FAST) « 45 DNV 2 4%
B o> MR & #E 0 A2 4 1F ¢ 1. Blades: Flapwise DLC 1.3 » Edgewise DLC 6.1/6.2 > 2. Tower
top: Tilt DLC 2.2 » Yaw DLC 2.2 » 3. Tower bottom: Along wind DLC 2.3 » Across wind DLC
6.1/6.2 ; T %5 &k F B2 1 Normal Power Production FTELEL » A4Yh 80% % 90% » H:
ERAIE R - BRB Rt - DU EE S AT R -

10



Z% 7 ~ Design load cases

Design situation oL Wind condition Other conditions Typa of Partlal
C analyels gafaty
factors
1} Power production 1.1 MTM  Fip = Fhup < Fout For exirapolation of u M
extreme events
1.2 | NTM  Fip = Frup = Fow F 5
1.3 | ETM  Fip = Frus = Fou
14 | ECOD  Fhe=Fr—2mis, Fl.
Fr+2 mis
1.5 | EWS Fip < Frup = Fou u M
2} Power production 2.1 NTM Fo= Frue = Fou Control system fault or u M
plus occcurrence of loss of electrical netwaork
fauit 22 MTM  Fip = Frue < Fout Protection system or U 3
preceding internal
electrical fault
23 EQGE  Fhyy = Fiz2 mis and External or interna U 3
- electrical fault including
loss of electrical netwaork
24 MTM  Fip = Frup < Fout Control, protection, or F 8
electrizal system faulis
including loss of
electrical network
3) Start up 31 MWP  Fip < Frue < Fout F :
12 | EOG Fo=F,.Ft2ms u M
and F
33 | EDC P = Fp. Frt 2mis u M
and F
4} Normal shut down 4.1 NWP  Fi, = Fhup < Fout F 8
42 | EQG Fow=F 2 mls and u M
I;:IL‘I
5} Emergency shut 5.1 NTM  F . =F 2 m/s and U N
down
) Parked {standing a.1 EWM S0-year recurrence u M
still or idling) period
a.2 EWM S0-year recurrence Loss of electrical u A
period network connection
8.3 | EWM 1-year recurrence Extreme yaw u M
period misalignment
B4 | NTM  Fhup < 0.7 Frer "
?} Parked and fault 7.1 E¥WM 1_:'|EEr recurrence &
conditions period
8) Transport, 8.1 MTM  Froain: to be stated by U T
assembly, the manufacturer
maintenance and
repair
8.2 | EWM 1-year recurmence u A

period

11




DNV #EfTata T ER st Edat B g A DL N 2&(E R © 1. Verification of aeroelastic
model > 2. Load cases * 3. Dynamic behavior * 4. Load simulation ° Aeroelastic model &7 &
FHEFTEER 2 TR ~ BEiRd: - RENTIGEC, C, CoTF) ~ M ~ DL LSS
MR8 5 Load cases & E IR HHBGELRT ~ SMEERIRRIFBIZ T § Dynamic
behavior & £ EE#H¥F Frequency ~ Mode shapes ~ LUKz, Damping ZIEH ; ifij Load
simulation & & Rl E 8T EEHE 45 540 Extreme loads ~ Fatigue loads ~ DL Kz Duration loads &5 -

et EEHARTTE T4 DNV BERERES 2 E 2 MM - &
AIREEE HARATER R 2 > MIATRITTR oA Rl - ARTRAEEN EFEE | L
Boundary condition » 2. Choice of element type * 3. Material * 4. Geometrical imperfections *

5. Validate calculation * 6. Load and load combinations 2 » 1] £:% DNV-0S-J101 #i#if55] °

(=) DNV #E

KRN #Z{TFE B Planning & Development of Wind Farms 46427 Rise
DTU(ZEHTEAE) Z 51 » HERIFEIZAE DNV 2 5] iFE B st ot BLer S8 E R
o > EESTENE 5 0T ~ BESHEE AT ~ LUK & dkir sk 54 (Load Duration Distribution,
LDD) S AH AR REHE T THIE -

IR 55 o TR B REAE R 85T AY AR (Cycle Counting) - fi  (5 F BV 5 7ARLE R
srEtZu£(Rainflow counting) - FE4h - HiAt 755540 Level Crossing Counting([& 3) ~ Peak
Counting(l& 4) ~ Simple Range Counting({&l 5)%J77ARIMEA AR - Rt - AREHE
EBEAIHF Rainflow counting -

