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Fig.1 Single-line diagram of Dongao Island medium-voltage microgrid



F118 XS AP I P 1 25 o R 40T T ®

wEa o e [ s P DFIG 76 KUGHAE 3 T 5 S0Hy th 3 5 0 Dk
EZ0° Ry JAuid +14) R, 1AL N R/s Ao . ﬁﬁj%ﬁ%ﬁﬁ%m’]‘%ﬁ%ﬁﬁ%ﬁ,FEHM%%I@
MG CEATENE S =

@ ULa .3 iXn

N . Xﬂ
wrm
A5 08

B 2 DFIG # N 3 R I Y 5 %0 Bk ]
Fig.2 Equivalent circuit diagram of
microgrid-connected DFIG

2 1 LA R KL M sl B R IR . DFIG 1 5 2 {2
(FHBT Za= R i+ jX o) EFE BV O B2 1
W BT, DFIG 13 A G HL W &R 48 D) 548 4k
If, 2 LR % By ™ A AT 284k 78 UL T
S L R AR AR R 22
AU= (R o+ X wa) (AL +]AI) =
‘Zgn.d‘ (cos@+jsing) | Al | (cos@+]sinf)=
Eéis“[cos(qo+0)+jsin(qo+9)] (1)

k

Hop AS, B DFIG 1 A TR AR AL S, Ry I W 55 4
B o I DFIG #: A SF AW W 5T ;0
A DFIG WD 25 A

B AU 2 o AU, AR AUy, 00T
H—1k .

AU _ L (APR,,~AQX,.)
E | Z,ya| S 2)
AU _ L (APX..+AOR.,
E ‘Zgﬂ-d Sk ( gﬂd+ Q gﬂd)

— B H | H R AR A R S B AUy 7 LR AR
25 AESEBRA e AR AR R LA Z00E T e R S Ak
HIMEE F 2RI AU 2, AP 5 AQ ZIHIF G
FZPET DFIG BT R HHL,

1R GEAR T H Y T 2R B S8 R o> X g, LG TT
ZWE T IR AQ 7= A R T AR AL A &
S MR RO T A T, 10 kV T R
HL IO P 2 B S R pia~ X g, B BLBIR S 51, Th I
F PR L BRI 00 R I 2R Y R [ B S22
A IS e s, Ha(2) Al W DFIG 75X
PR BT A H RS S e A SR R A R
/N DFIG 5 Bl H W 2R 40 Bk 2% 26 1 B 4T = 80 A K
DFIG M Z RN ER N H I E R

3 AR MERSEERELRE G R

3.1 IMAZhEETEE IR I SRR

Pl FL P R e 4 9l & AL H R R B R
A s FL S IR TR A X A ) 7 R % ol F TR 25 iy
KHHLE DFIG ¥R & AHEE 4.34 km, DFIG Jf 9 £
T7C it R 4 3l e L AL TG 3 O I s Rl R AT P T

B2 (2) AT X T B D R L BGE 1T 1Y) DFIG,
AQ=0;#% AP=0, 7 fli AU=~0; H It , K Pk 8h it
T T o 35 A e 2R G D B DFIG 2% 0 A U/
AP, FTAT BT S R B3 AU, H538 RE /E
SRR E

B X R R 2 47 07 2R, e h /N Bl i R
Rt Y R P T R AR AR R S X B AR L
BT K LA SR H O R e i 2 an il 3 TR
Gt B R B B IR T 709% MG ZE b T
20:00 2 H 08:00, & JEA M & 1 E X I B
KB e R E 110 N HE S AN s i R RS
BRI RIS R 1 R,

1000

600

1)])}‘[(; / k W

200
00:00 04:00 08:00 12:00 16:00 20:00 24:00

t

B3 REBRHEM DFIC 22 B H R
Fig.3 Typical daily output curve of DFIG of
Dongao Island microgrid
F 1 BITAXREES /N BB ERE LR IE 6 R
Table 1 Operating modes and enhanced voltage stability
control strategy under small disturbance

. B47 75
iR Kk — INF R — TR
ERmE Sk mOLA SemkmAla Sk malal
. THZFRN EHEAFXKE (GRS
I 4
sl 2 o AL (20%~100%) (20% ~100% ) (<20%)
DFIG WD N JAPN
HRER S e Fou Foil iz
;A 2%600 hp 600 hp 600 hp
- ffF R L R L L B HL L
UARE
s
i 0.56 MW 0.38 MW 0.38 MW
AMESIIBEGE RAEPIAL  BREEPIML
BRI TR R By =

