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Table 2 Maintenance time and cost of
3 MW offshore units
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WAL 6 4 13 000 8 43 500
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LS &5 9 6 16 000 12 55 000
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Table 3 Maintenance-related parameters for
3 MW offshore units
TRE B n R, R,
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WA 4 3.674  747.6  0.941  0.906
WA RGS 4120 6962 0981  0.967
ARG 6 2.855 6152 0979  0.960
FIERG T 3.111 6322 0976  0.962
KA R 5 8 2.445 6219 0985  0.968
(EBIE Y 3.114 5963 0989  0.951
RHEPLARS 10 2.559 593.8  0.987  0.942
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Table 4 Maintenance strategy optimization results
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considering risk level constraints

10 | m AR T
Firo | @ Kbl s

XE
iy
=
‘_!\N
3%

F  EGEEE

2
&
SN
§
W

Tpizgo|
BRG]

0 200 400 600 800 1000
R
B8 AEERMMKAFARMIS UK
Fig.8 Opportunity maintenance strategy without
considering risk level constraints

HIPE 7. & 8 R, £E 1000 d A, 5756 1 T R4SE
PR PEAE B S 77 % 2 MR (HOT 5% 1 T R4S

R T

PLEAEP B LTI 2 b 1 3 O, LA
JrE L ARGE TR RGBS 4 B G,
BT ALERAE FTIREA
4.3.2 RHZPLE RS o B

TE U L BIL 2 247 SR I 1) ity , ZRIBUXUHE
s ROB ML e 97 2eHE . R FH 4E 37 AR R Hs
AL LEF BB, I RYE T Rk A
B2 7K S A AR OO, LABAASL IS [) 47 A /N H
R pRE, S IAUEEL 7 1) 4E 3 SR 2E AT DAL, 5 21 XU
Yy HALIN (] 4E 5 BAS I 45 2R 0 7 083.17 Ju/d, £
1 000 dJEH 4R 12 Y0, Hip R 7 R GE AT/
18 59 U, KB S o ARBESCrh BT At 1 XL
PLE B SRS A 2, 5 A% I8 Z R AEd i 4E 3
SRS LS 75 S (1 240 TR 4 47 SR W R AT 08 LE 23
Bro BEEITR | NAH &AL AedTr Xl
SHEYRG  TTR 2 N SE S AR P
WG TT 5 3 N BRI AR 2R Pl
Mo 3 T SRAYLES TR o e 9 (K 10 ] 11
Firs o

maol  w A dadddd
LA - 4 mA O AA A A
HLAHS | 4 AL A A AL A
HLALT i Am 444 0 om
HLAl6 A A4 A4 4w
HLALS E A A A A A
BLAL4 | A A A A A a
PLALS ¢ 44 44 bt
BLEH2 ' AL AL W A A 4
BLALL b MRS AR IS
0 200 400 600 800 1000
KA

m ALY A A gl
B9 FE1HEFHER

Fig.9 Maintenance status of scheme 1

HLAL10 F ¢ L EX ¢
HLAL9 ¢ ¢ e 600 E
HLALS * ¢ bl M
HLALT ¢ ® T D "
HLA6 ® ® ¢ o 0 ¢ !
HLZHS E ¢ | meé oo (]
HLA4 | ’ T L]
HLAL3 - ¢ o ¢ 00 ¢
HLA2 : ¢ i ¢ ¢
HLALL | ;| [ S U » °,
0 200 400 600 1000
KA

B ANEETGEAEY @ ALY Y (ME)
A NFEEHLYET (R 1E)

E10 FHE2EPER
Fig.10 Maintenance status of scheme 2
HiTE 9 /& 10 R0, 7E 1000 d N, 75 % 2 947
T YT AT, B TR SE el e R B E
HRBEX T R G n] 5 KL BGEAR BE AR, P 2 Fif
T3 SEAEH IR AR IS, TR 1 2 3 A fid O I ) A 22



125 RWIBH &5 - BT RO RS A (978 _E XU S B2 4 S

L 4
®--
>
L 4

Hldlio
HlL4io
HLZHS +
WL |
HLAH6
LS
M4 b
L3 +
HlgH2 b
HLEET | ! i .

