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Fig. 1  Evaluation indices system of direct drive wind turbine
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Table 1 SCADA data of a 1.5 MW WTGS

RESH T, T T T, T T T T
un/r+min” 17.29 17.3 17.30 16.88 16.82 17.30 17.29 17.29
il C 72.4 78.6 81.6 82.9 83.9 85.0 85.8 86.5
wai/A 1369.93 1389.11 1384.46 1388.46 1378.97 1383.97 1385.13 1356.69
sV 367.26 365.6 367.79 368.32 368.56 368.35 368.08 367.80
wy/mme s~ 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.07
o/ (©) 216.41 210.28 212.89 212.96 212.97 221.48 214.49 214.05
s/ C 26.3 24.5 25.4 253 25.2 25 24.9 24.8
s/ C 29.7 28.0 29.0 28.8 28.6 28.6 28.5 283
1l C 38.7 38.1 38.5 38.6 39.5 39.4 39.1 39.5
ualC 55.9 59.7 56.5 58.5 59.1 59.7 66.2 138.1
sl C 30.9 313 31.5 31.6 31.7 31.8 31.9 32
s/ C 40.0 40.5 40.5 40.5 40.5 40.6 40.6 40.8
sl C 334 33.8 34.1 34.0 34.0 34.0 34.0 34.1
sl (©) 3.74 0.54 4.76 1.42 1.83 0.01 5.27 41.24
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Fig. 2 Wind power scatter diagram
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Table 2 Correction temperature and correction threshold

. T IE T
RS bR ‘ ,
B BT B T, T, T
un/C 86.8 62.31 2.0 -35.13 10.05 22.58 37.54
ux/C 20.0 6.01 -1.9 -4.81 2.63 2.28 3.34
us/C 23.3 12.40 7.6 0.24 9.15 9.02 10.54
uss/C 37.7 35.07 19.3 8.01 12.34 13.86 17.67
unl/C 79.5 31.88 -23.9 -10.96 -0.06 18.50 25.21
us/C 29.5 19.83 -1.5 -3.69 9.35 9.24 11.98
uslC 40.5 29.74 5.0 -0.29 16.3 15.06 19.10
uwl C 329 18.22 -2.5 -6.30 9.41 8.68 12.29
WG SCHR[ 14 TR BB Ik UL T2 g, =[0.69,0.55,0.51,0.61,0.92] . & FAlifa b .+
B, %5 R A LN : g, =1059,048]5 g, = RGMER WSS RN 3 FIR.

[0.90, 0.002] 5 g, =[0.02,0.19,0.66, 092, 0.22] ;
#x3 EMERNE

Table 3 Weight of evaluation indices

i AHP A TRAU DSm'T fil 5 A
: A, A, A, A, A, A,
U, 0.27 {0.2,0.8} 0.30 {0.16,0.84} 0.28 {0.09,0.91}
U, 0.08 10.33,0.67) 0.33 {0.9984,0.0016} 0.18 {0.08,0.92)
{0.11,0.23,0.11, {0.27,0.7,0.02, {0.206,0.022,0.164,
U; 0.12 0.20 0.12
0.44,0.11} 0.0065,0.0035} 0.584,0.024}
{0.05,0.18,0.07, {0.7,0.03,0.03, {0.484,0.059,0.015,
U, 0.53 0.17 0.42
0.14,0.56} 0.01,0.23} 0.037,0.405}
KA HLADRSTEN 25 R M IEH ER HH 0.011,0.013]. AW 4 MRS FEHFE - #H
Sy, A [ RO A AR gk 4 iR S (N=1000) , ti &l 4 F%
F4 RKEBHARSITFNER Lo
Table 4  Condition evaluation grade of wind turbines 09!
% LB RAsHA ol
(0,0.2) IERARES 1B TR E 1 0.6
e , ® 5]
(0.2,0.4) VERDARES , 7 I3 %02
. K7
(04.0.7) SRR Tl HE LG Toal
(0.7,1) PR, 77 RIS HLR 1 o E
e e A T Ry 2 A ol et
AR 2.3 95 52 Hh 0 1 2 2 R BT R A 1 1 000102 03 04 05 06 07 08 09 10
FE T, 75 B AR G0 A S M ORI 3 FHHLE
KRB S, B E e,=2, e,=1, %0 4 MIRESE El4  SITMERIES BB (N=1000)
ﬁ E/(J ﬁ ? % ?E ﬁj\ 7E'JIJ ﬁf] . Ex= [ 0,0.3,0.55,1 ] s En= Fig. 4 The normal cloud model curves of each

[0.142, 0.125, 0.125, 0.129] ; He=[0.008, 0.003, evaluation grade(N=1000)
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H T 22 S e R LA A E {1 A B AL, 45 55
P RE BALE T A RAA(8), TR 100 115345

1 FRCERE L SRS T RE LA IRE IR
J& R, =t (16) s

ROFBEENREN ZRIBE R, o 7 RGRIE B, 0 0 0031 0893
BELA 2 7 ], 412 (12) 50 (15 B3+ R,= g: =000 2 B2 D00l (16)
Rl7=_8 0-%02 8:(2)% 8:;2% (12) B,| 10.106 0912 0.188 0.002

