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Operation Strategy and Load Analysis of the Wind
Turbine under Extreme Wind Conditions

Jui-Hung Liu

Department of Mechanical Engineering, Southern Taiwan University of Science and Technology
Abstract

Extreme weather such as very strong typhoons is a big threat to the wind turbines in Taiwan. In 2015, Typhoon
Shoulder caused severe damage to the wind turbines near Taichung Harbor. As the weather is getting much
stronger in the future, the solution to the operation and maintenance for wind turbines is very important and
necessary. In this paper, the root cause of the failure has been found. The breakdown of the yaw system stopped
the yaw motor and resulted in an abnormal overload to the blade pitching mechanism. The excessive load to the
yaw and pitch system should be carefully evaluated under such extreme wind conditions. This paper gave thorough
load analysis of these two sub systems and verified the possible ultimate load. Finally, this research devised a safer
operation strategy which can be used as a design model for future new wind turbines.
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® Class T fiulig/E EWM :
1. 2FREHV,, =57 m/s
2. 50 FFE—HERRE Vg, =V, x1.4=79.8 m/s

ref

3. 1 FE—fEE V,, = V., x0.8=63.84 m/s
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® Class A fiiili )it EWM © (¥I24H)

1. 2FE#V,, =50 m/s

2. 50 FE—3BIHIE V., =V, x1.4=70 m/s

3. 1 MR V,, =V, x0.8=56 m/s
® Class T Ml 207 EU ETM & 204 A+=0.18
® Class A il 27 EU ETM @ R %4 A=0.16

% 3 IEC 61400-1 % = =k =& & 4 [14]
I

Wind turbine class il il S

Vave (m/s) 10 8.5 7.5 Values
V. (m/s) 50 42.5 37.5 | specified

Tropical(m/s) Ve 57 57 57 | by the
A+ Lei(-) 0,18 designer
A Lret(-) 0,16
B Lret(-) 0,14
C Lrer(-) 0,12

The parameter values apply at hub height and
Vave 1s the annual average wind speed;

Vet 1s the reference wind speed average over 10 min;

Vier, 7 18 the reference wind speed average over 10 min applicable for

areas subject to tropical cyclones;

A+ designates the category for very high turbulence characteristics;

A designates the category for higher turbulence characteristics;

B designates the category for medium turbulence characteristics;

C  designates the category for lower turbulence characteristics; and

Lr 1is a reference value of the turbulence intensity (see 6.3.2.3)

4 PBEAIREER TR TE

Wing turbine class T A

D Rotor diameter 70.65 m
Zhub Hub height of the wind turbine 62.97 m
Vin Cut-in wind speed 3 m/s
Vi Rated wind speed 12.3 m/s
Vout Cut-out speed 25 m/s
Vave Annual average wind speed at hub height 11.4 m/s
k Shape parameter of the Weibull distribution function 2 --
a Wind shear power law exponent 0.11 --
Vief Hub-height 1-year extreme wind speed(10 min mean) 57 m/s
Lt Characteristic turbulence intensity as function of wind speed 18 %
Vi Hub-height 1-year extreme wind speed (10min mean) 45.6 m/s
Veso Hub-height 50-year extreme wind speed (3s mean) 79.8 m/s
Vel Hub-height 1-year extreme wind speed (3s mean) 63.84 m/s
A Longitudinal turbulence scale parameter 42 m

45
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= ~ %31 ;=(Design Load Case)3L.3]
TR HT A TEC 61400-1 75 H Fr 5 #1525 B #(Fatigue Load)AYa¥(d » 755k il £ 8% (Ultimate

Load)#y DLCs » H&7T 1.1, 1.3~1.5,2.1~2.3,3.2~3.3,4.2,5.1, 6.1~6.3, 7.1 - I

F 55 FUR o HETE TS 700 {E T0EET o 15 (EEZAGIRUL © FIIASHE RT0ER 3.x ~ 4.x BIEIELE
%~ Sx B ~ DU 6.3 —EE—IBAY I PRIER T 10 {lE % DLCs 51 - FHE TR 5 21 R
T AEEFEEREAESE > FIFE SHETE TIERMENT - ATHTIE EZAER MR Sk B S
725 » RIELEEBLIE R E H ARAAAVERER - ] DI &R KAV L - 28R 6 Fn