0 200 400 600 800 1000

KA
B RSEATPI AR @ RE MY (ME)
A RFELNLYE (K1E)

11 775 3 MZEPER

Maintenance status of scheme 3

-
L
*

il e-e-e-m--
-

--o-0-0-B--

00 P-0-0--

-0-0-—-0-0--

-+t @->-0-B-0-0-0-0--
-0 -0 1-0-0-0-B--

RO -0l 0-0--

o-1
.......-.-.....
°-@

Fig.11
B9 Hr % 2 MAtRT A OB T R 1 £ —
Ko HILE M, FIEZ R 17 5, AR 447
77 20 1 R G AT RE BE 3 A R0 AN [, L4 3P TRl
P ik K B ) 2 i HE AU o
Hi[& 10 & 11 AT, 7E 1 000 d P, 7% 3 24
PHEAF R TR — IRHESP I, U0 3 D HLLL Y+
RGLAT T HEdr, o S fil & 15 B P 24 BT X 52
WA, I AR T 7 58 2, 50 R 4Edr i (] 4
PR TRV, LA, HEE AR TS, W
FAF AR 200, s i O T 4R B R R T
FEURS:— RPN B A R, I AE
SLBRYEA R, 2 IR R R A
WRAE 3 PR B 4Ed T S G0 B A 4L
B ARG 8% ] 2208 TR 98 1 L BT R 2 A4
PR IR LG, IR 12 PR .

1200
S 1120
1000 | w5222

v
800 | = 75 627708
600 561

400 346 285

227
200+ 17312124

Rl 382424
PR TAEAD ZZ@TH  Bs Y
% 7 7 WH KA
B 12 442 AL
Fig.12 Comparison of maintenance costs
3 P 7 SR 4ET B S 4R B YRR L N
S PR
WA 12 A1 S WL AR T O5 3 1, T4 2
MAESF R 22, (B S ZE 4 3 AR, Horp, 5 2
IR B s 1 298 J7 e, Ho g ARy 53% ,
WA T REIS, ERAEYE . 5752 1L, 7
23 TR, HA R P OB 2 B
[ AEdr 2 s . Horp, 738 3 sl THAA £
T 58 Jion, H IR T4 26%

W/t

263273

[N

x5 HIFHFREITLL
Table 5 Comparison of maintenance schemes
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Table 6 Variation of cost reduction with
service age regression factor

et 1l 3R A 1 P B/ TIOC TR %
(2n+1)/(6n+10) 691 38.4
(n+1)/(3n+5) 708 36.8
(n+2)/(3n+5) 727 35.1
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Table 7 Variation of the degree of cost improvement
with the number of spare parts in stock
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Table 8 Variation of cost reduction with weather
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Offshore wind farm opportunity maintenance strategy based on failure risk level
SONG Mingyang, QU Shengmin, QIN Shaoxi, YING Feixiang, MA Yongjie, HUANG Lingling
(College of Electrical Engineering,Shanghai University of Electric Power, Shanghai 200090, China)

Abstract : The maintenance cost of offshore wind farms accounts for a high proportion of the total cost of power generation. In
order to reduce the operational and maintenance costs of offshore wind farms, based on a reliability threshold, a maintenance
strategy is proposed in the paper that considers the fault-relatedness among subsystems and the subsystem fault risk levels of
wind turbine units. This strategy includes fault risk levels,dual reliability thresholds,and a maintenance matrix. Firstly,a fault
chain model is used to describe the fault relationships among subsystems of wind turbine units, and reliability models for each
subsystem are established. Secondly,the concept of multi-level maintenance is introduced, and the optimization model of wind
farm opportunity maintenance strategy considering the fault risk level is proposed. The risk factor of subsystem opportunity
maintenance is optimized using particle swarm algorithm, and then the maintenance strategy of a single unit is determined.
Thirdly,an offshore wind farm maintenance strategy optimization model based on the maintenance matrix is proposed by
considering factors such as offshore accessibility and spare parts inventory. The model takes the minimum total maintenance cost
per unit time as the objective function and dynamically adjusts the maintenance strategy according to the subsystem’s spare parts
inventory and failure risk level. Finally, a single wind turbine in an offshore wind farm is used as an example to analyse the
impact of factors such as accessibility and multilevel maintenance on the wind farm opportunity maintenance strategy. The
results show that the opportunity maintenance strategy considering the failure risk level can reduce the cost by 27.34%
compared with the traditional opportunity maintenance strategy, which verifies the effectiveness of the proposed opportunity
maintenance strategy in reducing maintenance costs.

Keywords : offshore wind farm;fault correlation ; comprehensive reliability ; maintenance matrix ; opportunity maintenance ; failure

risk level
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