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Fig.1 Index system for operating state assessment of
wind turbine generator unit

12 HESERNENSUE

AL ML F 5 2% e hn St B L2 H 40
B A AAE N T A S X e M 45 R An S i
SIAAHXT 2540 B 1) 43 BT 7 35 206 e 1k A7 05—k Ak
P OEFXEARSC 1.5 MW R ALA iE 1R S 1 HR AR S
L REWRLT 2 F S ENITE

a. X T REEAR K L R AR IR R bR S
B, A2 IAGH R ER A IR B 0 R I A K I H s AT IR
JEHR AR AE B T8 08 B AR Ak X R S HOT e Bl A

IEHBITHSEA A BLA AL AR E R 5
S G Bin J7 1 SIFISCHR [ 14 109 J7 75 X5 546 4 i
AT AL ER | ARAT K Ha HL A R Y — 43 B A | an & 2
Frs o Hwk B LA A DA XGE 5 3 B8 TR
JE R A AR R LA A SR A il 430 an =K (1) A
Kl 3 s,
max(7,25.97)

s<3 8 3<s<13.5 H T<-10
10.399+12.7657s*+0.6542T

3<s<135H-10<T<30

max(7,76.93)

3<s<13.5 HT>308 s>13.5
o X, Sy [R) B 25 XU RN B 455 i B B F BT 7R
TR WRLAAE s IRGE ;T IR

WL /°C
—

X21: (1)

90 80
Z
s 7 60
uc]
% 40
§ 20
- ;
2 REHHMARELEER
Fig.2 Results of data processing for
generator bearing temperature
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Fig.3 Fitting surface of generator
bearing temperature
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Table 1 Relationship between relative
deterioration degree and state level
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Table 3 Relationship between state level
and threshold interval
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Fig.5 Flowchart of operating state assessment
for wind turbine generator unit
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Table 4 Online monitored data of
wind turbine generator unit

Bl 1 i 2 il 3
Xu/C 32.6 30.7 36.8
X,/ C 38.6 40.5 67.6
X3/ C 39.3 38.5 48.2
Xu/C 35.6 345 36.6
Xis/C 34.2 332 39.1
X/ C 36.2 34.2 36.7
Xn/C 42.1 40.5 422
X/ C 42.5 433 46.8
X/ C 43.8 43.6 453
X5/ C 44.4 459 47.1
X3/ C 49.5 48.9 50.4
X5/ C 46.6 46.2 49.7
X3/ C 53.9 52.3 56.9
Xu/C 44.6 42.8 44.6
X4/ (r+min™) 1698 1708 1682
X/ kW 1392 1470 1574
Xy/ (%) 0 0 0
X/ kvar -44.1 -45.5 -45.9
X/ V 653.1 652.8 653.1
X4/ Hz 50.01 49.99 50.01
Xs/(°) -429 -430 -432
X5/ (%) 0.35 0.34 0.36
Xs/(°) 0.22 0.22 0.25

®,=[0.2804,0.3218,0.1333,0.1301,0.1344 ]

®;=[0.3582,0.2980,0.2030,0.1408 ]
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ws=[0.4900,0.3319,0.178 1]
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Table 5 Calculated correlation degrees between
index and state level

R fEbR i AT
2z I 23 24
Xu 0.6367 0.3633 0 0
Xn 0.1873 0.8127 0 0
X, X3 0 0.8953 0.1047 0
Xu 0.6467 0.3533 0 0
Xis 0.6120 0.3880 0 0
Xy 0.9933 0.0067 0 0
Xy 0.1520 0.8480 0 0
X, Xy 0.3167 0.6833 0 0
Xy 0.4587 0.5413 0 0
Xos 0.2667 0.7333 0 0
X3 0 0.8987 0.1013 0
X, X 0.5060 0.4940 0 0
X X5 0.6800 0.3200 0 0
X3 1.0000 0 0 0
Xa 1.0000 0 0 0
Xy 1.0000 0 0 0
X, Xg 1.0000 0 0 0
Xy 1.0000 0 0 0
Xus 1.0000 0 0 0
X 1.0000 0 0 0
Xs 1.0000 0 0 0
Xs X5 0.8400 0.1600 0 0
Xs3 0.8827 0.1173 0 0
Ko BHMUEEERTELNBERE
Table 6 Correlation degrees between
characteristic index and state level
I B AR
2z 2z Z3 24
X, 0.4356 0.5447 0.0197 0
X, 0.4651 0.5349 0 0
X; 0.4296 0.5341 0.0363 0
X, 1.0000 0 0 0
Xs 0.9260 0.0740 0 0
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Table 7 Calculated basic possibility assignments

