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Fatigue crack propagation analysis and life prediction
of mooring line for floating wind turbine
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Abstract: Mooring lines are prone to fatigue damage or even fracture due to the long—term exposure of float-
ing wind turbine to marine environmental loads. At present, the mainstream S—N/T-N curve methods have
many defects, such as high discretization of results and inability to consider initial cracks. The fracture me-
chanics method can analyze the fatigue life of structures with initial cracks. However, the analysis of large
structures by fracture mechanics is inefficient and complex, and it is difficult to achieve accurate prediction
from time—domain load analysis to fatigue life using a single general software. In this paper, a framework
based on PYTHON for fatigue crack propagation was constructed, and a fatigue crack propagation program

for mooring lines was developed based on the fracture mechanics method in conjunction with SESAM,
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ABAQUS, and Franc 3D softwares, which enables the simulation of fatigue crack propagation processes un-
der different sea conditions. Secondly, as an example, the fatigue life of No.1 mooring line of OC4 semi—sub-
mersible floating wind turbine was calculated by using this program. Finally, the parametric study of the an-
chor chain was carried out, based on the fatigue life calculation results of No.1 mooring line. The results show
that the crack growth rate in the crown section of the mooring chain is the fastest, and the fatigue life is the
shortest, which is about 74% and 36% of those in the bending section and the straight section, respectively.
The initial crack morphology has a significant effect on the fatigue life of mooring cable. The increase of the
initial crack size and the decrease of length—depth ratio both result in a decrease in the fatigue life of moor-
ing lines. The research work can provide technical support for the design and analysis of mooring line of float-
ing wind turbines.

Key words: mooring line; fracture mechanics; fatigue crack propagation; fatigue life prediction
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Fig.1 Assessment process of mooring chain fatigue life
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Fig.3 Calculation diagram of crack morphology in local coordinate system
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Tab.1 Critical crack depth at each key point of the mooring chain
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Tab.2 Main parameters of OC4-DeepCwind mooring line

BRI Bl SR ol
RIAGECE /MR 3 BEBEARN S A /m 835.5
B KRR IR /m 200 i5E AR /m 0.0766
FHALIEK LR F IR E /m 14 Rt 257 A< B R/ (kgem ™) 113.35




256 B 2% 5520 655 2 1

gFxR2
SR BUH SR AL A
B B IR O 2R R /m 837.6 it S SO B /(MN-m ™) 753.6
S AL R R 2R 2 A /m 40.868

2.1.2 fifiiE R 5 ARG AY

AL FH SIS BLAE N 76.6 mm [ TCRY B BEVE WA FERT S AR ALY 1SO 1704 &5 34 (1) LA 2
BN & s Fros . BeAh, 9% 55 2480 A T A58 ) 45 h A7, Gabrielsen SR FSY 3R BH | B BEAE PR V) 4R
SAGUH e A TR ) B B N A 25 B 9 DL e B AMI — A7, an R S TR o

I~6D
Y
Pl
; i AABHRERL
w=33s5p ... CC_ - ) -------- |- BBRTEEIL
! R=0.675D ! .
: — C-C MERL
D
] \

5 JorifsE Nt R 5y 9 55 0 s B 1R
Fig.5 Size of a studless chain and its locations prone to fatigue damage

FH ABAQUS A7 BRIT/M A HEAT AR, (07 ] — 15 8 i S 20 LA 12 B B e A i) =
TR HE BOE A BROTACRY, I (1] Be g B A BEBEPME AT ST 0 R AN 18T 6 fir s . AR ] C3D8R
BATTHEAT WM R o3, e PR PN Sk A1 1 1] g * R4 ™ | UI) 1) FEE 45 2R KA 0.3 ) T — T 422 fih , 0 32 fh I
SRS SEAT ANAL LA THEE B S o 7R b — AR 8RR AMNBE 275 5, 275 1 5 2P BE P 2 57
ISR 770 M0 5 PR AR it i 4= 29 3R, A 0022 s A Tt T s o Bl 2 1) 699 4R 70, 4R i it
WP 5 A FH R A% 3 3 > B BRI, DL RIS i 32 2 0 PR

