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Fig.1 Drive chain substructures
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Tab.1 Technical parameters of 8 MW wind turbine
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Fig.2 Dynamical model
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Fig.3 MPC connections of the gear teeth
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Tab. 2 Essential parameter of single gear drive system

SR FR AT F e M B %
4k 35 20
FEKL/mm 18 18
B K /(0) 22.5
REfR /() 13
3 /(r-min ") 600

2.3 RS540

2 B A0 3 B 5 1A A R B A R 3 s . i
e 3ATAL, O S ) RS VR T 23 OR 2B T Y A )
WA 3 0, Hodn B BN 172840 2= S, 55 3B 4R
397.43 Hz 3§ /N%) 381.65 Hz, Bk fb i % . K4k
55 3B AR YKL, H [ 4 W] Bl 4 SR T S B

®3 RERBELSHENEFMERN N (LA :Hz)
Tab.3 The effect of the polycondensation points of gear
tooth on the natural frequency (Unit: Hz)

. B A8 W 7
1R/ 2
04 14 34 54 G
1 340.66 335.30 334.05 334.05 -
2 342.74 342.76 342.76 342.76 -
3 380.40 397.43 388.71 381.65 -
4 529.06 527.78 527.73 527.71 -
5 560.06 560.00 560.03 560.02 -
6 766.63 766.68 766.65 766.64  766.80
7 840.93 949.56 949.68 949.71 -
8 948.90 973.82 968.36 954.32 -
9 1228.05 1228.19 1228.19 1228.19 1228.44
10 1336.22 1261.86 1256.53 1251.32 -
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Fig.4 Mode shape diagram
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Tab.4 Natural frequencies of the system

ik WA /He FHLJE H

1 0.0022 1

2 0.0055 1

3 0.0133 1

4 0.0326 1

5 0.0857 1

6 0.2287 1

7 0.2566 1

8 0.5505 1

9 1.89287 0
10 1.89344 0.0001
291 756.173 0.0199
292 763.742 0.0193
293 775.352 0.0202
294 780.908 0.0158
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Tab.5 Damping ratio range and physical significance
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Fig. 5 Energy distribution of system of different orders
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Tab.6 Frequency order after energy screening

B ik % /Hz Efig s/ (kin./modal)
11 42.805 1.0178
17 63.979 1.0445
18 65.608 1.0084
20 76.711 1.4719
40 121.670 2.7846
44 134.048 1.3382
49 144.938 1.8381
52 151.746 1.1845
54 158.300 1.1169
58 203.310 2.3668
79 222.252 1.0986
95 257.139 2.6932
110 292.340 1.0151
164 424.009 1.0464
169 453.759 1.6003
170 459.228 1.1779
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Fig. 6 Excitation components of the same speed level
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Tab.7 Summary of modal energy proportion

ik B R /Hz, M o7 35 4 it/ %
11 42.805 EAT h e 95.48
17 63.979 RETET PN 41.82
18 65.608 AT R A ke /i e 34.71
44 134.048 AT AL 21.75
79 222.252 B RATAER 29.77
164 424.009 5T R 24.73
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2 TR — AN AR AR R PN DT B s A A AR A, BB
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[ 22 5 R 8 R AR TE SR . S MW KU &
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e Y R G DUR N 7 9w o
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Fig.7 Campbell diagram of system
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Tab.8 Potential resonance points of system

i ANFEH/ .
N E TCIEL s 3 gy 5 Y
Bk Jf)ﬁ\ifj/HZ (remin 1) {g‘il)_ﬁ]ﬁﬁ: %;I:
44 134.048 14.14 1 9% 1 8
44 134.048 7.07 %A
[5] AN A
..... 44134048 a7l ooap, o PR
79 222.252 11.71 e e
79 mpas2 T8l an RS
164 424.009 14.90 5 R R 5
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Fig.8 Mode shape corresponding to resonance frequency
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Tab.9 Details of potential resonance points

AR/, W fEkdtk
(remin ') KA R4S

FH Bk B /Hez

35 116 4.02 fom &
85 239 4.14 3 &
85 239 8.28 2/ 7
JrE— 42 133 4.68 3 %
42 133 7.02 26 =
42 133 14.03 fom %
159 426 14.98 3/, &
AAAAAAAAAAAAAAAAAAAAAAAAAAAA e
R 34 112 3.88 £ &
159 422 14.84 3, &

F10 RUBEHERRE

Tab. 10 Total box mass before and after optimization

251 MR/ kg W /kg g/ %
i) 40791.572 - -
LR 45152.978 4361.406 10.69
HE— 41587.576 796.004 1.95
5 & &

LEEmMBMZARS S w A AL TR 8 MW
RIS S ALEY 22 AR B Jy 2 R, 25 1 T 23k
FAEFIA SE AT A2 WETE 1 58 1A Kb A 1] 4 5% A
WOt RGBS WL A MRS RGP S L R 0
R T A AR AN 52 58 04 6 SR BGE T RR A R
G YR A 3 v e A b AR TR R B AR X A 1A 46 2R
RO, B3 40 5% s B n 22 s/ N 3

H IR R SK i 1 22 GE T 294 B [ A7 455, R
R 2 B R B TR G 6 A A IR A
I 35 50 M MOS0 A 8 72 2 A E B bR . ARG
W5z L IR 8 4 2R RS R 3 B 4 SR X AR e T Ay
DU, X HE T A A A BE JRE A k5 B A AR IR A P AL

B BB AP A T 5 S B R D7 ik A )
1 Bl i B A B SR A B RO AR U T 0 R 2L
Feo WEFEEE AT LRy KA KB 2 Z2 R 8l g~ i
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Modeling of large-scale wind turbine drive train and methods of

resonance identification and model optimization

YAN Qiang, WEI Jing, ZHANG Shijie, GUO Jian-peng
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: To analyze and optimize a large-scale wind turbine accurately, this paper considers the flexibility of the main shaft and
the full flexibility of the gear transmission system, and establishes a flexible multi-body dynamic model of the drive chain of an 8
MW wind turbine. The effects of number of condense points on the gear system modal are also studied. The natural frequencies of
the system are obtained, and 6 dangerous resonance points are identified by applying five screening principles. Based on the charac-
teristics of the resonance points, the gearbox model is optimized by comparing two methods. The number of resonance points is re-
duced to zero by optimization. The results can provide a reference for the dynamic modeling and optimal design of large-scale wind

turbines

Key words: flexible multi-body dynamics; large-scale wind turbine drive chain; potential resonance point identification; dynamic
optimization and designing
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