+3
Load
Levels +2 Li‘;d CO\;mts
+1 +2 3
+1 5
m 0 2
-1 2
-1 -2 1
-3 1
-2
-3

3 ~ Level crossing counting J57%
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+5

Load
uits

Rainflow counting 552 M. Matsuiski £ T. Endo fi#gH » Endo B9 5 A B H LA
TR > WlE 6P~ o KERSTENE 90 £ fEAWETEIRNE EEDK > 105R7KE

- C
Peaks | Courts
A H +3.5 2
+15 1
+15 2
Time -1.5 2
-2.5 1
— 27 1
B D -3.5 1
G
4 ~ Peak Counting 757£
Fange Cyde Ewents
(Uiits) Counts
10 1]
g 0
— 'I'j]]]_e E ] I] C'D,G'H
7 0.5 F-i5
fi 1.0 D-EH-1
5 1]
4 1.0 B-CEF
3 0.5 &P
2 0
1 0

5 + Simple Range Counting J7;%

Peak Hfith#% » K—E NE& > EEILLMEAT— BRI A I

® The drop will stop if it meets an opposing peak larger than that of departure

® The drop will stop if it meets a path that is already wet

OSKER Valley BhH5% > /K—ED FA& > EEILLMEA— BRI ALE -

® The drop will stop if it meets a valley deeper than that of departure

® The fall will stop if it meets a path that is already wet

B—TR/KATE B 7K PR A] 6L fs—(E half-cycle -
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6 + Rainflow counting J7,%

FEHH Mr. Kjaer HYZEfE - A AERET AT B2 AR > Mr. Kjaer JRIEEE -
—fRETREVIT AN LR ERZ PR BIN AU > il 2 [E—#iEHY Amplitude A1
Mean B ji*[E—{E BIN » [t - BIN HYEE SR 5 0 HISE RATRARIRZE - U8k
Bl EEHEZED R 30 # BIN DLE - f&i& > fER S 0w @ IR SRRt E > —fig
EDEMEH S-N gfi4REd Palmgren-Miner’s Rule(/A=—) » 2 ZH F Stress Domain #
{Tat5 > Mr. Kjaer $e it 55—l nJ1THY 5% > JRETALE Load Domain 515 - LIBE S Ry -
T80T falpwise moment FiEEE > FEAIE INER-P150 35 i@ asREH M -
flapwise moment A7 352 {E (M) B 558.13 kKN-m » fH2:E Sk FRP M/E V4R ERER(m)—
Beqris 6 2 12 2 o ik m Ry 70 DURARIEELHI(R) K- - & 8EA[E 97y HIl&IR
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Amplitude Moment, M (kN-m)

(o)}
o
o

E
< 500
(18]
= 400
c
®
& 300
o
=
o 200
o]
=
= 100+
< 0 ; ; ;
0 5 10 15 20
Log, (N)
8-M-NcurveatR=-landm=7
600
Mu })’ /”
v
200 /R=-05 B 1
R=-1 f /
400 ; e 4
; M=1 //P =0
! ~
300} 7 N=10 2 ]
S~ =100 &
200 3 N=1E3 "
N=1E4 “o—~"R=05
MN=1 —_— o} .
100 = -
N e
0 100 200 300 400 500 Mu 600

Mean Moment, Mm (kN-m)

9 » INER-P150 &} Goodman diagram

16



£ DNV HPER S — (B R BIRE A 1T - H H AR EHEE S A IR
2k me DA TERY T UL T2 e ] e S R SRR R 3 > i FHAY 5 20k Fast Fourier
Transform(FFT) - RERFRIEERIEWEZHARRER ~ 28 - DUREER - FEEH - DL
R B $TEEER edgewise moment #E1T FFT 8t - SUEEVE - HNBIRGIEEHY
BERIELERIERE By 20 Hz » RIIEL - {45 Nyquist criteria > 551y FFT SRV 10 Hz -
JREE 4 m/s 53T ZeBlE TR FTTS 2 edgewise moment » &5k FRT fE &A1& 10FT/1 - (2
£4Y 0.3 Hz AHIEANRIE » 25 4 m/s JEURAYPHIEE )R SRR 20 RPM 4T - FFT H9%5
B A 1P AYEEE ; T EGE 22 m/s Sy Hr 22 BIE BTS2 edgewise moment » 4X3H
FET it a1 11ATR > fE1E4Y 0.65 Hz HHABRNE - 27 22 m/s ERAY--H5E R
AT 40 RPM BT - FFT AU4ESREEIR A 1P VEERE - $0BEshm 2 % > S5 EH
80i% - INER-P150 315 HYSE—HRIH Ry 2.625 Hz - BURIBLIER WIMERGR - FES A IR
5 3P HYEER L -
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11 ~ JEZE 22 m/s » edgewise moment $5EE57fr