K S BETEBTIRSE

DLC 1.1 JEg NTMOQEEFER) : #iE (H [ 3525 +/-8 EF)
. 1. VvV, <V<V,=3~25m/s 1.1IWINDxx_x

2. 3 EEEERAE*13 EE 39 cases

DLC 1.3 j#fErh ETM(Htl Z07) ¢ (FRAE+/-8 [E)
. 1. Vv, <V<V,=103~25m/s 1.3WINDa b ¢

2. 3 EEEERAE*13 EEE 39 cases

DLC 1.4 & ECD(efE+/E A2 b) -

(ZRFEH-8 [E)

1. V=103,123,143 m/s

2. 3 EEERAE*3 EE4 e 2 R Sk

1.4WINDa b ¢ d

72 cases

DLC 1.5 i&E## g EWS(flE L))

(ZRFE+-8 [E)

V. 1.V, <V<V,=103~25 m/s 1.5WINDa b ¢ d
2. 3EEERAER EAR *4 hEEA 108 cases
DLC 2.1 ##+f i NTM(IEF Z05)
V.o 1.V, <V<V,=103~25m/s 2.1WINDxx_xx
2. 13 AR RS EE trip 13 cases
DLC 2.2 Z#HfE+HE NTM(IEE Z00) ¢
VI 1.V, <V<V,=103~25m/s 2.2WINDxx_xx
2. 13 EE*3 fE LA e AR trip 39 cases
DLC 2.3 ZEiH[HE EOG(fHH) : (BRFE+/-8 )
VIL 1. Vv=103,14.3,25m/s 2.3WINDx_x_x
2. 33 BRER A EE M EEA 144 cases
DLC 6.1 {#t#/Frf (50 FFE—IE PR E)
v L ETWS7mis (R5+/-8) 6.1 x
2. EWM 79.8 m/s (Faz+/-15) 6.1b x
3. 3HEUR*3 EFREY e 15 cases
DLC 6.2 {ZH¥/fFH+FE (50— PR EUN)
i L ETMSTmis (s3£+/-180 ) 6.2a x
2. EWM 79.8 m/s (GRzZ=+/-180 &) 6.2b x
3. I24EN*12 FEEREE el 60 cases
DLC 7.1 * S+ o) 2 Al e F e (1 F—BE)
w L ETM456mis (3%+/-180 [E) 7.1a_x
2. EWM63.8m/s (3835+/-180 i) 7.1b x
3. 2 JEUN*(12 ERFEEH10 JEG*3 ) 196 cases
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% 6 I1EC61400-1 3%+ f 1 =4 [4]

Design situation DLC Wind condition Other condition Type of  Partial safety
analysis factors
1)power production 1.1 NTM Vi<V o <Vou For extrapolation of extreme events U N
1 .2 NTM Vin< thb< Vout F
1.3 ETM  VirVauo<Vou U N
1.4 ECD Vi V,—2m/s, V, U N
V,+2m/s
1.5 EWS  Vie<Vub<Vou U N
2)power production 2.1 NTM  Vie<Viuao<Vout Control system fault or loss of U N
plus occurrence electrlc.al network ‘
2.2 NTM Vi<V <V Protection system or preceding U A
of fault in hub’ out . X
internal electrical fault
23 ECG Viw- V.£2m/s and Vi External or internal electrical fault U A
including loss of electrical network
24 NTM Vi<V iuar<Vout Control, protection or electrical F
system fault including loss of
electrical network
3)start up 3.1 NWP  Vi<Voior<Vou 9] -
3.2 ECG Vi Vin, V,E2m/s and Vo U N
33  ECG Vi Vi V. E2m/s and Vo U N
4)normal shut down 4.1 NWP  Vi<Vio<Vout F
42 ECG Vi V,+2m/s and Vi U N
S)emergency shut 5.1 NIM  Viw- V,£2m/s and Vo U N
down
6)parked(standing 6.1 EWM 50-year recurrence period U N
still or idling) 6.2 EWM  50-year recurrence period Loss of electrical network connection 8] A
6.3 EWM  1-year recurrence period Extreme yaw misalignment U N
64 NTM Vi< 0.7 Vigr F -
7)parked and fault 7.1 EWM 1-year recurrence period U A
condition

