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Dynamic characteristics analysis of megawatt wind turbine drive train
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Abstract. Since the wind turbines are installed on the flexible support tower, the drive train of the wind
turbines runs under severe work conditions with varying wind directions and loads. So its failure rate is high
and it is the bottle neck of the wind power development. This work presents a study which takes the
coupling effect of oscillating of tower barrel and the twisting vibration of driven train into account. Using
the lumped parameter method, a coupled dynamic model for the megawatt wind turbine drive train is built
by considering the flexible tower barrel support effects. Then, the dynamic characteristics of the megawatt
wind turbine drive train are analyzed. The Campbell chart is used in this research to analyze the potential
resonance points. And the potential resonance frequencies between the cutting in and cutting out rotational
speed of the drive train are obtained. Finally, Simpack is used to analyze the dynamic characteristics of
drive train and verify the correctness of the proposed method.
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Fig.1 Schematic of the megawatt wind turbine drive train
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Fig.3 The topological diagram of the wind turbine
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Tab.1 Symbols in the topological diagram of wind turbine
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Fig.4 The topological diagram of the wind turbine gearbox
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Tab.2 Symbols in the topological diagram of wind turbine gearbox
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Tab.3 Fundamental operating parameters of wind turbine

i M ABE RS E BUERGE WA AR IRAER INRAE S R PLER e X

2 MW 3 6.6 m/s 10 m/s 3 m/s =97% =>97% 115.25 S XU 26 m/s
x4 HREEERSH x5 fEEhgEnEr 16 MEFME
Tab.4 Fundamental operating parameters of gearbox Tab.5 First 16 order natural frequencies of the drive train
24 %% (% I/ ik 1 2 3 4
KFH % 21 15 25 A% /Hz 1.69 35.5 36.6 54.2
TR TR 37 15 25 1874 5 6 7 8
7 el 96 15 25 Bi#/Hz  113.7 115.1 116.7 266.3
‘ BT 97 11 20 1874 9 10 11 12
GRS -
B % 23 11 20 Z/Hz 329 333.2 564.1 1017.2
N BT 103 8 20 187 13 14 15 16
K -
B 21 8 20 WiZE/Hz 1 019.47 1020 1 264.4 1 950.9
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Tab.6 Internal excitation frequencies of the drive train

YIANEH/(r « min™ ) e H#/(r » min~ ') Pl #553# /(r » min™ 1)

Wi H

1050 1790 1900
ms_1x 0.152 0.258 0.275
ms_2x 0.304 0.512 0.545
ms_3x 0.455 0.776 0.824
Ls_1x 0.846 1.44 1.53
Ls_2x 1.69 2.88 3.06
Ls_3x 2.53 4.33 4.59
1s_1x 3.57 6.08 6.46
is_2x 7.14 12.17 12.91
1s_3x 10.7 18.25 19.37
hs_1x 17.5 29.83 31.67
hs_2x 35 59.67 63.3
hs_3x 52.5 89.5 95
Lm_1x 17.77 30.29 32.15
Lm_2x 35.5 60.57 64.30
Lm_3x 53.30 90.86 96.45
im_1x 82.06 139.9 148.5
im_2x 164.1 279.8 297
im_3x 246.2 419.7 445.5
hm_1x 402.5 686.2 728.3
hm_2x 735 1253 1330
hm_3x 1102.5 1879 1995

e ems_kx FENE £ BRI, Ls_kx AREERNEE £ B0, is_kx HP RTINS & B FE A0 hs_kx 5 HURIZE 2
B 4, L _kx fIRTH L £ A5 M5S0, im_kx HPAIE & £5 W55 450 , hm_kx 5 4L & £ W5 40
#(k=1~3)
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Fig.5 The Campell diagram of the wind turbine drive train
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Fig.6 The multi-body dynamic model of the wind turbine Fig.7 The first 6 order natural modes of the

wind turbine drive train



http://gks.cqu.edu.cn

% 144 KRB, F AR AU AE 34k 3h S 45 5T 19

T BAE A BT A 1 TF M 2 RS £ S B R FH Simpack @7 T H T AL S BE R AR A 21K
Zh A BRANIEL 6 /s AR B R GUHT 6 B [ A SR N2 7 Fron X AR B AN 7 Bras . Al DU R AR
SR aE R S A BROTHT A5 R FEA — 20, [ AIEL 7 B 7R Pk BT DU R HC 3 — I 1A 90 5 Oy 85 £ ) 422 5
S DY 6 A A3 O B 1 4R 2 5 R AR AT R AR R S R O L TR S . INIET 5 /9 () L (b T LA L AR
Sl B S i [ A AR DU [ A 0 25 g 3 A AT AE B2 A S AL Sl i 18 P T LR s DR e B — PR S T
7 S (T T A e B

RT EEHERT 6 Y EHME

Tab.7 First 6 order natural frequencies of the drive train

Wk 1 2 3 4 5 6
i 2%/ Hz 1.69 35.4 36.4 55.7 113.3 115.8
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