R27=_ 0 0 0.023 0.737] (13) %Eﬁ%?ﬂ%%?&?ﬂ@ﬁﬂjﬂ:44\%?’.}ﬁ@%%
0.999 0.063 0 0 | VAN SR B B, in=C(18) P
[0 0.001 0263 0.163] C,=w'R,=[0362 0.026 0.057 0.400] (17)
0 0 0.065 0478 -
R, =10.041 0900 0301 0 (14) Ve KSR B I B 8 T ~T, R i [a) B N Y
_0.4%52 8:(6)% 0.814 8 l PRATERR, AS% S P
0 0 0063 0487 HIEM R iz T8 T, i 2], JLgiRas e
R _8 8-8;421 8-%1(5) 8-83§ (15) KAEL . I HNHZITF G LADIRES B2 T
"o 0001 0250 0.175 Fekas, 2T, BHZINLIRAS T ™ ERA ILAF
1 0057 0 0 ARSI IR R 75 50 B HAAE DR S . 456 B L
R5 T~T, HLZFHER
Table 5 T\-T; moments evaluation result
5 H AL
SRFERT Z T, T T T, Ts T, T
A [0.3680.269, [0.362,0.272, [0.361,0.071, [0.240,0.463, [0.290,0.237, [0.193,0.121, [0.362,0.026,
0.113,0.264] 0.095,0.292 ] 0.281,0.277]  0.338,0.025] 0.394,0.029] 0.433,0.174] 0.057,0.400]
RAFR IEFIRE IEHARAS IEHARES TR SRR SEEIRAS JEERAS

HY ik A B AT LA 148 LT 2013 4F 5 H
31 H 00:47:21 & H 3#748 3 B AILIR B = A0 R4, H))
T,~T, W20 2 [8] A A, S SO ik irah R —34
32 SRAERER

R T B EAS SCA AR H B B AR ) P,

JEE T RS S A AU A SR 2 T RS
TR AHP AR AR AU 1 D1 B B A Sy %o 1
K UE Rl A BIE AR S PPN A B o SR
RO A IE S BB 45 R 5% 6 s, JFFER 5
WA B F AN DT IE RIS o

Fx6 T~THZSRAMWIFMNER

Table 6  T-T; moments evaluation result of the reference group

i H TR

SRFET %] T, T T T, Ts T, T

AHPE [0.479,0.236, [0.391,0.328, [0.414,0.282, [0.358,0.347, [0.446,0.204, [0.380,0.270, [0.230,0.125,
0.167,0.116]  0.241,0.07]  0.194,0.08] 0.250,0.03] 0.375,0.022] 0.299,0.058] 0.177,0.402]

REHR IEHIRAS IEHIRA IEHIRA IEHIRA IEHIRA IEHIRA PR

— [0.042,0.330, [0.043,0.162, [0.052,0.164, [0.037,0.333, [0.101,0.259, [0.006,0.153, [0.041,0.027,
0.332,0.321] 0.379,0.288] 0.436,0.280] 0.521,0.033] 0.595,0.027] 0.707,0.065] 0.384,0.414]

REHR SRS SRS SRS SRS SRS SRS PR

AR LA b 23 al R et R R T 5 | A
b, He g e f Rz i 5 ALy . mARSR AT AHP AL
BN BURCE B PEAN O7 I — E R LR BE T 25
feaF 5 AHP BUE X 25 (R IRETEO iR i 1, &

EHLAH AT BE RN [E] A o A8 AT s AR X T 45 Atk
Bad THUR AR EI2PR B DL

ELE (4 £ BE R 3BT DAL IR 45 2R, B T AHP
PERT T Uy ~ Uy I Uys SN B AR H Y
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NORMAL CLOUD MODEL FOR CONDITION EVALUATION OF
WIND TURBINES BASED ON FUSION THEORY

Liu Huaxin', Yuan Yiming', Zhou Pei', Zhou Weiwei', Zhang Muyong®, Han Zhonghe'
(1. Key Lab of Condition Monitoring and Control for Power Plant Equipment , Ministry of Education, North China Electric Power University ,
Y g quif Y y
Baoding 071003, China; 2. School of Quality Supervisor, Hebei University, Baoding 071003, China)

Abstract: Aiming at the problem of insufficient objectivity in the determination of key parameters in the current status
evaluation of wind turbines, and the requirement for accurate understanding the degree of deterioration of key
components, a comprehensive evaluation method for wind turbines is proposed based on evidence fusion theory and
normal cloud model. This method introduces the concept of correction temperature, which uses the ambient temperature
(T.) and the active power (P) to correct the temperature parameter to determine the correction threshold and the PCRS
fusion rules in DSmT theory is introduced to fuse the weight. The 3en criterion is used to determine the numerical
characteristics of the evaluation model, which improves the objectivity for the determination of the key parameters in the
model. Finally, the SCADA data of 1.5 MW direct-drive wind turbine in certain wind farm are used to verify the method.
The results show that the proposed method can reach the conclusion that the condition has been decreasing gradually
before the failure occurs, and can send an alarm to the early defects of the unit, so as to achieve the purpose of early
warning of the whole unit and have the guiding significance for the operation and maintenance.

Keywords: condition evaluation; normal cloud model; DSmT; correction temperature ; condition warning