&l 6 JokY it A PR oAl
Fig.6 Finite element model of studless link chain

2.2 RIAGK A
2.2.1 MR IREE T 25

(1) BIRFT#k

FETT I AR P AR SCEE BT Hp [ e ¥ S4 i DX A I R B IR O, 1 FH R e 38 YR AT 1 367 R il
MO, FF R JONSW AP 5 A P TR A B 40 A o §i5 06 Ry B 3.3, il i JONSWAP i 4 2, FoATTnT A 4
VA DL U0 v R A AR LR T B YR . JONSWAP 3 k=0 T

(o-o)

1.2905H” g )’ “P[ o }
S(w)= 7’gexp {— 1.25 (’) } y L (7)
w

T'w’

007 w<o,
77009 0>, ®



240 Fy . VSRR IS0 5 B AT -+ 257

1.0 T,>5/H,
y=1exp(5.57 - LIST,/JH.)  3.6\/H <T,<5/H, 9)
5.0 T,<3.6\/H,

K, IR AR rad/s ;o RIS SE g ME TN B R m/s™ s, RREUENIR B A rad/s ;
H AT SCRE S SR m TR i 0 SR SRR s 5y i e Tt s PR, T AR IR R TR e d 4 TP RR

(2) R far 2k

U 11 A XBLTE IR A R 9 32 PRI 2 278 2 RN T 32 XU R R B 25 A AL,
LI 75 R AT B FFE S5 H A5 o SEBR b VI b 4 R R Ak T ah S A Ak rp , HA i Tk
S ML T AR AT X X Fp I 0T LB AR R SR S e & i . Sk 1 5 g i fige g
it X7 X 1 72 Al AR FEHEVE AR R 51 A APL S NPD XU, % SCAE 8 XU 28 5% ] T NPD X
%, NPD K2k 7R

300[ L (=)”
S /)= (10) (10) (10)
) (1 +f)%
Hrr,
F= 172/ = (L) 11
/= f(lo) (10) (11)

o, S () NIRRT BRGE BT 3 U, IR 10 m &b 1 /N2 JGH, 507 K mis 3 f S KUHUIR 5, —
HUE R 1/600~0.5 Hz;n Ry H L, — B HUE M 0.468 .
(3) BRI IR
7 3k A R R BT B B IR B S R TR DL AR R8O 64 A HAERVERY RO, 3R
HRGI S AU R A SO R H Y S R TR T OXGE V, B AR AR R A AR P BT L R
B35 A T R ), AR AR SCH AN 25 TR I AR A
R3 HIBHRAESH

Tab.3 Parameters of the sea states of South China Sea

T H /m T, /s V, /(m-s™") Pl% L H /m T,/Is V., /[(ms™) P /%
1 0.250 35 3.4 0.1 33 1.050 8 8.4 1.3
2 0.250 4 3.8 1.0 34 1.550 8 10.0 2.5
3 0.675 4 5.6 0.8 35 2.175 8 12.0 3.0
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Tab.5 The summary of mooring cable tension in typical sea conditions
with rain flow counting method
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Fig.14 Fatigue life curves of different parts of mooring chain
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Tab.6 Summary of fatigue life of each part of mooring chain

BB 15 RIA% 25 RIALS 35 RIAL
HLBy 164 5975 5848
i By 80 2907 2850

ek B ly 59 2149 2105
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Tab.7 Initial crack parameters

Ry VIR BOE S
S1 S2 s3 S4 S5
42K a/mm 0.3 0.5 0.7 1.0 1.5
ZIBCIR E c/mm 0.3 0.5 0.7 0.5 0.5
MK 1 1 1 2 3
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Fig.16 Fatigue life curves of mooring line with different initial crack sizes
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Fig.17 Fatigue life curve of mooring line with different initial crack shape
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Tab.8 The ratio of fatigue life of mooring chain
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