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Online Monitoring of Offshore Wind Turbines and Submarine
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Abstract: . The sell-developed ®-OTDR system was used to demonstrate and verify in an off-
shore wind farm in Fujian Province. The state analysis and diagnosis of Marine blower unit under dif-
ferent working conditions such as start-up, operation and shutdown were realized, and the vibration
characteristics and diagnosis basis under different working conditions were summarized. In addition,
according to the monitoring and warning functions of submarine cable, such as current impact, anchor

damage towing, sailing of approaching ships, etc., the characteristics of target event perception under
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different state of submarine cable and surrounding environment were summarized. The measured re-

sults showed that the scheme could monitor the status of sea blower and submarine cable online, and

effectively perceive the surrounding environment, which could provide a reliable technical way to im-

prove the operation and maintenance level of offshore wind farms.

Key words: phase sensitive optical time-domain reflectometer(®-OTDR) ; submarine cable; off-

shore wind turbine; anchor damage; water flow impact; working condition analysis
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Fig.1 Influence of external sound field on optical fiber
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Fig.2 Layout of optical cable in wind turbine blade
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Fig.3 Optical cable layout in wind turbine tower
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Fig.4 Monitoring diagram of wind turbine startup process
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Fig.6  Monitoring diagram of wind turbine working process

£id 7N 543 %
F1 XHEARIRE,EG/MHAERHIREORES T
& 17

Tab.1 In different working conditions, the vibration of

the tower barrel/blade provides the basis for state

analysis
KL & R
T IR B R AIE L A4 P B FEAE Jl W AR A

WIRCRFR L SR
EES / /
R 7 i
e AE IR BT AR
B17 /

$1(0.43 Hz) IR

L FAEAERS  HE / /

3 HT O-OTDR ¥ 45 W

T B UE @-OTDR & 48 78 M 37 4 14 F S2 i 1
2 W T B AV A R A5 LA R o) ) B A 5 SR 1Y) g
7 AR 8 5 XUR 3 18 T I SR KR BE AT T K I o
o R R S, DL RO AT M R AT T LG
AT Wt

31 ®-OTDREZIHERLKES

ARG F WA 7R O-OTDR £ 41
GRAE R LML N, B AT Rk A0 KL T
sl F1 5 S L B3 22 18] i XLPE HVAC 4 ¥ S B, 45 f
BITUAGER o W45 AL T /K IR 2 20 K A I3k 1

R 1R HHL

1 L TH Rk

(b) HLB5 A ZEDASE
K7 ©OTDR &SEHk %
Fig.7 Deployment diagrams of ®-OTDR system

(c) M4 T &



51 5

9,5 BT ©— OTDR M XL % v 48 78 SR 25 Wil Jy s 59

MK 2.5~3m, B 7(c)PEE B =M, HE
o XLPE 2, 2068 R Bl 2, i 0 48 %<, il 9ol
E2 S (VAR R S L VA W e 1120 s S OB i/ )
B oy BAZ BN A IR BN X A1 ©-OTDR R S REAE
AR 205 4 ) A R A AR R

W E 8 (a) it 7, 43 il K K 58 B 5 f0 456 78 52 50
MR LK ESHETES Ly 1 m ik T4
DA 50 IF ¥ 45 6 K i wf o 4 ERORT K T A RV R 1
AT R B A B FE . B8 (b) WM RIR T
TS 1 05 (4 T TE T 28k B R LR T 4 R S R
1803k Wi 4% S AR AT HRT DA G IE Vg 45 X6 i LA 8k

Lk
He o

(b) M A
K8 iiEsimy

Fig.8 Marine experiment sites

3.2 LGRS

S AR R R ST A RS B AR DB
29300 m A 45 FT7 , SR Je A DK AL e A K R
TULENZY 19 m TR 3 48 R [ 5E 72 AT 1 R Bk R
WK o WK R, 25 B S g A R7E e |1 T 451907
o] R [ A7 3, S5 R ANE 9 Fir s o [ 9(a) A (S 5 1Y
I 25 Dy 3R A A AT B0 S X R T AR S 1 2
Ao M E K e A B IR 2 1% 7 B 4