KA —5/NMFN—T  fhe R 5 5k F ik
70 IR AT 1 R T 0 2 A Re AT T D) R 45
B A E A Y2 %05 DFIG it A DR 2z
2 (AP=0), /MR = GEH B BAERE ) T 8 i e
AR REAL AP, AT /N AU Ty SR By A s
FEL R 7 g7 55 /0N S 2 r LA e KGR 3 3 T 2 5 e
B AR B AT X [R] PRI O I Tkt A UBTL A 2 ) £
DL S K AL K R a8 17,

32 HiittEEEEIREEH

i BE RGN & 7E DFIG F M 25 B3, 5 DFIG Bk

FiEfT, B4 s kit e 2 G0 0 25 K4 Tt L B 4 1l



16) ® 4 & & it &

£35%

SR, B PR T 2E 58 5 = AR DT AR 8RR LC IR T
A DFIG M B4k 4, fiff BE R AT D W T (PV) 42
WG A YRR 42 5730 DFIG i1 T KU 21k
T 7 A 1) B 3830 2y vl P 4 o) 2 1 P 7 e T
J 0 2l 3o A v e A o i RE AR e B 8 DR g T 2 S
S 5B M ARG SRR, DGR
WRG /N R, A 4 FTR, Py B
24 ML H I3 U, 0 BEZR 4 19 BRI i TR AT A%
1B ;C,.C,.C,.Ciy 1 C;, AL L5 BR324 | 42
il S EL 2,

REZL 4

B 4 %68 R ot B 45 40 B 9 I SR g
Fig.4 Structure and control strategy of
energy-storage system

R 2 R GIRBIETIRSH
Table 2 Controller parameters of enhanced
control strategy

Efla 8 s Ehla: 8 il
K, 0.15 Ky 11
C. Ca
i 1 0 K;;,] 400
c K, 1.5 . K 11
K, 50 K 400
K,, 1.5 K, 30
Cf/ Py CB B
K, 50 K 540

U R s 4 4% L E WA D1 2% {55 DFIG
By 1 A DU R Z 25 Py—Pope TEREE R 25 1050 A =
AT AN N R G ME | KGR ik SiRHigRe R4
DFIG F&[a] M S L W A TR P AR, 4 E B
EHRESHME U, 5 U, 2253 i R 4k
I RE RGN I TEN B HAE Qe P T Qe 23T
PR HQ 9L 4 o 4 A A R AR AR PWM SK B 5 5 A
MG RE R G A MG E NS HE, 8@
i1 DFIG W78 TR % sh f 2 5 4 sl i & v i)
FL R R 3 | DT PR Bl PR IO 2R 0 f P e
3.3 HiE DFIG HRETRIEH

M 3.1 A FERE S s R NS

DFIG PR 380 A2 3 7 il a] A7 R0 e vl 190 5 5 Pl T A
SEVE, HPEHI R 5 s,

I M A

DC AC

DC

HH

AC

1

TSEK\ 0

%‘%MIN B

B 5 DFIG fRIEFEREH
Fig.5 Fast pitch-angle control of DFIG

FACHL ) e g ] 2 (MGCC) RS 4 XU | 17 i LA
Bt fie R G RS L HEE T A, AR —5
AINITAR TR, RN F B KGR L% Py /N
THE LT 2 Py, DFIG 1317 76 e K XUBE B R R
A, RIEMZSHAE Bu=00; 24 RGH K T4 K I
DFIG 2 FE ff b o R Fe e e fl . #E /7 X
=L WU Py KT HUE NN Py, DFIG R
MGCC A YRS Py, Bu>00, A I W LS () A8 2
P il 2 GeAnl IR ML 1) 2l 285wl g vk | 2 B A o R 4
A v SR AR R R 8] 5 20 Ty, 20 35 AR T8 35 9 BR(EL

