$53% 41 #HE R Vol.53  No.l
2024 4F 1 1 THERMAL POWER GENERATION Jan. 2024

DOI:10.19666/j.r1fd.202305080

EF#AH#BHENHE G oAb
éip*ﬁi\a@ Bt R

E OB OAER? HOLE? #F B ETEMS WM B3
(L& &K IATEARAG], k& % 710054;
DAL feATIRAL IR A ARG, #4E BFAKF  830000;
AR IR AL R IT R A RN S Re R N 8], #7885 & ARSF  830000)

i E] &R X 5% 00H (FMEA) R#RAGHAKEREX, FIPFRLEFT LG —HH &
WS T k. R FMEA Ep# Y HAEAF ETR AR FGRE, RPN 34X
M B 6 TR, AL E R I IFNMME L u&ﬁ%f&éﬂﬂ%i\@é’aﬁé AP
W5 BTG, AT Bk Eers, #l T —#2ted FMEA ik, @I NT M B, HEEER
A3 A8 Bk R A K AL X E B AT A %%%i ME T %8 FMEA, BT
R a9 7t FMEA RE95 A A E R0 2 B0 T MM 5 R MR, 0% 8T &%
RGBT 0, BB AR RAR S TRH T FILT, S X R ie 5 %t
ITHER » AR 697 3t FMEA 3 £ A5 R e L2 ey % 23 A2 X347 T o047, RIFT %
HEH X EEZEHTURE T 2R EE FHA . RABHEF 45 R HHR M hLa ) +T 3¢
HEBRTFXETEAE, HLEEUBEXIETRAANCEERE, THREILL
T i ARAL L T R KR R A

[X # "] Aemi, ZEEXE5Hhpotr: TELEE; HEERL; K& 53R

[SIAANERX] 2%, AZX, TAE, F ATFTARRBEEXEH oM ea S X eEFEARLN]. A RE,
2024, 53(1): 165-174.  WANG Zhen, ZHOU Jianwu, FAN Guanghui, et al. Research on the harmfulness of wind turbine failure
modes based on improving FMEA[J]. Thermal Power Generation, 2024, 53(1): 165-174.

Research on the harmfulness of wind turbine failure modes
based on improving FMEA

WANG Zhen?, ZHOU Jianwu?, FAN Guanghui?, PAN Qiang®, WANG Jianyang®, GU Hao®

(1.Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China; 2.Huaneng Xinjiang Energy Development Co., Ltd., Urumgi 830000, China;
3.Huaneng Xinjiang Energy Development Co., Ltd., Clean Energy Branch, Urumgi 830000, China)

Abstract: FMEA is an effective reliability analysis method for identifying potential failure modes in a system and
evaluating their criticality. Conventional FMEA has many shortcomings such as not considering the weights of
different risk factors, RPN being very sensitive to changes in risk factors, difficulty in handling expert subjective
scoring information, and not considering the propagation and impact relationships between failure modes. Aiming
at these shortcomings, an improved FMEA method was proposed by introducing house of reliability, rough set
theory and VIKOR method to improve the accuracy and objectivity of risk priority analysis of failure modes.
Compared with the conventional FMEA, the improved FMEA can not only effectively deal with the various
subjectivities and uncertainties in the risk assessment process but also rank the risk of the identified failure modes
with taking into account the effects of failure propagation, which is able to rank the risk priority of failure modes in
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the case of attribute conflict and various uncertainties. Based on the proposed FMEA, a real-word application of
risk priority ranking of the failure modes in wind turbine was carried out and the risk priority order of each failure
mode and each subsystem were obtained. According to the ranking results, the weak links and key subsystems of
the reliability of wind turbine were identified, and the hazard weight of each failure mode and subsystem was given,
which can provide data support for the reliability optimization design of wind turbine.
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Tab.3 Evaluation rough number for failure modes

