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Research Status and Development Tendency of Wind Turbine Reliability
LI Yao'! ZHU Caichao' TAO Youchuan® SONG Chaosheng' TAN Jianjun'
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Abstract ; The failure modes and research progresses of reliability for wind turbines at home and broad
were analyzed. The failure modes, failure reasons and detection methods of key components in the wind tur-
bines were summarized. Also, the frequently used methods of reliability analysis and research status of wind
turbine reliability were analyzed. Then research focuses, research methods and measures to improve wind tur-
bine reliability were presented. Combining with the engineering requirements and research status, the devel-
opment tendency of wind turbine reliability was analyzed and the flowchart to investigate the smart health
management technology of wind turbines was proposed. It is of great significance to reduce the costs of opera-
tions and maintenances and to improve the safety of wind turbines.
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Fig.2 Failure rates of components of wind turbines
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Tab.1 Failures modes of the key components of wind turbines
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Fig.3 Faults of the wind turbine bearings
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Tab.2 Failure modes of the generator
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Fig.6 Faults of the generator
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Fig.8 Relation between the failure rate and the downtime

IR BRI A i R AR BE T Bl B XA AR AR A
T 1 XA R A Tk 20 B B AN [R] LAl 2R 7
B XBLATSE R 2 25 A 5 L i B — D — 1T
P o BT KURL AL ZH AT AR A A 1) RS [ N A
EE N L R PN O]
fezh R 40, 2 T R AL AL R GEAH T AR R i R
JH 7 5 H B B IR 19 5 3 T BT A L RORATER
Bt Xt IRV ML 328 4 AR (7 L X JEE DA TR) L AT 2 XL
Ty R RE A B A B AR 4 o B SR L 7T A 8K
Wl AT 3 S AR AG YR B v IR BIL A AT R
3.1 KEHATEESHAE

WA TR 2 A 7 1 3 A T RO R Y
GEt o A AL T BT 0 N )-8 B T B P
3.1.1 BRIFEIBAED R H

AU BIL ZH i A5 30 19 1)l B 3 2 it I 1) 2 Ak
1 AR — A KesA R BOR R B 2 R SE IR
31 oA I 3 o) I DA A i L A 9 R
Hor h (O R KRB WA IR I3 Aii L Gamma 73 Afi
IR H0 A 2 W HLAL AT FE P 23 B vh = A HE 23
At o =S HEUBAG IR LR A AT BR RO R

)y ]+

F() = a2[1— exp(— (Z;to

t()

(1*A)[1*exp(*( v )2 )] D

Forroe JgHE] e =>0500 ARLESHL B\ B 9 EA

h(e)A

0 t L2 W
B9 FAIEERGFAMNEAAME
Fig.9 Bathtub curve of the failure rate of the

repairable system



W LA AT FEEMF R IR S E BB —2 £ KA

Wi 7 2 45

IR RS E H BB, > 15 qus g ARES
B A ANE R, W, =0, 9 =10, 9, =100,
B =5,8, =5,

P10 J2 i o ARE 32 2% 32 ok B3I Rl o s B A
W {1, 43310 3 15 VA 7 Wi 8 O A I SO R 48 A e
TR PIAS B Be e e SR vm . B R B0 ]
0.1.0.2.,0.3 B, ik e M 23 2% 5 R 450 1 28 {0 AE e {0
A A R AR AR 18 B 38 AN TR R B LA A [
AR5 0 XU R LA e R AR . T 11 BT
N A R KR B IS TR] A A8 Ak A% B0, S B B —
AW (E 27 KR ATLAL AL F B & B B BE SR K, 2Kk
RO B BN, Z 5 T RROE R AR AR &
P T NCEE X PR E XN
WA ZS XS XNBEPLAEEM THAK, K 12
J2 T HE B R ROR B PR B AN B BB AT
FE B 2R R 32 R R 2 Y RUE AL A X ER
B2 R0 2R Aaf 1) 385 17 5 B B T1 AT B 4 M AR L B TR
SE B AR B BE 5 B B T &E B SO IR 2RI BRI, 26 B
UL AL B 2 A S FE IR 300, P 5 BRI, R
T 7 11T 482 B 50 2y M ASE 0 IR R L 20 4 A IR 75 0 P 2k
ORI AR LS B

0. 06

e O A=0.1
Soest] 000200 = 2=0.2
g 0 —1=03
ﬂ V.
% 0.04
% 0.03
-
= 0.02} |,
g ik
# 0.01f
0
i [8] ¢
B 10 #EH RS E R
Fig.10 Fault probability density function
0.3r
----- 1=0.1
—A1=0.2
& 0.2}
et
5
"
Ko.1
m

8 A il ¢
11 RHERE
Fig.11 Diagram of failure rate function

3.1.2 RIFRSGOMD — BET SR

JRCERL A7 e A R 2 3 B4 BB AL 288 A TR 5 56 2
Y A DN 25 2 A U0 3 1 g i ) A R
W R RO )