B B BH I 2 At KBRS MAX IE N

Tl A R S R AR AR R 2 ) AR G A BR A PRk AR
SRt B B R T I BE +10°/s, 2R BE A Y22 4L
TN 0°~25°,

4 REHEREGDH

41 MRREGEE

£ PSCAD/EMTDC &7 T & 1 7R 2 8 5 1
HL ) 2R 6 ARG S 45 il SR W LSS AR | DL TIF P 1)
P, R b I 9 o) SR s 1 e o R R R M A R
oAb R AE T R F L AR Y ey R Bl R R T A
KR AU R 2 R | [R5 & L HLR D 6 s Y , it fig
Z2 G0 & R R 5 00 1) AR e 2 A, E R A R
SR HH 25 1 2 25 e 5 0 B A A BEL ) 5 4 T — o A 7R B
B, AT R ST B A AT AR DFIG 40 &% B Crowbar
B B MR A R BT KR E RN
RL S RSHUEAL 5 B R G R 6 far 5220 A
25 67 Ao I B R N7 FHL s B sl 2 7 A 1) 2 B fer AR A
LEA AR 40 9% B AS T 1 60 % shAS A far
T M R GBS ENT

SR AL E AR SO HUEYI%H 1020 kW/
1275 kV-A, & HIFE N 1100 kW/1375 kV-A, &
RN 10.5 kV,2.0 15 8 & D)% 1 #80s 17 0 [0 2



%118

e EVARE S ) vt R 7 SN e N DR B SRR s [P U e AL S @

3 min, F A LR AR + 1 % , B A HLR JR Rl
~15%~20% , W EA2E W H] y 4 s, ELAN R 2D LT X, =
1.758 pou., ELAIEF S HLPT X /=0.213 pou., ELAHK BT &
LT X =0.139 p.u., TUF HLPL X,=0.15 pu., BT H
¥t X,=0.051 p-U.o

DFIG £ AR ZHNF %0 U1 % 800 kW /900
kV-A, & LB REE N 0.69 kV, & T 520 HLFH
R.=0.0054 p.u., & F & L,=0.1 p.u., 5% F L4 H fH
R,=0.00607 p.u., % FI& L,=0.11 p.u., Jil # H 2%
L,=4.5p.u.,

ARSI FERAT 102 MW,
AR 2 0 0.36 MW ; 8l 2 B fif (55 (B N HE 3
ML) 45 52 D1 %R 600 hp (447.4 kV-A) LRSS N
6kV,BEN2 6,

42 RURLENFE ST

(D) 1. KT — A AE R 507 i KU D) 3%
e shel s /N B i R fa e, B R A Kl 12
m/s, I\ 1.5 s FFiR K A2 i 22 M AL 2, WG T B 2 6.5
m/s 5 55m/s, Bl 6iRTHRERSES 5IH/ T
fifi B8 2 FhIs B0 T o VR AT Do [ 55 REER 4 fL R R

(¥ RbR 4 1H)
12
g
3
4
15 5 % FhBL (K BE )
/
& 05 \
05 fhE R G (R RESE )
1.04 ! Kk
7 1.00 h
= 0.96 it B i
0.92
0 2 4 6 8 10 12

Blo BERMHTHEBEGTHMEE G4 4 BERSE
(hEReF= /T hEBE )
Fig.6 Active power response of microsource and voltage
characteristic of BUS 4 under gust wind disturbance
(with/without energy-storage control)

M & 6 nl L, B XU shad 72 vp | G it BB #h £
S VH A EL ML O Y R R A | ) O Y S KU I B0 20
500 ms, {8 X REZR 4 ff R HH IR A K Bl | U Bl iR AE
ik 8.9 % , AN /& TEC61000-3-7 [ Brbr i X i & Hy
W E R % B IR B R SR, Ml e S S Wl iF
B 22 40 2 B0 g i Ny T B B8 A5 DL SF- 1 DFIG D)% %
By, I 5 TR 0 B A5 21 R A A A E R U Sl e
FEARZE 1.6% , P3G iR E R RN KT 5 s /R
0.85s, MIFELEFE I RN —THERSEA
A5CHb R T i /N Bl R R R E

TR — 5/ X —F e H T 7 i K
L DR 3 il L 5 g L AR AR AL B R R T
K—5T,

()T 2. /N5 20 PR A s o el /N R
SRR EM:  WEWIIR RGE N 9.5 m/s, M\ 3 s IF
UGz Wi AE W s K TR 12 m/s, B 7 #ER T
DFIG 30 f 2 54l /o2 B0 M 4 2 B o0 B 1l
HL S A T R 5 REZR 4 L R (B AR L H)

