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2 AFE 2001d 1298 E 20049 129714 ARAQoR FUS(F)7 AL
T8 IFFAYEL L I BH SPo] FAQI AN AR
750kW Gearless® FWAAzHe) T4 Qo] 23 A7ABA FHu
A2E e FR7L, PR AT A Anet Byols, @Ay R AYHEEX
s NEaaFY ATAFEAAY FA AAULE 52 L AAE A B Y

oo

& TPsa Yok

1. A &

WY FHLAYY VeFsFe A nAF JAdy driayd FHEEA7)
(Danish Type WTGS)e] 7]s¥Ax r]ojg]ad  F& A7) (Gearless Type
WTCS)e| 7lgmaos 79 4 g

ARA Mdoz, 14553579 @ FE2¢A 7] (induction generator)E  A}-&-3H
Aoty FEwAsle TRV 2THE AdsA) s Fe
29 WAL FF3AAM (£ 24 7]+DFIG, double fedly induction generator)%}

Moz Thsta] A Ao TFEHs THLH7Y

(direct drive) F&EHA7I= &

3 e )
gol Fhgeta, WwE B4R Y F5719 IE AL AR AAT 5 9
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o B FEWAY) B 2AFS 9N s (variable speed)EHo) TS
02 RAAZE v 287N Ho) FHAF(Cpmn)e) BAANA -] 7}
Tetd 29Ee 4T uiPgel oY FAY a9 Wyt THAGAAR A2
2 ggonz Az YFgs Fd A F# e el Utk

B AR E 2 Aoz Axd 750kW Gearless F88307]¢] A=l
A7, FHALAE 4A R AsANEES 283 AAEY ARHAE dHEuz
SR
2.3 £
7} A2 A8

1) Azde o8 2 74
750kW Gearlessd Z 2wz 7] 39 27, A% & (upwind) 2 50me] 2743
3L zZte £9% FYdyriolt. B E (turbine rotor)s} YA AHFTAUE
o] 50m EE 60mel AEFW EHHARol FADT A FARE BeAol=, 2H
Hu, gPNsdes P4E AU FARLRR, A F FRE
(machine structure), %A 7], yawingAl 28 2 Bgold ¥ FHIFAZE FAHE
ANacelle)z A= Utk £3 ARAFE FALA/E BR2A AT
£ AF2d0| 7F5d FAoliat ghelshiel AW RE Adgon 74
o 97 2 A A2de A B4 2 AT & JE BUH A2 T
ARt O3 18 750kWF Gearlessd Z82a A 2El o YRFLAEo|

ogh X Mk oXx

[2® 1 : Nacelle layout of KBP-750D(U50)]
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2) Nxge] Faae

[of
B NEAAES FeAde % 13 2o

<¥ 1 : Specification of KBP-750D(U50)>

AAZ2E (kW) 750
ANEF%5(m/s) 3
- FAFE(m/s) 12
A 4
AFS BAEZ (m/s) 25
A Z4 (m/s) 70
32 A7 E F7dA7
kA 7] AE9 805 kw
AT I 17.5 Hz
FA1A A% (m) 50
- 3 AL % (rpm) 9~28
3
A8 AA3AE S (rpm) 25
X Fol(m) 50 / 60
Byol3a A full feathering pitch Three independent electric motor
€] mechanical disk brake Hydraulic
AEAA A AC/DC/AC, IGBT. PWMA ¢
89 Alx=H Electrical active yaw
Z 8 A oW Pitch control regulated
BASHE IEC Class IA
q2 59 Germanisher Lloyd
B Glass / Epoxy
Byole A AE02-xxx / NACA634xx
Z o] 239 m
= 2360 kg

ZaurA e AAZAL IEC 61400-1, GLA} Guideline5d 773 & dom,
N AAEL o) EFEFH a7ste 2Hd AFES A HJd FHT
A7) AuAA GANA DANY 71Fe FA5F(Type class), 28 #H7Z, B
o], 28Alota Fo 3 7R AAZAL ARG FEHEANY FHFF
2 IEC 61400-1 7#ZolA AYdtenlel go] dARAY BAFE, IS,
AT SO 93 AAP ¥ 2% IEC 61400-1 720 Aol® =LA &
HeEe Vs
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<3t 2 : Basic parameters for T——

parameters

Definition of WECS Design of main compsnents |
parameters

wind turbine classes > | 7 ’ [ toadcacuaion ]
WTGS Design blade, tower ] A
I | o | m| v g,
Class ﬁreliminaw load caiculation ] \\‘\Ti'ifompoi'?/
Vet (m/s)| 50 | 425 | 375 | 30 T
- Design of seconda
Vave (M /s)| 10 85 75 6 //;/ \,,\k\\\ L cgomptlments ] I
-~ esign check: 11
4 ks ()[018]018 ] 018 | 018 o T
a (.) 2 2 2 2 ™ I Design assessment of WECS |
g J5 ()] 016016 | 016 | 0.16 [2% 2 : Design process of wind
a()] 3 3 3 3 turbine system for U50]