G i 1] ¢
E12 AIRESRH
Fig.12 Diagram of the reliability function

S —us
£(S) = exp(— A (212 (2)
2nos 2 0s
1 1 0—u,
g(8) = exp(— — (2122 (3)
V2ro,s 2 05

S A BIHLAE fE s o5 Iy R 7 BEALAS 5t 0 BRafE 22 5 pes o
Ry W HLZE B3k 9 28 5 0 Oy Sk BE WL Bk 5 oy Oy 5 E AL
AE B ARUE 22 5 ey o R JEE BALAILAE Bk 19 0122

MR R 7 — 5k B 9 R e S, B PL AR
x =0 — S WRMIEZ 53 i, Bt DL 7 -5 J& -+ 3
R TS

exp(— %2 s 4

K, o Rz MFRHEZE; u. = WIHE,

Hy 1A %6 1A MR A it 57 10 g R 5 i R B M
FJr 22 R AT S EE A AR R R 1 B BT RE B
P13 Iz oy IKUHS 145 48 4 vy 3 2 /N 4 56 mT 58 B2 L i
20 000 h AT HEFE T BRI, Z 5 A TF- 4% .

1. 0007
[+ 4
-
& 0.999
=
#
i
% 0.998¢
A
=
= . 997t

0 0.5 1.0 1.5 2.0
e ¢/10° h

13 SEHNERHTITRE
Fig.13 Dynamic reliability of the high speed gear

32 KEATEEFREHRE

PR A JRCERL BILZH AT 5 4 B T 5 20 B 6
4 4 BE R BT L2y o 5 26 - (D T 2 Y 7T 5 4
Ir BT s @ 5 T8O R A SE R ST b T A
A7 B AT SE P AT AR W 14 B . AR 57 4
15 RARBEIE , 73 500 TH 5 03 A A BT AT
IR BILZH 1 95 55 77 i A1 AT RE , R4 AT SE PR T4

BT I Kl 17 9 mT FE AR GE 20 M [ ST 5T
#2% . ARABIAN-HOSEYNABADI %) % [ ¢
A FR A AR AL A 2R AR LB T n] SR

« 1129 -



PE ML TR 28 %55 9 W 2017 4F 5 H kA

L BRI )
LA

[ FHAR AR |

;
535 55 BB h:I WA

B 14 ETHENAEESFTRE
Fig.14 Flow chart of reliability analysis based onload

I3 BT AT (Relex) 5 2 8808 X H 52 Wi 23 A (failure
mode and effects analysis, FMEA) Jy ¥ 1) 11 8. 4%
Foo GUO SR T — o 0 B2 AR A 5
2 A T A R RO AN SE R ) L IR = 2 8
AT JR B RY RE A% R A5 RS B XU BIL T SR R
TAVNER %R G837 1 40 B 17 5 K BL 11
EMIEATEUE . ZHANG 508 B8 53 B 44
A2 3 X AL 2H AT 5 P 20 B vb AR A DL 20 1)
RIS ST T R HOIR SRR, F 5T 1 A7 R 55 i Y
T 75 ¥k

[ AT 75 4E Be U B &K 5% 5 % (national re-
newable energy laboratory, NREL) 7& X\ i, 15 %
R AT EEME TS ST KRB SY TAE . SINGH 45
FIH FAST fl MATLAB— Simulink B¢ & {5 B,
Sr AT T LA ML (8] A9 AH B 52 0 . NREL 42
O AL 0B AR AR A R A 7 R L
T R Al 0 K37 BT A 5 22 05 A R O ORI S 1A
RAE AT EEMEDY . KELLER U BF9E T & Bl
BevR 25 VN RRAR 5 K i HIL A RS G 0 RN U 48 A i
Bl A5 X e S R A R -LALEY S . SMOL-
DERS 451 g vy 7 14 % 4 A 5 M T A5 5, fi 1)
W7 R e A 1R SRR O AR . AL -
TUBI 451 il 8 d R4 5 W45 R 58 (superviso-
ry control and data acquisition, SCADA) R £E )
Bl 5L T 1SO o 100 FEAY 1 XU 04 42 4 4
B Bl R RV . FENG 4507 ffi | SCADA
FIRZS Wi &R 48 (condition monitoring system,
CMS) MR 4 T & 7 500k R A7 XUHL 147 e 46 {2
HERZ 2 Wi, NEJAD %9 H] S-N i gk 05 i if
ST AERUE YR 45 58 R0 R 4 9 5 40 05, OF 4
W7 R T AT SR s SR . A AR Y A
T 3 1A K8 AR B g A TR 4R B e R L R R g -
SREE T W RGO TN R AR B R G T SR A A
SR TS R G F A AR L AR 5
TS A AN E M R A T RUHL ML
55 AT AEME AT TSR A Y 57 R T TR R R