TiH S 0 D TiH S o] D
FM1 [5.4,6.7] [4.8,6.3] [3.8,5.6] FM28 [5.4,6.0] [5.8,8.3] [3.8,4.7]
FM2 [3.3,4.6] [43,6.7] [5.8,6.7] FM29 [3.7,4.3] [3.6,4.4] [3.3,3.8]
FM3 [35,4.6] [45,5.5] [38,4.7] FM30 [3.0,4.1] [3.1,34] [3.2,4.3]
FM4 [45,5.3] [3:3,3.8] [4.6,5.4] FM31 [5.0,5.2] [5.0,7.6] [4.6,4.9]
FM5 [5.0,5.9] [2.6,3.4] [4.6,4.9] FM32 [2.9,3.9] [3.3,3.8] [3.1,3.9]
FM6 [5.1,5.9] [3.1,3.9] [3.8,5.3] FM33 [3.0,4.3] [3.1,39] [3.6,4.4]
FM7 [5.5,5.8] [3.8,5.6] [4.1,5.4] FM34 [2.8,3.5] [2.5,4.5] [3.5,5.0]
FM8 [4.1,4.2] [3.1,3.9] [3.8,5.3] FM35 [4.4,4.6] [4.0,6.0] [4.1,5.4]
FM9 [33,4.2] [36,4.4] [3.0,4.5] FM36 [2.8,3.5] [2.8,4.8] [32,4.3]
FM10 [3.6,4.4] [36,4.9] [3:2,4.3] FM37 [3.0,3.6] [22,4.2] [3.1,3.9]
FM11 [4.4,5.4] [2.8,4.9] [4.0,6.0] FM38 [3.2,3.8] [25,4.5] [3.3,3.8]
FM12 [5.4,6.8] [2.8,4.8] [5.1,5.4] FM39 [4.9,5.2] [23,4.7] [4.1,5.4]
FM13 [4.6,5.6] [2.8,4.3] [3.6,4.4] FM40 [5.6,6.3] [2.2,4.8] [4.3,5.7]
FM14 [4.0,5.2] [2.6,3.9] [3.6,3.9] FM41 [4.8,5.8] [4.2,53] [4.3,5.3]
FM15 [3.1,3.6] [1.9,4.3] [3.3,5.3] FM42 [3.3,4.3] [3.3,4.8] [3.2,43]
FM16 [3.0,4.1] [2.1,5.9] [3.3,5.8] FM43 [3.8,4.4] [4.6,49] [3.3,4.3]
FM17 [5.1,6.0] [35,4.5] [38,4.7] FM44 [3.9, 4.6] [4.6,4.9] [3.6,3.9]
FM18 [45,5.3] [2.6,3.9] [38,4.7] FM45 [3.7, 4.6] [4.1,4.9] [3.6,4.9]
FM19 [2.9,3.6] [5.1,5.4] [2.3,3.8] FM46 [3.3,4.5] [3.6,3.9] [3.8,5.3]
FM20 [5.6,6.8] [18,3.3] [4.1,4.9] FM47 [3.0,3.3] [3.1,3.9] [3.3,4.3]
FM21 [5.9,7.1] [4.6,7.8] [4.3,4.8] FM48 [3.5,4.0] [3.7,5.8] [3.3,3.8]
FM22 [4.0,4.8] [5.8,8.3] [3.8,5.3] FM49 [2.9,3.7] [4.8,5.7] [2.8,4.3]
FM23 [3.5,4.0] [5.1,7.2] [3.8,5.3] FM50 [3.6,4.0] [2.3,3.7] [3.8,4.7]
FM24 [3.1,3.6] [3.6,4.9] [3.8,5.3] FM51 [4.8,6.3] [1.7,3.4] [3.0,4.5]
FM25 [3.6,4.5] [3.0,5.0] [38,4.7] FM52 [3.9,4.3] [28,3.7] [3.1,3.9]
FM26 [4.2,5.1] [4.6,7.8] [38,4.7] FM53 [4.2,5.1] [22,3.3] [2.8,4.3]
FM27 [5.8,6.4] [5.3,6.7] [4.6,5.4] FM54 [5.0,5.4] [2.4,4.3] [3.3,4.3]
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Fig.3 Changes of severity rough number of failure modes