B dFoA AgE AAFL IEC Type Class IA 270 @A) HAHAL. 2
H 2= AAFAEA HEE AxHe] AAARE EA8RT

1) A2 HFAN

FHRA|o] AAFHS IEC ¢ GLIA 20d o=z FARAS Aot 31FA A
(Load calculation)-& 2039 %77+ S¢F ¢y 2L A AH] ¢tde EE Ty
o] A4 VAP S FH3Y] AT THAJA HARFEE Adste Aoz A,

FHEHT] AAA WS FoF H}ol)

A 2d o) 3ZA AL IEC 61400-1 FZANA A" F 871K LAZXA O
g 4 stexPE FEe. ojd a7EHE 948 Fe 1Y 394 Reuiel 2ol
&4, A2 253 2 F8 AY, A ¢x8F 5 olth Fig. 4
g 719 stFAL A EE FITAE =A% Aol

Selection of standard Type class
(6L, IEC) Wind zone

\ /
\\ /
v
Techrical dta Addtional environment parameters

oihe WECS -“*"ﬁ Load caleulation (Temperalure, Wind speed,
\ < Earthquake)

Mot

| S

/
I/I

Safely and contrl scheme Type certification/Site specifc
ceriication

[2® 3 : General input parameters for load calculation]

[2¥ 4 : Coordinate system for load calculation] .
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B Q7ML SEANE el AAFeR Be ARAEl Agsta
& SoftwareQ] Flex5(dv}=2)E AL-&3ld] slFA4S 35t 3H

B AT HEH HAAFSHS IEC 61400-1 Type class IAZ X AP AT
Vae = 10 m/s, 50 =F3HF2 Veso = 70 m/s, ‘&‘%—7&}}_ I = 18% o|t}.
A7) 9 AVE S3E sl S, 9
OM 6749} AfEol AT Hoigk
gl 3}=o]lH-S Rainflow

3t /&5 78l (Effective

o,

countingdF % 2/(1)g 9]

equivalent load)& A4+stH o

I 62 3}%74]"}% T3 2AE FEHA F AASFS 271F AoH, =
B 2zt dAEE 29 rpm oo A ZE Hola HFol o3 HldAA =
4 2000Nms| He) HAEsL SR Table 7& 20 FRl A T
Aol AA HE3ES A3 F Rainflow counting 3t N = 10° Apo] &4
W3 FAS7HeSS A Aotk

<3 3 : Extreme design load for the drive train>

Fx-N Fy-N Fz-N Mx-N My-N Mz-N Operation condition
310.5 -71.3 26.7 28.4 -579.9 -5.8 Ready for operation
248.9 -284.3 -268.5 -268.5 -822.6 -3.1 Ready for operation
194.3 -2.9 -158.3 -158.3 -69.5 364.3 |Normal power production|
6.3 -215.7 -1190 -1199 -394.3 10.1 Ready for operation
197.9 90.9 3775 377.5 -2000 446.7 Normal power production
185.8 -6.1 86.5 86.5 -111.9 1253 Emergency stop 1

<3} 4 : Fatigue design load for the drive train>

Slope of
AFx-R1 AFy-R1 AFz-R1 AMx-R1 AMy-R1 AMz-R1
S-N curve

[kN] [kN] [kN] [kNm] [kNm] [kNm]
m
3 311.74 311.28 41.02 571.09 575.15 64.29
4 292.56 292.14 44 .83 574.63 578.64 83.79
6 274.66 274.28 53.61 633.47 635.38 113.92
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2) Egol= 4A