« 1130 -

S HLAIL SR KR AL 4 1) S B 1 B A T SRk
PeE R IR OR AL B RGN R A .
GIORSETTO %Y 1 Geit24 05 vk % IR B ALK 2k
| 2 1) 745 Ty 3 0 A 2 A A 18k XUy R R AL RT SE
RS, R4 A 25 B 9 o B A R G ) U & B
HIL R A5 100 s ) B R L 0 & B HLAZ R A 0
P TE & S AL S A BURE . TOFT 4
W TSROy vk a2 B R, E T
Fr S B 7K B2 14 9% 57 8% Aar R B AL 284, 7 B — R 8K
B N A A AT EE M. DIMITROV 2620 i 7]
AR A TF R B0k A — B T S O L RS TR
SR BORET AT SRR 0 15 7 RN R G A R R K
MR, TR N T R TR 7R B RS
Gr A ASEEE RS I s A AS AT DR R SR L T L
AT LA 5 5 G e A AE 4R an i 15 i,

: —

4 i

Ca) MK I i A (b)E W 4t 15
B 15 REMHAATEERE
Fig.15 Measures of improving blade reliability
33 KMENATEEHRES

AAE PR BRI 220 20 A S R R AR HLEE XS
L HILZH B i 5E 1R T 5 i A T 400 % B BE, F 5T TR
JER 50 KR 5 AN T, T B R AR
B B 2 TR N AR . AR R XU R AL v 5 R
FEAE R B RE A B AT BT 0] K i L B B LR
=S5

(D — B T 1F e B 22 W B R . KU L
ZH T T R R T I A AR B |
B AEAE I (] . — 5 2 AR 2R SR B, R A
A2 G AR A A5 B 8] L Sy AR 24 A S FR I
— MR IR A T B — e AR A R
HARBWIH A, KUSIAK %Y 5347 5 min R FF
(] 5 (9 SCADA K4 , % K HL AL 2H 2 & 414 il o ik
£33 2EF0F , 9 A 1 R AR R R A )
ST WindCon RS I 5 48, % 5 Jk B 4%
IR A R A R AT T G R S I AR R I 5 AT A

P16 78 oy — fis 2 3 1 i o G 7 2 W R 4
TRH . HATKMLK 234 SCADA fl CMS
PIES R GEAH P 5 R EL ST AN BE S B 25 2R 1Y
FAEARGE . N7 337 8 200 A5 F AR, 52 B e St



W LA AT FEEMF R IR S E BB —2 £ KA

Wi 7 2 45

o8 5 A Hb o o] s ) P o O M BE A, R
BB R RS B A7 i 25 R S P SR L R
P 1) Je A Hb 728 1) 2% 1) 1 B2 2 VE 12 Sk D g, I & 3
F SCADA Flili b 3 3 1) %l Bhi2 W 4 . k47 —
T AR W T A2 W, SE PR TR 4R
W E L, HEPRE P FEEERETEN— &
WS T84T T R W S W LR T R

Bl 16 —REDEHEUBEZEZCHAEAZEFAELE

Fig.16 Technology route of general component

— R A
B (94 B 2 W

Windesk V&

— A
i (9 N\ T2 0

-

fault diagnosis system

() REEIHAAEFRE TN E AR, KEF
AR X6 — i 5 8 A SR SO0 4R R R AU 4
& B[] B4 75 T i G o 2 3 4 e R PR 2
BRI 17 iRy R EH BRSOl R 58
BeR B . TR AR WA 38 i T K K H BB
BLIXGGH Bl 7 27 A58 A0, 3 I 56 Rl 3 25 k5 77 Al
R B A Hz b g sF 1) Dy #2 L N R W 9 1 807 L Good -
man A2 4 R B4 0 AR BB P-S-N
i, O 1 & 14 6 RN Al R B 9% 57 A . LIANG
SRR A B TC 5 ¥ A b 3 il i R R S ] T
AR ) R ) A2 DA B B T R G A L 4R
3 TR AR S-N 4k i 48 Goodman 24 =0 g
57 P50 SRR D), 0 = b el R %) 5 5 A5 A iR

KEFMHE (HRA. TH. ot
ﬁ%)ﬁﬁﬁﬁﬂﬁﬁ%ﬂ%ﬁ_*
s

ERAM. THA%. REAK.
W SRERRNKEERS o] wamane N
o

. 7. B. B, MEEREA ZREEREOR
OSSR B R G MR A T [P & B R s i [

HLE ., RALHIRE

A ik
AEETRARLSAMEAR | A mRET AR LT 6O
LROFMEDETEE 1N 5o o o0 4 HB BB
B iR s T | | n FRERE

4T

B 17 XEFBHERSELTNREHAKLE
Fig.17 Technology route of key component diagnosis system
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