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Evaluation and analysis on the extreme load of wind turbine blade

PANG Xiaoping ., LIANG He , CHEN Jin, DENG Bo
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Abstract: According to the international standard of German GL 2010, a wind turbine of 850 kW is applied
to the corresponding wind power generation unit and its situation of pneumatic rated power and sympathetic
vibration is analyzed with Bladed software. The result verifies the reliability of wind turbine in
operation. Further, after all the wind regimes in GL standard are calculated and analyzed comparatively,
the extreme wind regimes which mainly influence the aerodynamic performance of the wind blade are
obtained, namely, Dlc4.2b, Dlcl.3a, etc. Later on, the evaluation criteria of wind turbine blade taking the
load of blade root as standard are established and implemented with the built-in demo data of Bladed
software to testify its generality. Then based on the above evaluation criteria, extreme loads of the
850 kW’s blade root is computed and it’s found the extreme swing load is 353 663 N » m, which is 2.5%
lower than its designed value. The result verifies the security of the blade in operation and the reliability of
the evaluation criteria.
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Fig.1 Velocity triangle of induced velocity in the blade section
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Tab.1 Basic parameters of a 850 kW wind turbine blade
\ B A B R
e = B /m ZEK/m fHAMA/O W%
FE B
1 0.0 1.436 0 100
2 0.5 1.436 0 100
3 1.0 1.492 8 12 94 352
4 2.0 1.649 1 12 82.34
9 4.5 2.65 12 39.2
Ry
10 5.0 2.623 11.367 37.69
11 5.5 2.858 10.788 36.4
12 6.0 2.539 10.253 35.26
13 6.5 2.487 9.754 34.25
55 27.0 0.64 0 18
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Fig.2 The model of the wind turbine blade based on bladed software
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Fig.3 The power curves of the wind turbine blade Fig.4 The Campbell diagram of the wind turbine
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Tab.2 Extreme conditions in several sections of the blade

M H24E/m M, M, M., M. F. F, F., F.
R=0.75 Dlc4.2b  Dlcl.3a Dlcl.3a  Dlc6.1b  Dlcl.3a Dlc5.1a Dlc5.1a Dlcl.3a

R=1.5 Dlc4.2b Dlcl.3a  Dlcl.3a  Dlc6.1b  Dlcl.3a  Dlcd.2b  Dlc4.2b  Dlcl.3a
R=2.5 Dlc4.2b  Dlcl.3a  Dlcl.3a  Dle6.1b  Dlcl.3a  Dlc4.2b  Dlc4.2b  Dlcl.3a
R=3.5 Dlc4.2b Dlcl.3a  Dlcl.3a  Dlc6.1b  Dlcl.3a  Dlcd.2b  Dlcl.3a  Dlcl.3a
R=4.5 Dlc4.2b  Dlecl.3i Dlcl.3a  Dlc6.1b  Dlcl.3a  Dle4.2b  Dlcl.3a  Dlcl.3a
R=5.5 Dlc4.2b  Dlcl.3i Dlcl.3a  Dlc6.1b  Dlcl.3a  Dlcd.2b  Dlcl.3a  Dlcl.3a
R=8.0 Dle4.2b  Dlcl.3i  Dlel.3a  Dlcl.3b  Dlcl.3a  Dle4.2b  Dlel.3a  Dlcl.3a
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Bk

MEEZ/m M, M, M., M. F, F, F., F.

R=13 Dlc4.2b Dlecl.31 Dlcl.3i Dlcl.3b  Dlcl.3a  Dlc4.2b  Dlcl.3a Dlcl.3a
R=18 Dlc4.2b Dlecl.31 Dlecl.31 Dlcl.3b Dlcl.3a Dlc4.2b Dlcl.3a Dlcl.3a
R=27 Dlc4.2b  Dlcl.3a Dlcl.3i Dlc1.3b  Dlcl.3a  Dlc4.2b  Dlcl.3a Dlcl.3a
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Tab.3 Basic parameters of extreme wind conditions for the wind turbine blade

SR R/ B XR A B A RGH/ iR 22/ R

B - - ) BITRO KL VAR IR
(mes ) (mes ') (mes D) deg [8] /s
Dlcl.3a 8 15 23 —30 10 WA 7 AL
Dlcl.3b 8 15 23 30 10 X B & um A T AR R
Dlcl.3i 10 15 25 —50 10 K 4 R
Dlcl.6b 10 9 10 0 14 IEHIBIT Wi 17 FE X % B 2K oy
Dlc4.2b 11 7.1 10.5  IEEEN WGBSR TE 5 A% i

M8 2 A 0. A P A 3 E 5 00, XM R 52 e e KA T 0L A Dled. 2b. Dlel. 3a, Dlel. 3i, Dlel.6b,
Dlcl.3b, X JUFPf THLH) PR (5 B AE R 3 FIFANRAR ., J T 3 — 25 56 UF 3% JL PP A BR T 00 1) 35 22 44, 28 4 X
Bladed 3 {4 A 47 19 demo $H 75 15 & 2% #FAH 7] 09 1 00 N A7 I3 13 8 T 53K 3 — M B RARBR T4
T U B 2 A e R PR T A AR L
3.3 MREBREHT

M1 2% 2 N3 3 TN, 51 & KT LA BIR 48 i S 2 22 9 T 00 BLAE Dled.2b I Dlcl.3a, 3X 2 Ff XU #5 A2 B
o Hop A I 1 AR A R AR st A T B RFE LB B S 8 m/s X KU LI R 5 ) i K s A 3 38 AT B JRUFE XL
Sy 11 m/s 6 s e g R . 1 I KU ) AL 4 BT AE B A8, Dled. 2b F Dlel. 3a i 24 17 &0 W & 5 A& 6
IR .

x 6
1.5% 10

——M
—FRPEZ

) W AN
T T T

-2
_30 5 10 15 ZOB'j‘ jZS 36 35 40 45 50 _10 1-0 2-0 3-0 46 5-0 %0
[/
Fls i l/s
5 MHAMRATE Dled.2b TR THESEE B 6 RHMRAZE DLel.3a TR THZ4EE
Fig.5 Bending moment diagram at the root of the Fig.6 Bending moment diagram at the root of the
blade under the condition of Dlc4.2b blade under the condition of Dlcl.3a
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Fig.7 The gust models of Dlc4.2b and Dlcl.3a
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