Bol= 3HAHA A 39 7idxrt 4  ddelA sEwde
7tA NACA 63-series &2 o] &3t Edol= HPFIe
AYL Ag3td FRAEE FHeY, & BFHdME F2 A
AE02-series 2 A3t sjH e} o= A% 45F I
T3 o) Z=Zdo|r} wiAHE 2o ZZe tis FAUIE o %2 s TH
A3 FZRPEY LFF0] BEIHEE AAEY. £ 5 € 18 5 T84
AE %3 4P KBP-750D(U50)¢] E#lo]= <] o|t}

Baolze] 7 ©He 1Y 63 go] THS} A¥ FERIZ o]Fo|H ow,
2uts oA 449 &3 fHa A3t 25 Ae ARsE 208 Q2= o]FoH
dtt. B A4 THILE A nEYY AdE e AAES AHAG-

o

<3 5 : Profiles of airfoil for UNISON U50>

Radius (m) Profile

0.8 Cylinder
1.5 Cylinder
55 AE02-xx
7.4 AEQ02-xx
10 AEQ02-xx

13.5 AEQ02-xx
17 NACA 63xxx
25 NACA 63xxx

Pressure side

sandwuch ;

Shear.
webs

R S
Girder Suction side

[2¥ 6 : Basic structure of rotor

[2¥ 5 : Front view of rotor blade
blade of KBP-750D(U50)]

of KBP-750D(U50)]

BaolE Ak Glass/Epoxy #jd¢] Uuter Zajzgs) 465 IZ Zg=
H1E AHREEon, FoAEE AFE3 M= X7} Shelid] FHgE ATt B9}
o] 2Y L T-boltZ: ALt 18 72 Bol=e zaA 23 2 T-bolt =
BEY Tz dAE Yelhd Aol
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(a) Blade structure (b) T-bolt connection

[18 7 : Structural analysis of rotor blade]

9 204 ANE AARE HEetel [EC 61400-1 7
% GL 142 U535 2AE £33 =3 A2d9 HFALE T
_]

=

AEL ALl TIAE L H24Ee ANIA 2 22FY Tz
el ]. 2=

= T

Rl FAEE 227 2o) hA o fr(Safety margin), S

Sg=

TSOKW FRRAS ABAAEFE] BHSFAN ALY 2AGEE Agate] 2
ARG AAsEe A8 FRRE ¥ A= 9}
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Cordrol Schems

[28 8 : Machine components design of UNISON U50]

<3 6 : Design results of machine components >

Component Material Weight (kg) Manufacturing
Rotor hub EN-GJS-400- 18U-LT 2,212 Casting
Rotor shaft 42CrMo4V 5,020 Forging
Main frame S355 J12G3 3,760 Welding
Tower S355 JO 49,510 Welding
4) AAJNS EF
A Awd ulel o] FJLA A2YE FAsE A Ax"HLE A2A
7] AYRBFR , AAFANZ FEE ALAAFA AHEH ARFe
B A BT AREL B =EoA 2R v} Qo) 1A AL e
W 9o 2
@ &7
dA 7|=  A&Hbeke] Radial fluxgl 972188 7|7 |E A9sgoh
3245kNme] A7 JHE=J thsled AZ 3] A4(25rpm)ol A 805kW.4 A3
o] HAHEE HAHT HAY] YF F(air gap)2 7IE FEE A &

HYFx2 AAse #3824 $HS 4Ad
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<3 7 : Specification of Generator(RFPMG)>

Electrical parameter
Type RFPMG
Nominal rotating speed 25 rpm
Drive torque 324.5 kNm
Rated power 805 kW
Nominal frequency 17.5 Hz
Efficiency : 95.6 %
Full load voltage(Vi.1) 780 Vims
No load voltage(Vi.1) 824 Vims
@ AW A2
AMEA 2T e B A e BRAYLS AF2 ABSHE AHHTS 4
FAHE AFSE DC linkt 40 AFE ATAH S0 Ao AR
= AWERE A Aot AWERE wd7 ol Huvl HE = HEA|
NS BT AUED FEAGNE 49517, DC kbt AR A7 A2
A Ee FHHL £k BHg] @ 2E5ES 9skd dynamic braking
resisterol| | W AH T E Hoi Aok EZ JIHEF = PWM A& F3to A
59 947 5713} A% THgoss APAA AFAA} HEF 4A
ATH.
<i 8 : Specification of Inverter system>
Parameter Value
Type AC/DC/AC Inverter
Control Power regulation
Rated power 750 kKW
QOutput voltage 690 V
Output frequency 60 Hz
© Aoj A2
AAA 2" & TEC 2 GLo Alo] & B3 AT 7|Fdd UFHHEE HAHAT
58], FAFHNN 278 A2WY FAZAY FANFS A FE3] WYt
of AlZ¥le] A ZIAA, AVA A¥e JHries st AAHAYG. 2
Y 9% ofdl U 7RAN £AHIS Yepz ok
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TORQUE CONTROL I H TOMATIC YAW H

PITCH CONTROL AUTOMA
f ¥

WATCHDOGS NORMAL OPERATION g ARTUR

=

EMERGENCY
sToP 2
!

