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Structural and Fatigue Strength Evaluation of a
Fairlead Chain Stopper for Floating Offshore Wind Turbines

Youngjae Yu*, Sanghyun Park*, Youngsik Jang* and Sangrai Cho**

Key Words : Floating Offshore Wind Turbine (7% 3452 ¥-417)), Fairlead Chain Stopper (0121 E 9/ ET),
Structural Strength Analysis (T-Z73£3)/4]), Fatigue Strength Analysis (F-Z7E38)]4]), Disconnectable
Mooring System (F3FE AFA2H)

ABSTRACT

In this study, a structural and fatigue strength evaluation of the Fairlead Chain Stopper (FCS) was performed
as a part of the development of a disconnectable mooring system to be applied to 10MW floating offshore wind
power generation systems. To estimate the load acting on the FCS, a 10 MW semi-submersible floater was
designed using the 10 MW wind turbine developed by Technical University of Denmark(DTU). The minimum
breaking load (MBL) of the grade R5 and 147mm mooring chain was applied for the FCS strength analysis.
The fatigue load was obtained from the coupled analysis results conducted by a collaborating research institute.
The structural and fatigue safety of FCS were evaluated in accordance with DNV codes. From the evaluation
results, it was confirmed that the FCS satisfies the structural and fatigue safety requirements.

7|§ N %1 A, ¢ The area of the gvelt.uming moment curve
Ay ¢ The area of the righting moment curve
COD : Co-Direction d : Mooring chain diameter [mm]
DFF : Design Fatigue Factor D : Accumulated fatigue damage
DWR . Design Working Range k : Number of stress block
DIA @ Design Inlet Angle Number of cycles in #*" stress block

n :
FLS - Fatigue Limit State N, Number of cycles to failure at constant stress
FOWT:. Floating Offshore Wind Turbine

MBL : Minimum Breaking Load range Ao,

: Minimum Breaking Loa S

MUL : Multi-Direction Vi Cut-in Wm,d speed [m/s]

NTM : Normal Turbulence Model Vour + Cutout wind speed [m/s]

NSS : Normal Sea State Viwy + Wind speed at hub height [m/s]
ULS : Ultimate Limit State V..; + Reference wind speed [m/s]
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Fig. 1 Semi-submersible floating platform
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Fig. 2 Mooring configuration
Table 1 Principal particulars of FOWT
Parameter Unit Value
Design length m 675
Design beam m 4497
Length over all m 795
Design draft m 155
Floating structure weight ton 3400
Wind turbine with tower ton 1330
Outfitting weight ton 250
FCS weight ton 120
Static mooring load ton 461
Water ballast ton 5167
Displacement ton 10728
2.2 oHEN HIt
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Table 2 Intact stability evaluation

Condition Requirement Result(Ap/Ap)

Operating 1.30 1.50

Parked 1.30 2.21
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- FCS housing: tH& FFE& AAG L F/A4 A
A Fz9} A4

- FCS arm: A2S 7Fol=3&}aL, stopper 35S
FCS housing®l] *

- Chain wheel: A2/32 5 A

- Chain stopper: &8 & & AX/34 5 24
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(9) Main pin

/— (2) Top plate

(4) Wall plate

Arm pin bearing plate
(5) Arm pin plate

\ (10) Arm pin
(1) Base plate
(6) wall plate

(7) Chain stopper-
(8) Chain stopper block

Fig. 3 Designed FCS

Table 3 FCS components and their vield strengths

Yield
strength
[MPal]

Component Material

(1) Base plate A6%4 F70 485

(2) Top plate A694 F70 485

FCS
housing |(3) Arm pin bearing A6 F70 15
plate
(4) Wall plate Al131 DH36 310
(5) Arm pin plate Al131 DH36 310
(6) Wall plate Al131 DH36 310
FCS

arm  |(7) Chain stopper SCM 440 834

(8) Chain stopper AGY F70 A5

block
(9) Main pin SCM 440 834
Pins
(10) Arm pin SCM 440 834
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Fig. 4 Result of mesh convergence test

Fig. 5 Finite element model

3.3 3ilM FA=A

MY mEde Fig 639} o] FCSS} -4 A 7
Z Q¥E ZFIE HaA 2 dddE yRe

oo Az
A% olgate]
o g

e

RS AReHSITh
! A& Z7A8 Table 49 2t}

Fixed support

Fig. 6 Analysis model

Table 4 Boundary conditions

Boundary Component Condition
Constraint Support Fixed
Friction
Contact Steel to steel coefficient (05)
. Friction
Contact Steel to bushing coefficient (0.3)
Contact Bolting Tie
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Fig. 7 Load application angles [6]
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U, Magnitude(m)
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+6,625e-03
+6,223e-03
+5.821e-03
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Fig. 9 Displacement contour of FCS Arm at 10°
(scale factor x50)
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Table 5 FCS Structural safety evaluation result