B VAR P B B A e AR A, W R R B A
HE TR AR B 0 B R 295 m, 7 26 VI 29 +45
m, O 7 B TS 5 R BN 4 0 Ak T U R R e A —
B, A kT I Sh o e Rz R 54— B, DA
15 5 22 i BB A 380 81 40 B o 9 (b) B 7R T 3% B [
Btz 3] 13 WGESER v, AE 9(c) g2 5],
U 5 45 LS RAS SEMUE 5, BT G N R
5 AR AE |, 3 2 R (g ol 55 1 e e
G UE T @-OTDR F 4t %t g 45 32 21| Bl HL AL 2h 744 1

50

t/s

150
250 300 350
BEES / m
(a) BB Z B ERAT
600
400

AL / rad
[y*)
S
o 3
T
kY
—

-200}

-400

60000 120 140 160 180
t/s

(b) PRBHALE i1

100 120 140 160

t/s
(c) P B i Bk

(R S R EPI R

Fig.9 Results of water impacting cable

25 PRSI H7E B BOL SR 520 240 m A
15 100 kg (9 8y 840 A K o, DU Z R W A T4
4 77 1o A 46 18 LB SDUT B 4T . 2 O T A 4



60 it ) T E5a ¥N 438
B2 r= A PR, WS SR an i 10 i s o MO 10(a) XA e A sl . DN 11(h) B — {3 B 1 i) 8 i T2
A E 5 W 28 T R4 A A o] LA 21, i 38T P L2 3, s 28 o R L Y AR 7 FR 5 AR B AR
R A 340 m B AT, BT RE R SE T4 14> 59, % B A A e M o e R . K11 ()

Zoh . BEE AR RIS R, 2 ) 0 483 R 3 i R
R, ik 8] T 100 mo 9 6] A 5 UCCHE 14 754 ot
B AR o X T B P, S A A S A A
X FR VTP LI AR, X 500 85— g R 52
ﬁRﬁLﬁﬁﬁL~gﬁﬁﬁA 5K i 52
5 45 A LL B At A S R aR I R 2 JF B

IR BT 4R B B 58 Al e BB R 1s DA b SRR A B
P11 (a) oAy 328 25 1 R 2R A IR 8 2 AL 2 B 8 I
23 Uy Ao A A o AR B il 00 8 L

40
60
" 80
=
100
120
140 250 300 350 400 450
PEES / m
(a) B ZMANEAE
10001 ‘
500 i ‘ ! |
2 ‘ |
= I
4::‘ ofF— >«v!',‘.t,m|‘.‘.}_ ‘HJW%W« | |wwm
= | ‘
-500} \
-1 000 \ | ‘
40 60 80 100 120 140
t/s
(b) Piahir B fm s

120

4 60 80 100 140
t/s
(c) PhBN A7 B J B e FL

P10 il 5 A5 0L 00 3 2R

Fig.10 Simulation test results of anchor damage

Sk X RO (A AR R R 2R g B A R R AR
Iy FEARTE 2 Hz~ 3 Hz Z [0 o 43 BT i 0 3R 4 AF S
BT SRR 3 75 5 5 K PR 3G R G S iR +
HEVE TS5 1R 0 AR R M H 25 i 3 B ik
WEEAEH TS, ot , i i S E &
TR R R K sh L B R IR S R A . FERAT L AR

o, HUBE AR 80~170 % /min 22 A5, IF 7= AR MR Sy
2 Hz ~ 3 Hz BYMR 75 (5 5, 1 55 52 40 e 00 381 1) 45 2R —
o R2EGE TARRI R PSR
AR

A M I e %ok A
B H AR SRR

200 300 400 500 600
PEES /m
(a) M R 283k I B e 2 43 A7 AT P
30
\
1o} ﬂ
§ 0 !ﬁ«‘\“ ﬂjw H H \‘ %‘ ‘ J
. H J b HJ ’1"
Z-10t
20}
-30
110 115 120 125 130
t/s
(b) At R &5t fR K

f/Hz

110 115 120 125 130
t/s
(c) M R et i) o B 2 4 R

FEI11 s R i 19 ©-OTDR Wi il 2%
Fig.11 ®-OTDR monitoring results with ships passing

through the channel
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