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A Study on the Strength Evaluation Method of Submersible
Mooring Pulleys for Detachable Mooring Systems

Kangsu Lee  and Byoungjae Park”

Key Words : SMP(Submersible Mooring Pulley) (¥F74] 7019 &2]), Detachable mooring system (37 FA2H),
AISC(Anmerican Institute of Steel Construction) (7]=737-Z8}2]), Finite element method (73254,

mesh convergence (Y7155 75)

ABSTRACT

Rapid progress is being made in foundational technology research and engineering for the construction of
floating offshore wind farms. There is active development of technology for detachable mooring systems, which
have strengths in addressing maintenance issues that arise in floating offshore wind farms and enhance their
economic viability. Conventional detachable mooring systems use Kenter links inserted into the middle of
mooring chains, which require excessive time for retrieval by Anchor Handling Tug Supply (AHTS) vessels
during detachment operations. Moreover, these operations pose risks of link damage and accidents. Therefore,
there is a demand for the development of a new concept of detachable mooring systems. The proposed
detachable mooring system in this study simultaneously integrates a fairlead chain stoppers (FCS) and
submersible mooring pulleys (SMP), which enables all operations to be conducted on the AHTS vessel without
underwater tasks. This study detailed the design and safety evaluation of the SMP, a core component of the
detachable mooring system, based on the minimum breaking load (MBL) of selected mooring lines according to
the capacity of the floating platform. It referenced international codes (AISC Specification for Structural Steel
Buildings D5, Pin-Connected Members) for design verification and performed finite element analysis to evaluate
the strength of major components in installation and operation scenarios. Additionally, procedures and techniques
for evaluating the structural strength of components under uncertain boundary conditions were proposed.
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Al FCS9 d4dH AR, BA} o] 7
SMP2] Chain Stopper®} ShackleS &3 8-S 4
Al "ok mEA SMPE #4594l
Chain Stopper, Chain Wheel Pind} <74%

e
ith)
i)
—_)‘4—1‘4
0,

Wall
Plate, Shackle Pin Blockol|l #Faf zZ}z} +z27 %o} A
AZEE wEdor sty A AZFEAZ FEE 5 Sl bt
= Wall plate®} Shackle Pin Blockol] t3F AISC =
= 7)9E AAA| G gk AEBIE Feta, 34
AXFzE N} A ERE B8 SEHREEE &9l
star s o] Mltd ¢ JEE FAHME
stk ZH7hel FAEEe SR 2HE ASole
Az A met A stEFeAAIE WE
I $EPT T G Atk =
=1 e

Table 1 List of Components for Submersible Mooring Pulley

L Chain Wheel

Chain Stopper

Fig. 2 Main component of Submersible Mooring Pulley

Stainless Steel

Components Materials Strenziti?Mpa) St;iﬂg;?};/l[;)
Chain Wheel Al148 Casting 585 5265
Shackle Pin Block A694 F65 450 405
Chain Stopper A668 Class L 535~725 526.5~652.5
Chain Stopper Block AB68 Class L 585~725 5265~6525
Wall Plate Al31 Grade DH36 3% 3195
Cheek Plate Al31 Grade DH36 3% 3195
Locking Plate Al131 Grade DH36 3% 3195
Stiffener Plate Al131 Grade DH36 3% 3195
Guide Plate Al31 Grade DH36 3% 3195
Chain Wheel Pin AT Typ‘; tg Stainless 620 558
Chain Stopper Pin AT Type 431 620 558

SENUXNNE: M15A, M1=, 2024
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B 7ts 8staAl = Wall Plate9} Shackle
Pin Blocke E5F #3 d4" FAZ & 4 glon,
Fig. 3(a)¢} 7] AISC(American Institute of Steel
Construction) D5. Pin-connected memberol we} A
AATE AT + Atk A71A, de= A AE
shgol A-&st= Wake] 3 BAjg el u EAg
o] Ag, b stF g Wk I A
2AE Atole] A, cv FAY fillet
I BAEet A BAE Abolo] AR, we 5}%94
gk wgke] ko] F ZolE owsit). 7}
AA A= Fig. 3(b)9} Fig. 3(c)9 2ol 2394§_h4.