NORMAL §TOP 3 NORMAL STOP 2

N 2= 0 [N Mo

EMERGENCY
STOP 1

" “ NORMAL STOP 1 l l

¥
EMERGENCY
STOP STATUS 2

¥
NORMAL
STOP STATUS 3

¥ r ¥
EMERGENCY HORMAL NORMAL
STOP STATUS 1 STOP STATUS 1 STOP STATUS 2

2

. )
READY FOR
OPERATION RESET RESET —
STATUS

28 9: Bésic Control Scheme]
o AAQF 7

KBP-750D T8¢ A2 A7 @ FF389 JFA, 7€ 274189
HFAR F AL HRA Y AEY D A2de kAN E ARFHor AFI) AT
Exo8 ZIAZAH AF7]1# 59U GL(Germanischer Lloyd)AlZ R AA¢E
(Design Evaluation) 858 FR3} ¥t}

AAQSH #Esto IEC WT01°] 8 73 2L,

» A2’ EFAI F Aosd

»ZH Eol= A4

» 71A1 =] AA

> A7) AA

» B} 9] A A

»bAY BARE B R
o Zow, gA BA 9 A A2F GLAF AZsd, 19 109 2& 323 2z
g ¥z

2 AAUNS S $3835t9 =Y Germanischer LloydAl2 5 E] A A ¢1ZA]

At

- 238 -



‘Submission of
Documents

1A

[1" 10 : Procedure of the design [ZZ®¥ 11 :Design Certification  for
evaluation] KBP-750D]

2k A AEA =

750kW Gearless FH 479 AAFL IA HAH, 75& =ZH, A, &9
] 59 FJXRZ A, rotor hub, main shaft, machine frame, drive trains 7|7
| R4F3 @7, AdWE, Edols, B9 5 A2 SARE IHHE A4
= S AEAZFAL S0l e AR, FAF ZHFTFAANA olE 84aF

Nt

Ne

FADL A9 Bsh Byol=w At A%

[ TcR o N O = Y.
(o
ol

or flo X




) JA+xE

( B
[28 12 : 750kW gearless Z& @A 7]e] 2 AHE 2 FEZHA]

(b) (©)

(a) rotor assembly, (b) nacelle assembly, (c) Final assembly

[ 13 : =Y 59" 750kW Gearless £HWH 7] d7A]

7h SARFES] AlE 2 Hut

ANAEL ISO, EN, GL, [EC Sl 748 EAA4 9 ANda4 272AL
THHES ALARLH Fa anFd WD), gAols L Qe AF
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1) Bl FaF T2

o)

r{o

BHol= AEE EFXRAFL <1Z7)3<] Germanischer LlyodAle] ]3] 3}o
gPrlojoldt= HAAJNEA T A4 QFFAolth. Al¥ HA}= flapwise
chordwise 125 =4, flapwise 315 A g, chordwise 3FAH Toz2 F3Y
HAon Ztziel A7 Uty E#ol=v dEHAY FAHAA A3 &
FAXE dA gotobgit.

wad

o2
o

Vazrarr Fagics Tagt

—&—¥asatumd

disp. 31 6%
045

s | —O—Measured
disp. 2 8%
iozd

=D=Calovaks
disp. 2t ¥55%
fosd

1 eCmmigonsured
disp. a2 10%
ipad

LAY AEAES FFAVATd JFEe AlF Ao AP A9
FAL 1100kWHF AF 7] 2 Drive System$ o] &3}a] 3819 7H&71E Faf &
A71E FEA7IA FAAskH e, Auje] 4 7t 99 oA F-REHA|

ok
d, $EAE, e B4 AY 5 FUsn

Views Vind
»
2
g

—=— Pure resistive load case

<] —O— Active controlied case
Rated current

#® Measured Voltage

T T T T M T Y
100 200 300 400+ 500 600 700 800

3) AME A%BA)E
AME A5
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