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Abstract: Considering the structural characteristics and both internal and external excitations of offshore wind
turbines, a rigid-flexible coupled multi-body dynamic model for large-scale turbines is established. A

comprehensive performance evaluation method is proposed, integrating the interpretive structural modeling(ISM)
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technique with the analytic network process(ANP). A multi-dimensional performance evaluation framework is
built, including five primary indicators and eleven secondary indicators. The ISM method is employed to analyze
the interrelationships among evaluation indicators and to develop a multi-level hierarchical structure for
comprehensive assessment. The ANP is then used to construct judgment matrices, supermatrices, and limit
supermatrices, through which the weights of evaluation indicators are determined. Based on these results, the
comprehensive performance of offshore wind turbines is quantitatively evaluated, and a comparative analysis of
two turbine models is conducted. The results show that the most influential factors affecting overall performance
include blade length, time-varying reliability of bearings, gear contact fatigue reliability, and unit megawatt
weight. Additionally, the 5 MW wind turbine demonstrates superior comprehensive performance compared with
the 6.2 MW model.

Keywords: wind turbines; comprehensive performance; multidimensional evaluation indicators; interpretive

structural model; analytic network process
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Fig.1 Coordinate systems of wind turbines
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Fig. 2 Simulation flow chart of wind turbine system
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Table 4 Average random consistency indicator R,

n 1 2 3 4 5 6 7 8 9 10

0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.46 1.49
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Fig. 5 Blade tip offset coefficients under complex environmental loads
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Fig. 6 Gear reliability under complex environmental loads
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Fig.7 Load-sharing coefficient under complex environmental loads
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Table 5 Evaluation of membership level

P e %4 P — R L%
P A o 0~20 20~40 40~60 60~80 80~100

BT AL AL Z5 A PR BE TG 19 ANP ALY, SR e ZE3T 20, A 4% G A b (0 AH REAS EE < AR R — SR AR L
FHEL RS S TUGAR B 7L X FEHEAT P23, 45 242 i J= — s b i F BT RE R, A 6 i s

xo EHE-—REMNHAHEESNERE

Table 6 Judgment matrix and weight vector of the first level indicators in the control layer

D, D, D, D, D, w

D, 1 1/3 1 1 1/3 0.106
D, 3 1 5 3 1 0.355
D, 1 1/5 1 2 1/3 0.114
D, 1 1/3 12 1 1/4 0.090
D, 3 1 3 4 1 0.335

mRX (31 A4, =5.11,C=0.025,R=1.12,C,=0.028 < 0.1, 1| W 4 4 8 i — B MR

PO 28 5 1) 48 A AN T TE — AR bR N (0 E SRR BN AT A E 10, T R AR bR T i 48 R T R TH Y
FE L0 OC ZR o 45 B 2.1~2.4 795 A4 8 1) 405 B2 40 B L] 35 0 B A ISMLASE 80 45 3] — 2% 48 s 1] 1) AH B 52 Wi OC 2/, 4N
K8 T o R F 545 )2 — A6 Ar AR [R] A9 A R 115 0 v F T 245 )22 A s 1 1) T 6 o, 0 L AT — 3L
PERG IR LART SR Ay 4], T %) S BT R A e e AR T BT

8 “RIBRERE

Fig. 8 Secondary indicator relationship
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Table 7 Judgment matrix and weight vector of reliability

DZ] DZZ D23 W
D, 1 2 1 0.411
D,, 1/2 1 1 0.261

D,, 1 1 1 0.328
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X (32) %5 4,,=3.05,C=0.046,R=0.58,C,=0.046 < 0.1, J| Wi 4 |4 3l 3 — B 56 .
MR AL I A I 285 2% 48 s 1 ) W7 4 B O R A7 — BROPE A 0, 422 35 SR A ) 28 IE I RSGRE 4 4 R i B 8
[, £5 3 2% 35 bR 09 A X AL T . w=(0.081, 0.152, 0.130, 0.085, 0.103, 0.090, 0.090, 0.047, 0.042, 0.045, 0.134),
B 245 3 KA WL 25 A Pk REVEAS AR, 4N 8 T/ .
*8 REHASSMEEITHENE

Table 8 Weights for comprehensive performance evaluation of wind turbines

— AR bR TR PR AL TR Jey HR AN 4 JRy A
D, 0.167 0.081
o 100 D, 0.833 0.152
D, 0.411 0.130
D, 0.355 D, 0.261 0.085
D., 0.328 0.103
D, 0.500 0.090
D o1 D, 0.500 0.090
D, 0.633 0.047
D, 0.090 D., 0.106 0.042
D., 0.260 0.045
D. 0.335 D, 1.000 0.134

Ry B UE BT AR PP AL 5 1k B A O BRI 1.6 TR LAY 5 MW 5 6.2 MW RUFR HIL AT B ATLR Y Sy B SE 6 52, 45 5
2 M LA 2 PR RE AL 45 2, W3k 9 FIAT 9 o7 .

R EXTBEHETRENANES R

Table 9 Comprehensive performance of wind turbines under complex environmental loads

— G Fa T 5 MW UL HLZH 6.2 MW K HL ML AR bR 5 MW XUHL HLEH 6.2 MW XL H HIL 4
D, 6.818 6.491
D, 18.657 19.083
D, 11.839 12.592
D,, 9.672 8.383
D, 25.275 22.167 D,, 6.761 6.013
D,, 8.843 7.771
D, 7.241 6.188
D, 14.958 12.803
D, 7.716 6.616
D, 3.288 2.841
D, 10.137 9.067 D,, 3.170 2.904
D, 3.679 3.323
D, 10.903 11.682 D, 10.903 11.682
U 79.930 74.802 U 79.930 74.802

o ORI, 5 MW XURS HLZE 7R AT 58 1 2 4801 RE AHLAE 4 3 55 05 U T 6.2 MW IXURE HILAL, {ELTE I 2R i
e RBOMI A FART 6.2 MW KHLHLZH . |1 & 5 F13 9 Al 1, 2 XU FB AILZH P B 25 9 24 o R 47, JF H 5 MW XL
AL ZE S TEREDL T 6.2 MW XU HLALAL .
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Fig.9 Comprehensive performance of wind turbines under complex environmental loads
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