Fig 8 Equivalent stress of FCS at 10°
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Allowable Max. equivalent
Part| Component stress stress [MPa]
[MPa] 10° 24.5°
]
¢ 9'::852:83 (1) | Base plate 437 236 190
P (2) | Top plate 437 199 277
i .
:3:3102103 pin
SR || e | 97| 90 | 0
+1.104e+08
135000404 (4) | Wall plate 279 283 217
(5) | Arm pin plate 279 246 250
(6) | Wall plate 279 246 267
(7) | Chain stopper 751 662 662
®) Chain stopper 437 136 136
block
(9) | Main pin 751 242 257
(10)| Arm pin 751 95 93




S, Mises (Pa)
(Avg: 75%)
+2,829e+08
+2.790e+08
+2,559%e+08
+2.328e+08
+2.097e+08
+1.866e+08
+1.635e+08
+1.404e+08
+1.173e+08
+9.419e+07
+7.109e+07
+4,.799e+07
+2.489e+07
+1.789e+06
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Table 6 Design load cases for fatigue analysis
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Metocean

DLC

Wind Wave | Direction | Current

NTM

1.2
VinVhup<Vout

NSS coD n/a
NTM
6.4 Vb <Vin

Vour Vhun<0.7V et

10

- HYA -z
Table 7 Probability of each design load cases
Wind Wave .
. Probabilit;
DLC | Condition speed height v
[m/s] [m] [%]
4 0.21 18705
6 0.21 21.599
8 0.66 19.147
10 1.26 11.883
12 214 5.817
12 Operating 14 3.34 2.341
16 4.3 1.105
18 495 0.407
20 543 0.141
22 582 0.054
24 6.14 0.022
0 0.21 359%
2 0.21 15.174
26 6.42 0.004
64 | Parked %3 667 0.001
30 6.9 0.001
32 7.11 0.002
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Fig. 11 Fatigue load of mooring line #2 at DLC 1.2
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Fig. 12 Fatigue load of mooring line #2 at DLC 6.4
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Table 8 Hot-spot stress for screened zones under unit tension
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Table 9 S-N curves for fatigue life calculation

Z(Lne Component Condition (Isu;lje

1 Top plate Non-welded C

2 Arm pin bearing plate | Non-welded B1
3 Wall plate Welded

4 Arm pin plate Non-welded

5 Wall plate Welded D
6 Chain stopper block Non-welded Bl
7 Main pin Non-welded Bl
8 Arm pin Non-welded Bl

1000

of 1kN
Max. Principal %m geaull |
Zone# Component DLC stress 3 : sEnEE S
[MPa] S :
FCS housing 12 0.1361 R R i
1 N §
- Top plate 6.4 0.1294 [ y
5 FCS housing 12 0.1833 i fl
- Arm pin bearing plate | 64 0.2129 et osees . orer s
FCS housi 12 0.0342
3 - Waﬁuziztge 6.4 0.0506 Fig. 14 S-N Curves in air9]
4 FCS arm 12 0.1028 _
- Amm pin plate 64 0.0895 5.4 O2 2T "I}
5 FCS arm 12 0.0592
- Wall plate 64 00703 FCSe| 9% g Adste] 47 ekl A DFF)
6 FCS arm 1.2 0.1603 oﬂ T:H?l— E}-é_ o%l?_i j,]i 701,5;_ %7]‘5 ‘6’]—%1’4—, ’%71"
- Chain stopper block 6.4 0.1601 swe A A% Ay 20d, AAAE 54 74A
7 |Main pin é’i 8'1?;3 o £ pdor AXEYon DFF:E 22 #43it
1'2 0.0854 W 248E Palmgren-Minerd A% 2
8 |Am pin 6.4 0'1542 (linear cumulative damage)2.Z AlMFsti o 2 (3)
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Table 10 Fatigue evaluation results in Air

Zone DEE
4 Component DLC DLC Combined
1.2 6.4
1 Top plate 9 3689 9
2 |Arm pin bearing plate| 15 1990 15
3 Wall plate 641 19686 621
4 Arm pin plate 33 14560 33
5 Wall plate 4 5818 43
6 Chain stopper block 33 6537 32
7 Main pin 16 4097 16
8 Arm pin 727 7667 664
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