BB

AIEH TELL DNV-GL /A SRR Bladed SR HBEHET EBRITSHT - HLERBPY RE TH%
SIS bR R AR E T - T LIS T R R A » S B RR 2
TR HETTTAE R HE A » I L e B A B TR B L T » B — A (ST
PRI TE 2 B S BT s R E i B = LB M P B T S TR A A 28
SIS A > BLATEH Rf - 35H B - # T (otor » £ 4k (hub)) ~ B 4(tower) - {EBh§H(power train » ]
SRR B « BLRSAA (nacelle) » FEE I BER BRI T ; BEE R IEAE TR b 25 control)
SRR (modal) » (8] DURRIER [A9H A B (wind)3st - ORISR AL e S TR
AT THRZIER o TP EIR MR 4% D RR S -

BEE DA SRR 272 TSRS 28 7 Bladed St TR » FEHIARTERT 2 AR
SRR » AAEBIEHE 2 B SR AR TERERRARAT - B 2 aiind o
7]« PSR - BB T - SRS R AR - EURATREHS L TEC 61400-1 515
BB TR S TR IR BT T -

RAFIIELEITH S ISR 725 (BT > SHEELL Class TA (V= S7Tmis, TL = 18%, V,,
= 114 /s ) SRR BTS2 ERIBH DNV-GL Bladed &t TEACH: i LE DLCs of
SRR BRI -