12

Poisi,
~

/s
7 HERKB THEBIEENMASE% 4 BEHSE
(PRIEFZRIEH,/TER)
Fig.7 Active power response of microsource and voltage

characteristic of BUS 4 under ramp wind disturbance
(with/without pitch-angle control)

& 7 W0 DFTG PR AR 2 3 il A7 2 s 3 i) 1
RELR 4 LRG3 (R S 5.25% F#IKE 1.8%,
PeahJm AR E BN 6.2 s T A 2.5, BLAMH K 1
AN R R M N R R G TE
b T AL TSRS, DFIG R 1 A8 2 45 i 184 58 /)N
Yo 5l e A G P B TR T s/ S il & e WL UG 3%
BT LA SRS S5 452 X3 R IRE A T A 52 I

5 #it

a. ASCEH T T RIS R W DFIG 1)
TR AR | AT 2 B v R At L ) 2R 1 A H TR
i 32 75 D)3 it 5 0 D R o AR DFIG vT 55
RNEGEAT L H 8 2T 1 666 B8 R Go i H 5 DFIG
AR A 710 XU D) R Bl AT A R I S
Weah,

b. EFXF R AN ELZ T T R R el & DFIG
T FEL T R A fEL TR AR E L B T 3 Tl b 2 A e AR
P56 \DFIG R AR 2 J2 i 14) 5 25 v R RS e 144 o 42 11
WWE . 7 PSCAD/EMTDC "7 T 4R I8 5 il I &=
G5 RN e e 4 ) R WAy ELASEAY {5 LG UE T RRUE 1 R



® ® 4 & & it &

£35%

RS T A0 R ARE MR A R, BIFTE SRR /)
YL r T A5 1 5 47 Tl SR W 8 A A0 30 ) o XU L
AR AL B Gl i 19 B 4 A RUHIL I 199 e el s 30 3l b
f it Y S F LS B A B R R T RE T 5 /AN T AR
DFIG R 72 3 3¢ il [] pf vl i 2> S 3ih 2 vt LA 301 I
BB AT LR B SRR 5 AR SCH H 110 F T AR i 4
i) SR WA M T ol R Y 22 R E iB AT

c. AR SCHRE A fol P 1) R s ) 4 o) S s T oy 22
I A M o F, O A 4 il SR 9 F S B — i (R R

O
A iR H P AR S R AR T R AR T H
R BE 2= F 58 B A AR 48 2 (0 RE U B R J S S0 0 = 55
TAEAN LR 25 E R E S ae i W TR —— 2
T 7 1L 5 RE VR R R YR I H R S AE S Y
FE I EL 30 4 G

SEH .

[1] LASSETER R H,PAIGI P. Microgrid:a conceptual solution[C]//
Power Electronics Specialists Conference,2004. PESC 04. 2004
IEEE 35th Annual. Aachen,Germany:IEEE,2004 :4285-4290.

[2] GUERRERO ] M,LOH P C,CHANDORKAR M,et al. Advanced
control architectures for intelligent microgrids,part 1:decentralized
and hierarchical control[J]. IEEE Transactions on Industrial Elec-
tronics,2013,60(4) : 1254-1262.

[3] b, £, xR 5% Mg

J1 H @ik 45,2014 ,34(10) . 7-12.

WU Xiong, WANG Xiuli,LIU Shimin,et al. Summary of research

on microgrid energy management system[]J]. Electric Power Auto-

mation Equipment,2014,34(10).7-12.

BRRTE VL4200, W — 2. BB S P AR B AL A Y 30RO £k

BE[J]. WA Bk # ,2013,33(12) : 1-7.

MIAO Yiqun,JIANG Quanyuan,CAO Yijia. Optimal microgrid

dispatch considering stochastic integration of electric vehicles[J].

Electric Power Automation Equipment,2013,33(12):1-7.

(5] W 2R B, ERl 55 SBRE I 58 A7 R B s e 18 3R 43
Brir]. o Ashfki % ,2014,34(10):15-20.