1E£ DNV W0 1% —(E & %52 Load Duration Distribution(LDD)&yE Bl -
BT BT A IEREN: - LT A00 » FEEEE 4 mis IEFZEER T - £
R DEE EalE 12FR > EEHEIER BIN BUELE - BHEEI{E S B 100 {E BIN - R
{l&l BIN HyfR4niE 13F7R - HR SR E £ 600 #0 - AL - RelE 135F - 600 FPR[1 Ay
JEZE 4 m/s IEF &R T > FiifH 76y LDD & 14577R - LDD F2L2 fEHI1E el
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REGS R Rt - BRI AR 25 % 5 -
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Z% 8 ~ Planning & Development of Wind Farms 3l|$fzRfEZ=

Day 1 Topic
Briefing & About Risg

Introduction

Project development

Site specific conditions

Day 2 Topic

Offshore substations
Offshore standard DNV-0S-J201

Verification of Foundation design

Day 3 Topic

Corrosion

Health - safety - environment

Installation, Commissioning and In service survey

Day 4 Topic

Site tour

B

JE )3 BT E 2 Al > — RSB a TR Ah - T H R R R (
15) » BIEEETTIVIRE - BT DA —IAERE] B AT Aoy Ry DA NI ES

® Phase 0: Feasibility review

® Phase I Verification of design basis

® Phase |I: Verification of design

® Phase Ill: Manufacturing survey

® Phase IV: Installation survey

® Phase V: Commissioning survey

® Phase VI: In-service

Phase 0 m] LIS/ Sc IR - GIFEMESRGET ~ Sukard - HEEsrd ~ #J737A] -
PURSRBCERRTAL S - SHULaHS /A5 B m M - B EAENSR £ B0 168
EZRAERE ~ WBIR » DUCE B EEE I - Sl E 8 gt 2R E s E
YRS > LUK 4k (substation) HUsk B B ©

21



Phase | AL S VARG HEIR T TERE - BRI ER S & - E— U sa0e]
Ptk  ABMEET AT+ 117 Phase 11 F33H37( - Phase 111 55 Phase V A (s
BRVEHENG - 05T CEAERE TR IS « TG « JASHIES - TS

e R O i i B B AL Th AN Gl R T R 1 H e BRI P
ERGH IR -

15 ~ PRESHES R FE g

SHERE R (ERE AR - —EEERIRR B  BRERE
AR HE P ERE o SRR E R M RES AL ERE VAR & - MBS BRI T EER
= R RS BREEE  SERE RS TR B R BRSO AEH - —fRE
HYSRERE IR T e Ral ERSRIE » ERE R EMN AT Wave rider » ADCP(current,
water level, waves) ~ Radar ~ Laser ~ BV 2 BRI o B MIPERIE T H - gHEA AT i
155 (Geological Study) > tHEEMFHIRA BREIRIEETRES - #5772 Geophysical

survey ° 5% 1= Geotechnical soil investigation °
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Substation fEHfEREEELYHEME EEAAE(E 16) 0 MERASKRE » DR
TESFRY s - R AR Rk - BGT EMERRE I G R FEFEME
hiifE > CHZE SR REN I ERERZR - A5 IR EAGaS T - o2 d R
b2 5% A -

16 - Offshore substation

SAMSO F4FETREE A2 Sjaelland 8 Jylland FBREENEATE - RS
7=H Kalundborg FAfERIT » Fl72 S PEERYA L] Kolby Kas » FALE A A HE|ZE S
&/ Samso Energy Academy([& 17) - #( T./E N & » DURIHS B ] KE T RS L&
REAIECE(E 18) » EILEIRE A Ay