#7510 HIBHEEER L (blade root) ~ gL - BIE 24 - B ST (blade & bearing) bR HEAR
(nacelle) SIS 11 B AR AZER » 1 o S A TS AT FL % 7 151 T B A A (ELETRSSE DLC -
BEE 53 I N ST A T S 2 TR (R -
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% 7 #&*TLE §-F ¥ 13¥%(blade root)
Mx My Mxy Mz Fx Fy Fxy Fz
Load case kNm kNm kNm kNm kN kN kN kN
Mx Max 7.1b2 15 90 70 4544.9 -189.8  4548-9 -76.3 -13.8 -303.6 303.9 -33.1
Mx Min 6.2a_270 -4485.0 314.4 4496.0 98.1 26.2 296.3 297.5 -51.2
My Max 1.4Wind12.3 b -8 0 274.1 | 45063 | 4514.6 348 256.0 2127 2564 8624
My Min 1.4Wind12.3 b -8 0 178.4 | -3211.8 3216.8 730 -1397.7 -42.4 146.0 823.1
Mxy Max 7.1b2 15 90 70 4544.9 -189.8 4548.9 -76.3 -13.8 -303.6 303.9 -33.1
Mxy Min 7.1b2 15 0 80 -0.11 0.18 0.20 -19.2 7.15 2.40 7.54 5.26
Mz Max 6.2a 330 -2718.0 -102.7 2719.9 12.4 19.7 176.2 177.3 -31.7
Mz Min 1.3Wind 20.3 8 0 -224.9 1981.0 2989.4 -254.6 198.5 35.1 201.5 1340.1
Fx Max 1.4Wind12.3 b -8 0 274.1 4506.3 4514.6 -34.8 256.0 -12.7 256.4 862.4
Fx Min 2.1Wind 22.3 -608.8  -3001.8 3062.9 0.15 -140.3 47.3 148.1 824.0
Fy Max 6.2a_270 -4485.0 3144 4496.0 98.1 26.2 296.3 297.5 -51.2
Fy Min 7.1b2 15 90 70 4544.9 -189.8 4548.9 -76.3 -13.8 -303.6 303.9 -33.1
Fxy Max 7.1b2 15 90 70 4544.9 -189.8 4848.9 -76.3 -13.8 -303.6 303.9 -33.1
Fxy Min 7.1b2 120 15 291.8 436.6 295.1 -33.5 0.088 0.010 0.089 -18.9
Fz Max 1.3Wind 203 8 0 118.7 2947.9 2950.3 -225.3 194.6 -0.86 194.6 1428.1
Fz Min 6.1a -8 -1360.4 50.4 1361.3 -16.3 13.2 105.1 105.9 -58.4
£ 8 $E'TE f-HEk(Hub)
Mx My Mz Myz Fx Fy Fz Fyz
Load case kNm kNm kNm kNm kN kN kN kN
Mx Max 2.1Wind 20.3 885.1 -118.1 323.9 344.8 413.8 349.1 -18.0 349.6
Mx Min 7.1b2 0 0 70 -64.7 438.0 -43.0 440.1 41.7 0.33 -8.09 8.10
My Max 2.2Wind_12.3seize -8.91 5066-7 -459 5083.7 -40.4 -308.4 -211.0 373.7
My Min 2.2Wind 10.3feather 540.2 | -3970.8 -123.3 3972.7 75.6 -192.9 -2717.5 337.9
Mz Max 1.3Wind 24.3 8 30 -10.8 765.9 3100.6 3193.8 -122.9 274.2 49.1 278.5
Mz Min 2.1Wind 22.3 -5.19 195.5 | -2565.6 2573.1 -122.0 -302.7 139.5 3333