YANG Zhangang, XU Yulei, WANG Chengshan,et al. Operating

characteristics and influencing factors of photovoltaic-storage

BEMAGHIILHR[)]. B

—
A~
fa

microgrid[J]. Electric Power Automation Equipment,2014,34(10):
15-20.
D2 e, £ AR ORI R MOCHEROR )],
N1 &5 21K ,2015,39(8) . 168-175.
MA Yiwei, YANG Ping, WANG Yuewu,et al. Typical characteris-
tics and key technologies of microgrid[J]. Automation of Electric
Power Systems,2015,39(8):168-175.
(7] ATRYY T A0, (05 & 0 it £ AR A9 100 190 92 0 e Ak LA 3 ).
W) H 345 ,2013,33(5) : 76-82.
SHI' Qingjun,JIANG Quanyuan. Real-time optimal energy dispatch

—
=)}
[}

for microgrid with battery storage[J]. Electric Power Automation
Equipment,2013,33(5):76-82.

(8] BT EARME MU R, Mootz 5 T XUSHER I K HLBL G IF I KU 1
PASHERGEVERTSL ()], PEABL TR, 2007,27(25) :25-31.

CHI Yongning, WANG Weisheng,DAI Huizhu. Study on transient
voltage stability enhancement of grid-connected wind farm with
doubly fed induction generator installations[J]. Proceedings of the
CSEE,2007,27(25) :25-31.

[9] SHAHABI M,HAGHIFAM M R,MOHAMADIAN M,et al. Micro-
grid dynamic performance improvement using a doubly fed induc-
tion wind generator[J]. IEEE Transactions on Energy Conversion,
2009,24(1):137-145.

[10] ZEREP, T8 A=W MG, fl e 190 v X3 Jgk i X ) K v 3R e 42 il

BT[], Wy A BB ,2013,33(10):1-7.

LI Guoqing, WANG He,LI Hongpeng. Control strategy for DFIG-
based wind farm in microgrid[J]. Electric Power Automation
Equipment,2013,33(10):1-7.

[11] MAJUMDER R. Some aspects of stability in microgrids [J].
IEEE Transactions on Power Systems,2013,28(3):3243-3252.

[12] DOU C,LIU B. Hierarchical management and control based on
MAS for distribution grid via intelligent mode switching [J].
International Journal of Electrical Power & Energy Systems,2014,
54:352-366.

[13] ARANI M F M,EL-SAADANY E F. Implementing virtual inertia
in DFIG-based wind power generation[]J]. IEEE Transactions on
Power Systems,2013,28(2):1373-1384.

[14] KAMEL R M,CHAOUACHI A,NAGASAKA K. Three control

strategies to improve the microgrid transient dynamic response

during isolated mode:a comparative study[J]. IEEE Transactions
on Industrial Electronics,2013,60(4):1314-1322.

X REVE I ST S KU R B LR B R 1 s e

XPHEL)T. AL TR 4, 2011,31(1) :32-38.

DENG Wei, TANG Xisheng, QI Zhiping. Impact of asynchronous

wind turbine on microgrid stability and the solution[J]. Pro-

ceedings of the CSEE,2011,31(1):32-38.

MAJUMDER R,CHAUDHURI B,GHOSH A et al. Improvement

of stability and load sharing in an autonomous microgrid using

—
—_
W

—

—
—_
=)}

[}

supplementary droop control loop[J]. IEEE Transactions on Power
Systems,2010,25(2) : 796-808.
[17] TANG Xisheng, DENG Wei,QI Zhiping. Investigation of the
dynamic stability of microgrid[J]. IEEE Transactions on Power
Systems, 2014,29(2) :698-706.
FEME AV X € S 2 AR G Y 2 IR O 1
PRGMHBITT[T]. I Ak ,2014,34(3) :40-46.
LI Yumei,ZHA Xiaoming,LIU Fei. Oscillation suppression of

[18

—

multi-source DC microgrid with multiple constant-power loads
[J]. Electric Power Automation Equipment,2014,34(3).40-46.
[19] KUNDUR P. Power system stability and control[M]. New York,
USA :McGraw-Hill , 1994 .272.
[20] KASEM ALABOUDY A H,ZEINELDIN H H,KIRTLEY J L.
Microgrid stability characterization subsequent to fault-triggered
islanding incidents[J]. IEEE Transactions on Power Delivery,
2012,27(2) :658-669.
TAYLOR C W. Power system voltage stability[M]. New York,
USA :McGraw-Hill , 1994 : 14-18.
JEEG RCRS AL A A 2l VR TR I At P R T R 1 5
HUGE)]. P EB LT AR ,2008,28(13) :152-157.
PEI Wei,SHENG Kun,KONG Li,et al. Impact and improvement
of distributed generation on distribution network voltage quality

[J]. Proceedings of the CSEE,2008,28(13):152-157.

