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Modeling of Equipment Reliability for Offshore Wind Farm Substation
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Abstract: Offshore substation is the key to offshore wind farm power energy transmission. A novel modeling method based
on Markov process was put forward for reliability research of offshore substation electrical equipment. Firstly, operation condition
of electrical equipment was divided in order to determine the two state Markov model. Secondly, through analysis of connection
form of basic electrical element, its state transition probability matrix and a transition probability density matrix were established.
The reliability model of major offshore wind farm substation equipment such as transformers, bus—bar, and cable was established
based on Markov equation. The reliability index of the offshore wind farm substation systems was analyzed. Finally, on the basis of
some offshore wind farm specific data, combining with the reliability model, the reliability index of the offshore wind farm
substation system was analyzed.

Key words: offshore substation; Markov process; reliability modeling

FSEHA: 2013-06-22
HEMB: BREARFETINE(61273172)
TEZEN: F1967—), &, BITESIN, AR SN MEERKRBFHMSITHIF AR



<12 - ¥ & &5 I B

20134F 10 H

ity b X TR S BB IR, H AT E T
PHZBTF R AR R i A A PR, B2 45 A 1 ]
F SR K FE s AT SR 55 AH LU Rt XU
M, AARKAE"N, H AT, B B A i 3
PR, A R B 14 ] SR A 5 AR A5 R X
B MR BB S R G A TR L A B
TR, RIS 4E P ] 4R M RG24
ekt o e TRl VR D IXUR 377 Fi BE A i 1) S BE B
,CATSEVEF ST I b XU 7 1E W AT 1 A

12]
o

H Al AR 2227 % DXL HL 37 A4 B 52 52 Wi 1) £ JE AF
U XA B AT SE 1k . Takoudis HRFE S 47
W& T BN T 3 b AN [] 1Y 4 Hl R e 4224y KOG IXUH,
Gyl SEPE RS, T UE ] T I0 R B a] SE B v
RGPLAE" s SCHRR41U0T 3 AN E) XU S AR L 3R
GEEAT AT SR PTAL L ERY . Underbrink 558 A6 -
XU R 5 L R G h A R o ERE T R GE AT S
SMHEAT 1A T PRSI AT E N SIS i
JRUHL 3 T 3l 1 H AR A A B (R AT SE PR B9 2
T H IR AT R AR A L AR W] SR AR T
FCWSRE S T8 FEAR S L ) RG] A
PERIFFE R ARAS 1) I B W A, S o T e i
HL SR A I T PR HEAT 7007, i H RS SR
A RABIRY AE el AR B /R AT R 5 AR N v b
JUHL 37 T il ) 32 A AT SRR AR A SR i i
A SEVERR R

Sy

1 BRIRFTHDRATRER

L ) R 48 HL AR 1) A3 i e AR R B
S TAEFI sz i s B o 2% L TR
TARRES A 1R

TEHL ) R Gl S e Ry T S A B, o
PR A AR S A BEHLAS B, HoPE B nT S 53 A
AR o I B3 A1 AT AU 1A B 8 1) A o ) A
&S It Ia], W AT 4G 52 ST A8 FH A i o AR A i DA
FER AT

(x >0)

x) = Be_ﬁx
gul) {0 (x <0)

TR R R P A DA 500 A R, i 48 5500 Al
SEME——Fp B ICIC L RRE ) o A TE 2 DY iR 4%

(1)

K1 A RGO ARSI

Fig. 1 Power system components and equipment state division

diagram
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Fig. 2 Two state Markov model
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Fig. 5 Simplified state model of circuit breaker
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Table 1 Original reliability data of booster station equipment

W Wl Wi 2 RAS L5575 HEHES(1 km) L8 (10 km)
By -a™t) 0.06 0.0344 0.012 0.015 0.15
t/(h-¥K) 1 480 96 240 480
wo/(R-a) 8760 18.25 91.25 36.5 18.25
B/ (K -a™) 1 0.02
te/ (h+¥K") 146 240
/(R -a™) 60 36.5
Bw/(U-a™) 0.2 1 0.5
tw/(h= 1K) 175 240 84
wn/ (WK -a™t) 50.1 36.5 104.285
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Table 2 Reliability index of booster station equipment

B MBI Wi ARy L RS km)  HEAZE(10 km)

Ao/ (R -a™) 1 0.08 0.0344 0.012 0.015 0.15
1/ (h-3C") 146 60.75 480 96 240 480
prl (W -a™) 60 144.20 18.25 91.25 36.5 18.25

Py 0.983 606 6 0.993 862 1 0.971 5509 0.995 098 1 0.999 589 2 0.991 847 8

Py 1.6393E-2 5445819 5E-4

P 1639344 3E-2  6.807274 6E-6  1.8313068E-3 1.308622 1E-4  0.000410 8 0.008 152 2

Py 3.9675134E-3  2.661 783 2E-2  4.771 050 9E-3
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