Myz Max 2.2Wind 12.3seize -891 5066.7 -415.9 5083.7 -40.4 -308.4 -211.0 373.7
Myz Min 1.3Wind 25 -8 0 -2.87 -0.15 0.085 0.17 1.6 2367 2422 338.7
Fx Max 1.4Wind12.3 b -8 0 313 611.9 614.0 866.9 651.7 -41.0 -353.8 356.1
Fx Min 2.3Wind14.3 0 -8 90 -19.1 344.9 -622.8 711.9 -387.1 226.7 -261.5 346.1
Fy Max 7.1a2 270 15 -4.35 469.9 114.3 483.6 21.8 567.4 -45.5 569.2
Fy Min 7.1a2 0 50 -10.6 2000.2 398.0 2039.4 146.8 -660.3 -129.0 672.8
Fz Max 6.2a 60 0.78 509.0 341.2 612.8 48.5 53.7 520.6 523.3
Fz Min 6.2a 330 -2.19 198.7 -598.2 630.3 9.61 -7=83.0 -523.0 529.6
Fyz Max 7.1a 0 50 -10.6 2000.2 398.0 2039.4 146.8 -660.3 -129.0 672.8
Fyz Min 6.1a -8 -2.10 444.2 -69.5 449.6 47.0 5.67 -5.39 7.82
%9 &L - & 3(Yaw system)
Mx My Mxy Mz Fx Fy Fxy Fz
Load case kNm kNm kNm kNm kN kN kN kN
Mx Max 6.2a 90 11933 | -2727.8 2977.4 1974.3 -1.07 -601.9 601.9 -941.9
Mx Min 6.2a 270 -1254.5 | -1863.2 2246.1  -2065.7 8.42 631.5 631.5 -945.0
My Max 1.3Wind 24.3 8 30 64.5 790.6 793.3 309.7 8.96 -56.0 56.7 -955.7
My Min 7.1a2 0 10 -82.3 | -53314 5332.0 132.1 257.6 53.7 263.1 -819.9
Mxy Max 7.1a2 0 10 -82.3 -53314 5332.0 132.1 257.6 53.7 263.1 -819.9
Mxy Min 6.1a 0 -9.31 -12.6 15.7 749.2 66.9 50.0 83.5 -567.4
Mz Max 7.1a 8 0 5764  -1249.4 1376.0 3471.8 158.0 -163.8 227.6  -1013.7
Mz Min 7.1a_8 40 -486.4  -1065.7 1171.5 | -3659.1 318.4 103.6 334.8 -754.0
Fx Max 1.4Wind12.3 b -8 0 200 -709.5 709.7 298.8 668.7 3.73 668.7  -1054.6
Fx Min 2.3Wind14.3 0 -8 90 -49.8  -3321.3 3321.7 -544.6 -473.0 1.18 473.0 -986.4
Fy Max 6.2a 270 -1254.2  -1771.7 2170.7  -2077.7 -0.78 631.7 631.7 -929.6
Fy Min 6.2a 90 11933 -2727.8 2977.4 1974.3 -1.07 -601.9 601.9 -941.9
Fxy Max 1.4Wind12.3 b -8 0 200 -709.5 709.7 298.8 668.7 3.73 668.7 | -1054.6
Fxy Min 1.3Wind 4.3 0 0 333 -2601.9 2601.9 38.7 -0.003 0.013 0.013 | -1021.6
Fz Max 6.1a 0 519.2 121.6 533.3 2179.9 759 -198.2 2123 -511.2
Fz Min 7.1a 0 50 445.7  -3436.4 3465.2 2445.4 134.7 -144.5 197.5 | -1350.1
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# 10 &'T{ F-F ¥ & ph-k(Blade & Pitch)
Pitch bearing 1 Blade 1 Mx Blade 1 My Blade 1 Mxy Blade 1 Mz