[21

[a—

[22

[}



%118 e EVARE ) vt RS SN e N DR B SR s D L e AL S @

EE AT . BA H & F B 54 (E-mail :eppyang@scut.edu.cn ) ;

N AR S T S S L W EBMR T AR ZRARESHSIHE B R%%E
LR MM LR A B R E R A # 47 (E-mail : epzxcai@scut.edu.cn) ;

(E-mail : zhuoliscut@gmail.com) ; Bl Y #1985 —), B e m WA LA ML £ 25
WoOE967T — ), K, S mAMA K RFT QARG RGP AL EHHA,
W MERT A S EBHRF 0 AR Timothy C. Green(1963 — ), ¥, 3% HA 3t LA %

BB 5 EuFMEERNER oH XA e L bR A FIR BB G @ A el M d) 5 A AT

Analysis and improvement of steady-state voltage stability for
isolated medium-voltage microgrid with wind power

ZHAO Zhuoli'?*,YANG Ping'** CAl Zexiang',ZHOU Shaoxiong®*, Timothy C. Green®,LEI Jinyong’
(1. School of Electric Power,South China University of Technology,Guangzhou 510641, China;2. Imperial College
London, London SW7 2AZ,U.K.;3. National-Local Joint Engineering Laboratory for Wind Power Control and Integration
Technology,South China University of Technology,Guangzhou 511458, China;4. Guangdong Key Laboratory of Clean
Energy Technology,South China University of Technology,Guangzhou 511458, China;

5. China Southern Power Grid Electric Power Research Institute,Guangzhou 510080, China)

Abstract: The power-voltage characteristics of DFIG (Doubly-Fed Induction Generator) with wind turbine in
the isolated microgrid are analyzed and a strategy based on the local energy-storage stability control and
fast pitch-angle control is proposed according to the constraints of different operating modes of microgrid
with DFIG to enhance its steady-state voltage stability control. A model of microgrid system with stability
control strategy is built based on PSCAD/EMTDC and the results of research indicate that,the proposed
strategy enhances effectively the steady-state voltage stability of microgrid under the wind disturbances in
different operating modes to guarantee its safe and stable operation.

Key words: microgrid; wind power; voltage stability; doubly-fed induction generator; energy storage;
operating mode
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Gradual deterioration probability analysis based on temperature characteristic
parameters for critical components of wind turbine generator system

LI Hui',HU Yaogang',LI Yang',YANG Dong',OUYANG Haili*, LAN Yongsen?, TANG Xianhu®

(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,

Chongqing University , Chongqing 400044, China;2. CSIC(Chongging) Haizhuang Wind Power Equipment Co.,Ltd.,
Chongging 401122, China;3. Chongging KK-QIANWEI Wind Power Equipment Co.,Ltd.,Chongqing 401121, China)
Abstract: A method of gradual deterioration probability analysis based on the temperature characteristic
parameters is proposed for the critical components of WTGS (Wind Turbine Generator System) to grasp
their deterioration level and tendency. Since the fixed threshold may not be used to accurately
determine the degradation degree,the concept of data fitting and turbine grouping based on the
temperature characteristic parameters and rotation speeds of the critical components is proposed to set
the dynamic thresholds for the upper and lower limits of degradation degree. In order to include the
effects of operating condition and duration on the degradation degree,the nonparametric kernel density
estimation method is applied to build the probability density function of degradation degree for the
critical components and a method of gradual deterioration probability analysis is presented for different
monitoring cycles. With the rear bearing of a wind-turbine generator in an actual wind farm as an
example , the proposed dynamic threshold method and probability analysis method are verified based on
the historical monitoring data of its gradual deterioration. Compared with the fixed threshold method,
the proposed dynamic threshold method can more accurately determine the degradation degree of

components and more effectively analyze the deterioration tendency of critical components.
Key words: wind turbines; condition monitoring; dynamic threshold; turbine grouping; probability density;

deterioration tendency; wind power
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