A my(z:) m(0)
zy 2, 23 24

X, 0.3920 0.4902 0.0177 0 0.1000

X, 0.2840 0.3266 0 0 0.3894

X; 0.1678 0.2086 0.0142 0 0.6094

X, 0.8924 0 0 0 0.1076

Xs 0.3088 0.0247 0 0 0.6665

KR E 1,=0.4356 1, =0.5477 . u3=0.0197, BT %
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B ORI EE R AL AR BIK 2l i RO Y S
fbiash TEEE,
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Table 8 Comparison of assessment results

- AR IEAG 45
" TR 254 VA O ARk
W | [0.7145,0.2568,0.0235, [0.8734,0.1161,0.0041,0],
0.00521, 1% e 75 AW A o 0.0064
s o [0-3367,0.3474,0.1824, [0.2614,0.6147,0.1203,0],
0.11357, ek H15) KA 5 4 0.003 6
Bt 3 [0,0,0,1],/™& [0,0,0,0.1],™ &
XML B A TR A e W 25 A — 3, 5 SR A
?ﬂ‘ o

BlE 2 PR S SRS TR AR Bl R AR B E R
[0.3367,0.3474,0.1824,0.113 5, b it d5e KSR I 7
5 ROK S BE W& 18] 1) 22 ) IF A KRS S5 9 1A X

SR E/N O BEAT P B By i R A AR ST
15108 5 22 YOUE N Bl 46 /MR BE AR | LR AT R 5 2R

R SFER W X o KSR L 5] 03533, L AH He
T, XA 4 AR UE B B9 b O ik oA TR
BLOE X BE R A A KR AL B AR ST
fl AL T — o i SR

4 Zig
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4 ]| AR SORF 8 X5 20 A 7 ik AIE 9 238 1] AL
GUARZSIEAG b a2 B XURL 308 47 8088 1 R 1 &
PLA A T RBEE WA S & F R R E,
AL THL B AT RSG5 AR 734 5 1%
oy 3 TR 2 2 R Ak B AR 8 b 1) A 5 2 1 TR L
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Operating state assessment based on set-pair analysis and evidential reasoning
decision-making for wind turbine generator unit
ZHOU Quan',XU Qingpeng?,LI Jian', WANG Mubin',XIANG Chenmeng'

(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,Chongqing
University , Chongging 400030, China;?2. State Grid Chengdu Power Supply Company,Chengdu 610000, China)
Abstract: A method of operating state assessment based on set-pair analysis and evidential reasoning
decision-making is proposed to timely and accurately evaluate the operating state of wind turbine generator
unit,which establishes an index system according to the physical variables of wind farm SCADA system and
builds a two-layer assessment model. In the first layer,the set-pair analysis is adopted to deal with the
deterioration degree of index uncertainty for generating the basic probability assignments for the second
layer. In the second layer,the evidential reasoning decision-making is adopted to aggregate all the evidences
for calculating the membership degree of unit operating state. Based on the maximum membership degree
principle and the confidence criteria,the operating state of wind turbine generator unit is evaluated. The
operating state of a 1.5 MW grid-connected unit is assessed by the proposed method and the results are
compared with those by the traditional fuzzy comprehensive evaluation method,which shows that the

proposed method has higher precise and better performance in the trend analysis of unit operating state.
Key words: wind turbine generator system; state assessment; set-pair analysis; evidential reasoning

decision-making; correlation; wind power