applied pitch (principal axes), (principal axes), (principal axes), (principal axes),
moment Distance along Distance along Distance along Distance along
blade=0m blade=0m blade=0m blade=0m
Load case KNm KkNm KkNm KkNm KkNm
Pitch bearing 1 applied  nax  6.2b_150_90 201.2 -565.5 3241.9 3290.9 -397.1
pitch moment
Pitch bearing 1 applied  nfip 6.2a_330 -132.4 643.0 -2630.0 3707.5 91.2
pitch moment
Blade 1 Mx (principal Max  1.4Wind12.3 b -8 0 -8.65 2125.0 -2350.4 3168.6 150.3
axes), Distance along
blade=0m
Blade 1 Mx (principal Min  1.4Wind12.3_b_0 0 16.1 -1709.1 3169.1 3600.5 -207.0
axes), Distance along
blade=0m
Blade 1 My (principal Max  7.1b2_15_90_70 76.3 858.8 4454 4 4536.4 -345.4
axes), Distance along
blade=0m
Blade 1 My (principal Min  6.2a 270 -98.1 586.8 -4443.6 4482.1 366.4
axes), Distance along
blade=0m
Blade 1 Mxy (principal ~ Max  7.1b2_15 90_70 76.3 858.8 4454.4 4536.4 -345.4
axes), Distance along
blade=0m
Blade 1 Mxy (principal  Mijn  1.4Wind12.3_b_-8 0 2.57 0.14 0.066 0.15 -2.58
axes), Distance along
blade=0m
Blade 1 Mz (principal ~ pMay 622270 98.1 586.8 -4443.6 4482.1 366.4
axes), Distance along
blade=0m
Blade 1 Mz (principal ~ jjp  6.2a_120 173.7 -367.2 4022.4 4039.1 -416.7
axes), Distance along
blade=0m
# 11 &'} §-$545(Nacelle) & 35 78 (Tower)
Nacelle Nacelle Tower Mx, Tower My, Tower Tower Mz, Tower Mx, Tower My, Tower Mxy, Tower Mz,
fore-aft side-side Tower Tower Mxy, Tower Tower Tower Tower Tower
displace displace station station Tower station station station station station
ment ment height=0m height=0m station height=0m height= height= height= height=
height=0m 62.97m 62.97m 62.97m 62.97m
Load case m m KNm kNm KNm KNm kN kN kN kN
Nacelle fore-aft Max  14Wind123_ 0.70 0.005 -345.6 43319 43320 263.8 643.2 1.79 643.2 -1065.8
displacement b -8 0
Nacelle fore-aft Min  22Wind_12.3 -0.70 025  -15259  -38013 40961 -1880.1 -446.0 205.4 4910  -1024.2
displacement seize
Nacelle side-side Max  6.2a 270 -0.052 0.83 | -52296 -920.7 52304  -2069.3 11.1 607.3 607.4 -960.7
displacement
Nacelle side-side Min 622 90 -0.097 -0.79 49315 -3653.9 49450 1854.2 0.63 5714 571.4 9463
displacement
Tower Mx, Tower Max  6.2a 90 -0.097 -0.79 49315 | -3653.9 45450 15842 0.63 5714 5714 946.3
station height=0m
Tower Mx, Tower Min 622 270 -0.056 0.83 | -52335 | -13002 52351  -2078.7 7.91 607.7 607.8 -948.9
station height=0m
Tower My, Tower Max  14Wind12.3_ 0.70 0.005 -345.6 13319 43320 263.8 643.2 1.79 643.2 -1065.8
station height=0m b -8 0
Tower My, Tower Min  2.2Wind_12.3 -0.70 024 -14903 -38059 40873 -1905.4 -476.7 200.1 489.5 -1026.8
station height=0m seize
Tower Mxy, Tower  Max  6.2a 270 -0.056 0.83  -52335  -1300.2 52351 | -2078.7 7.91 607.7 607.8 -948.9
station height=0m
Tower Mxy, Tower Min  11Wind 3 0_ -0.036 -0.001 0.96 -1.40 1.70 143.5 39.2 0.24 392 -1023.4
station height=0m 60
Tower Mz, Tower Max  2.2Wind_12.3 0.095 -0.044 29790  9691.8 10139 | 47142 147.8 -36.5 1523 -1048.2
station height=0m seize
Tower Mz, Tower Min  22Wind_12.3 -0.62 0.10  -6755.6  -34984 35630 | -5022.7 -430.4 88.2 4393 -976.9
station height=0m seize
Tower Mx, Tower Max  14Wind12.3_ 0.70 0.007 -493.8 43102 43105 298.2 646.7 3.53 6467  -1068.2
station height=62.97m b -80
Tower Mx, Tower Max  2.2Wind_12.3 -0.67 0.15 91464  -37397 38500  -4354.4 4777 115.9 491.6 -996.5
station height=62.97m seize
Tower My, Tower Min 622 270 -0.061 0.82  -51291  -1584.9 52216  -2081.6 2.09 608.1 608.1 9452
station height=62.97m
Tower My, Tower Min 62290 -0.092 -0.78 49507 -3263.0 49165 1972.8 3.30 -579.1 579.1 -956.0
station height=62.97m
Tower Mxy, Tower Min  14Wind123_ 0.70 0.007 -193.8 43102 43105 298.2 646.7 3.53 646.7 -1068.2
station height=62.97m b -8 0
Tower Mxy, Tower Min  11Wind_22.3 -0.071 -0.002 488  -1806.7 1807.4 69.7 0.000 -0.011 0.011 9875
station height=62.97m _-8 90
Tower Mz, Tower Max  6.1a_0 0.21 -0.24 15010 15835 21818 21777 73.0 -194.4 207.6 -513.1
station height=62.97m
Tower Mz, Tower Min  7.1a_0_50 0.13 -0.19 9626.1 12598 15855 24451 133.0 -136.3 1904 | -1351.1
station height=62.97m
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// \7.1 Run ‘7.1a 8 40 // \7.1 Run ‘1.1wind 18.3 8 60’
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/ \7.1 Run ‘7.1a 8 40 // \l.IRun ‘1.1wind 18.3 8 60’