® Nordby/Marup: Solar heat & wood chip > 2% 1.6 MW » KFZREU 288 HITR

2592500 m? » FGEELTEEART 1250 I » 22174 2001 42 2002 £ERY -
® Onshjerg: Straw-fired district heating - i+ Z/2% 0.8 MW » 4 4FERSRE 600
g > FERY 2002 4F
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® Tanderup: #5% 3 £ 1 MW EJ 8 8% > 55547 50 m > AEEEHE{E4Y 100 #3570
FEEFEE B4 7600 MW-hr

® Tranebjerg: Straw-fired district heating > #iiH 2/ 3 MW » 7S 1993 4 -

® Ballen/Brundby: Straw-fired district heating » #if; - 28 1.6 MW » 4 S FERGTE
1200 IE » %> 2004 4% 2005 4ERY -

® Brundby: & 5 K 1 MW il JJ88 8 M » #5154 50 mo EEAEEEY 100 BT
FEEEEEHE4Y 12700 MW-hr -

® Permelille: 2£% 3 £ 1 MW JE I8 8 1% 555547 50 m- RS IE(E4Y 100 &350
FEEEEE 54 7600 MW-hr -

® Offshore: 45 10 i 3 MW g2 il I 3¢ 814 - #5140 63 m > R8¢ EE |4 77500
MW-hr -

SAMSO & i Straw-fired district heating B BEHLAG TR ~ R ES » 1 JEl ) 38 25 i
2T - bR T BRGNS 2 B RS > B S X Jylland -

il

17 ~ Samso Energy Academy
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3. EZRATHERRETIOENER - DURCEAN A FHETIOER > WS iR 2
JEFH S-N Curve » HE€r{f Load Domain #:{ 74747 » [ Goodman Diagram -
FE—EEERAVERA T > IAGBLZ fRE% > AFREME T > Ty b2
e S IRIRAEE -

4. LDD EEEHEIEE AT R &Y IEC-61400-1 HyduE » (HAEE S EA LAl E E
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Com, Reference doc. c ;
No. Page onumneEn
It should be noticed that our scope of work 1s doing evaluation of
loads and load cases which is categorized as a one(1) item of design
1 WTG-QUM-REP- | evaluation for wind turbine according to IEC 61400-1 ed.3. Therefore,
200.0 / General the information i the document which is not relevant to loads and
load cases is only for our information and not subject to our
evaluation,
The approval is done in accordance with IEC wind turbine class ITA.
s WTG-QUM-REP- | This require extreme ambient operating air temperature from -20 deg.
- 200.0 / page 2 to +50 deg.. According to table 1-2 on page 2. 0 deg. to +40 is used.
Please clarify.
WTG-QUM-REP- Th‘.e apprqval le done 1.11 af:cot‘?iillce 1\'1‘(311 1IEC ‘Wmc} turbine classIII.A.
3 200.0 / Page 129 This required air density 133 1.225 kg/m. In page 129 document. it is
T TE T described as 1.2205 kg/m’. Please clarify.
| WTG-QUM-REP- . . .
4 200.0 / General Typhoon mode is not subject to our evaluation.
It is described in chap. 6.1 that there is no redundancy in the control
5 WTG-QUM-REP- | systems as well as most of the sensors. Therefore. it should be
) 200.0 / Page 110 declared how control system of wind turbine meet relevant
requirement on chap.8 of IEC 61400-1 ed.3
Tt is required on Chap. 7.5 of IEC 61400-1 edition 3 that at least 10
minutes six(6) stochastic realization(or a continuous 60 minutes
WTG-QUM-REP- 1)61.'10.(1) 3halll be rcqun'ed.each mean, lhub lflclgllt u'n{d speed used in
\ . the simulation or twelve(12) simulations for DLC No. 2.1, 2.2 and 5.1
6 200.0 / General . ) )
shall be carried out for each event at the given wind speed. However,
a foremetiond requirement for stochastic realization has not been
implemented. Therefore. it should be revised in due course.
- WTG-QUM-REP- | It 1s required by IEC 61400-1 ed.3 that DLC no. 1.1 is extrapolation
' 200.0 / General of simulation done in DLC 1.2. Please update.
- We have received MATLAB macro from INER but further data is
+-OUM-REP-
g WIG Q[fM REP needed as described in our email dated 2* of August 02. 2010. Please
200.0 / General clarify =
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