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Tab.4 Risk analysis results of failure modes
%A REEL R f&h5 Q f&tw . REELN R f&hr Q fibz
HE BE 4 BE A HBE 4 HE 4 HE HA
FM21 0.45 1 0.18 1 0 1 FM54 0.88 30 0.38 24 0.58 28
FM27 0.46 2 0.18 2 0.01 2 FM18 0.86 28 0.39 31 0.59 29
FM22 0.50 3 0.18 3 0.05 3 FM45 0.88 29 0.40 32 0.61 30
FM28 0.52 4 0.20 4 0.08 4 FM44 0.92 32 0.40 33 0.64 31
FM1 0.56 5 0.21 5 0.12 5 FM14 0.94 33 0.39 30 0.64 32
FM4 0.63 9 0.26 6 0.25 6 FM9 0.96 38 0.39 29 0.66 33
FM12 0.57 6 0.30 12 0.25 7 FM51 0.90 31 0.42 36 0.66 34
FM31 0.62 7 0.29 9 0.27 8 FM48 0.95 36 0.42 34 0.68 35
FM7 0.65 10 0.28 7 0.28 9 FM43 0.94 34 0.42 35 0.68 36
FM20 0.63 8 0.30 13 0.30 10 FM46 0.95 35 0.44 39 0.72 37
FM41 0.71 14 0.29 8 0.33 11 FM53 1.04 43 0.43 38 0.76 38
FM11 0.72 16 0.30 11 0.36 12 FM24 0.95 37 0.48 44 0.77 39
FM17 0.70 12 0.32 14 0.37 13 FM42 1.02 41 0.45 40 0.78 40
FM5 0.71 15 0.34 16 0.40 14 FM52 1.07 46 0.42 37 0.78 41
FM29 0.83 23 0.29 10 0.42 15 FM33 1.00 40 0.47 42 0.79 42
FM23 0.73 17 0.35 20 0.44 16 FM38 0.98 39 0.49 45 0.81 43
FM2 0.68 1 0.39 28 0.45 17 FM30 1.03 42 0.47 43 0.81 44
FM26 0.76 18 0.34 18 0.45 18 FM50 1.07 47 0.46 41 0.83 45
FM40 0.70 13 0.38 27 0.46 19 FM16 1.06 45 0.50 47 0.87 46
FM35 0.78 20 0.35 19 0.47 20 FM49 1.04 44 0.53 52 0.90 47
FM6 0.77 19 0.36 21 0.48 21 FM15 1.11 50 0.50 46 0.90 48
FM25 0.84 25 0.33 15 0.49 22 FM47 1.10 49 0.51 48 0.92 49
FM10 0.86 27 0.34 17 0.51 23 FM34 111 51 0.53 51 0.95 50
FM39 0.79 21 0.38 26 0.52 24 FM37 1.15 53 0.51 49 0.96 51
FM13 0.82 22 0.37 23 0.53 25 FM19 1.10 48 0.55 54 0.96 52
FM8 0.86 26 0.37 22 0.55 26 FM32 1.15 54 0.52 50 0.96 53
FM3 0.84 24 0.38 25 0.55 27 FM36 1.13 52 0.54 53 0.97 54
FE M R AR S S 5 RS 4T, B Q FRARHY CAE R 5% RGMEE) . BT X B AL
e @ RAE SRR i AP A R . R 47T s A A 0T X R L 2 0 Ty A A AT S 1k A AR ™
, HEAGE 1 ROHMERG R FM21 GRRAEGE RS S, BUAERET X EEHL?EE’JT eI AL BTt
D, HOUOR FM27 CRELUBUBRSRED F1EM22 R, IR 5 e I e e, St SRIUAA T it 45
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