3000

7.1a © il EGEE 45.6m/s (IR TEREL

Yaw bearing Mz [kNm]

4000 f f f f f f } f f {
0
Time [s]
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- S FEFEEE A
(-) E¥erkgmp

TR PR AV EE - B 10 2 = (EE Fsfilgiy DLC 1.4 ~ 6.2 LUK 7.1b B2 1EF 48§ DLC 1.1 AY#ELL
B o FHE IR EEAIRES - MmO AVEEAE 22 SRR R K - TE R MR & e = (B TN & gy
3 4500 kKNm #1755 (M,) » TE5 8l T 5= 549 1000 kNm > FHELES — ERfEEEfHEE Ny 1800 kKNm(£:3#
& 6)5 1T = EHVEhREE SR A - Hrp o i RRYERIRE#EGE 4 E DLC7.1b2_15 90_70 » & EZFFHE
AREET - g Al EE 63.8 m/s » EEEERZFG 15 [5 - fEgEs 90 [ - —9REE R &Rl H-R7E 70 ERYIR
RE TN PTEEAAVEE - 2 (E B ST e 24088 A m 2 E 0 IFE O TREIERE R RS T
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iﬁﬂ? R (EH 45.6 m/s $271E] 63.8 m/s » BE[AFRAEEE 15 E2 A ) il 22651 8 FERYRIfE 2 -
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/ \7.1 Run ‘7.1b2 /" \1.4 Run / \6.2 Run “6.2a  \1.1 Run
1590 70° ‘1.4 wind 12.3b 270° ‘1.1 wind 24.3
80 -890°

45+
40+

7.1 : b EE 63.8m/s {5 HE-HE ) /E A i
1.4 : 3T 12.3m/s W ?UDJ/zﬂ:

3541 6.2 : FRlHEGE STm/s (S b+

1.1: ,ﬂﬁ# 24.3m/s Tﬁ-:?‘ i

30T
25
20+
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|
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JEEELGEIN 15 mv/s)fin R E (b 58.5 [) - [FiRpfjse 4 A B ERIRIZIER (b - B 2RBEER 2k
RARHYEE - MEANEHIS EIERIE - SR RIS IR B AR BRR R IR & AR A TR
ZSRERCA TR R - AR R H B T SR N AT HERAYED - W EIEE /I  DLC 6.2a_270
AIEPH R 57 m/s 1 > EEERAE 270 FE(EZEIWARZR) - I ERIRZCRE(LAGIRIL - —BRESHER &
fik 4485 kKNm HYJJHE > 515 TR R ME Rl I ATRE N Ry Bl A PR B1R - 83 S S S S FEIE IR RR
=T PR EHE - DLEYSAE 4500 kKNm #EERVEDE - #IEE A T REEEEE R AL ERETRUE -

(Z) % AERE S

FAS R R DB EIR R SR IA - DU BT ISR > S5 AR LR UL R Z IR KRBV &
& RIHETER Fefa R4 IRER 2 - BPESURBRERIEE - 272 JEREVEE | e 240 2 0 T Wi (ragi
Hl > —(EESEIEAEEE) S EA SR HA—(EHB] - MR AT S5/ Nt oY — (B8 MR A ]
TEfESH(lock pin) - fLFYEER et T - AIERIBER T - REER el BEREEE - EEHE 2
[é] 7 SHEI BN T > RIZHEZE M, J5REIESE 7 R _EAVEEAE - (R4t R8 R 10) &G BEERAE
DLC 6.2a H;IRIT » BUE A% AE 400 kKNm > HE A TR My IR AR L — o FIRFRESR M.t
HIFE SHEE - NILERSZEREA AR S REHKZ - WISFHEE 400 kKNm BLEE 5 difK - e S
Tt E R - R EEAEREE Ry 2380  EIAGTRIR AT SR (F HIE S 220w A VA Fy 400 kNm/2380 > £ 168 Nm °
[ DLC 1.1 IEH DRSS SRR T > M, BEE P94 50 kNm > AR 2l {#4Y 22 Nm - BifE
BEBAEAE > 272 I RRHIIEAEEEA 32 Nm - HHUGEGERE N2 sy - [EEiEmED ~ERER
#y o TS — BRI E E S R AR E /D 136 Nm /EAAMRE 17 A BB AR b s B » &
PRIE Yy AR B T RAVAS IR o BRAURYERERE - ERISHUISEESE - BISIR - BAE RSV - [E 82
K5 DLC6.2 81 DLC 1.1 IEF S GRE)REE THY M, SEKELEE - IEFIRRE T » M #0 A 4ERFE IR #E A -



ol FESR L TEF/ S 54 5 1 A 2019 423 /7 38—55 53

Distance along blade=0m

/ \6.2 Run ‘6.2a 270’ // \6.2Run ‘6.2a 120’ 1.1Run ‘1.1wind14.3 8 60’
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