=
T
=

-

o
T
s

/\ Approx. A,

Ja +d/2

\
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(c) Dimension of shackle pin block

Fig. 3 AISC based Initial design parameter and dimension
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o] wE AA 42 37]% Table 2 2 Table 3
7} 2t} Wall Plate?] 4%, E5Z4Q A A% H7t
S g Roly AUH FRB o2 DA} 48
@ g JFos AANSE s,
Table 2 Dimensions of wall plate
Item Symbol Unit Value
Plate thickness t mm 80
Pin diameter d mm 380
Plate width w mm 345
Distance between pin
edge and plate edge
measured plate’s fillet ¢ mm 160
edge
Distance between pin
edge and plate edge
measured parallel to a mm 160
loading
Distance between pin by mm 305
edge and plate edge
measured normal to by mm 160
loading
Table 3 Dimensions of shackle pin block
Item Symbol Unit Value
Plate thickness t mm 205
Pin diameter d mm 207
Plate width w mm 500
Distance between pin
edge and plate edge
measured plate’s fillet ¢ mm 1465
edge
Distance between pin
edge and plate edge
measured parallel to a mm 1465
loading
Distance between pin
edge and plate edge
measured normal to b om 1465
loading
SEUHUXNHE - H153, H1E, 2024



919l AAIA4=7}F AISC D5 Pin—connected member
o digt AASFALS v A AEE T8
t}. AISC D5 Pin—connected member ¥# ZE+= o}
He A (D~@} Ze AALTFZUE AAsH
Table 3-2, 3-3°] AAAF7F 4 (D~AE ok
A HEZ Fstdrh o714 2 (2)9] bew shEl

FAR Y B wAst A B4 Aol AE
oJrls bol UE f& Dol sk, 4 29 3
2, bel gol berth A& 49, b, U4 bE A ()

(4) At ARESILE B EvhES wall plate$} shackle
pin blocke. 2 &3] Hrlsiy FA7HE F=A =3

A= Table 49} 59 WeR At
c=>a 1)
b,=2t+16 <D )
a > 1.33b, (3)
w = 2b,+d (4)

61714, Wall plate®t Shackle Pin Block?] A &0l
e ZJEE ASTM  Standard — Specification  for
Structural Steel for shipel wz2H, AHJH& Zhzh
ASTM A694 F659F Al31 Grade DH36,

460 % 355[Mpal, 147EE= 530 2 490[Mpal o]t}

FRAEE

Table 4 Design requirements of wall plate

Trem Unit | Result %Teecrf{a
c>a mm 160 OK

bh=26+16=0b | mm | 160 Not OK

a>133, | mm | 2408 | Not OK
w=2h,+d | mm | 72 OK

Table 5 Design requirements of shackle pin block

Trem Unit | Result Cclfeecrllf
c>a mm 1465 OK

b,=2t+16 =<0 | mm | 1465 Not OK

a>133, | mm | 1988 Not OK
w=2b+d | mm | 50 OK

SEMUXNE: M153, M1z, 2024

Z2[o| FEZEYIIH

Al

12

e
st
re

%L
2.3 AISC ZE7|4F M Z2=dI}

AAATE ]H“’i Wall Plate®} Shackle Pin
Block®] &7 %2E AN F dom Atke &8%
% (Available strength)9} A7 Z=E wwste] A7
Zrd digk JrtE Fgedt sedEE 4 (59
LRFD(G}5 A A2 A, Load and Resistance
Factor  Design)¢t 2 (6)9  ASD(3 &4,
Allowable Strength Design) B oz Ztz Aalke 4
&t

R, < ®R, ®)

47|, R, = ASDHES Tl Aiker AA ZA=E, 2

S-S Yu]sith. AISC AARZCA Aotal=
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(a) Tensile rupture strength
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(c) Tensile yielding strength (d) Bearing strength
Fig. 4 AISC code based strength evaluation for design
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Table 6 Design strength check for wall plate

_ TTRD Method
gl Il IS A e
[kN] [kN] [kN]
R, 13798 | 16464 | 23998 | 1942
@ 075
DR, 1039 | 12348 | 1799 | 14569
R, 5978
PR, /R, 173 | 2070 | 301 | 24
Tensile Sll?esalr) Met’{‘lggsile
Sg}fgcg}:h mi)r;lre rupture | yielding B(E;aﬁ.r]lg
[kN] [kN] [kN]
R, 13798 | 16464 | 23998 | 194%
0 20
R,/0 639 | 8232 | now | 972
R, 4,982
(R/Q)/R,| 138 | 165 | 241 | 1%
Table 7 Design strength check for shackle pin block
Tensil SEFRD Me%hOd'l
enslle ear ensile .
Stcr}elzcg}:h rupture rupture | yielding B?aklljlr]lg
[kN] [kN] [kN]
R, 3184 | 32595 | 46125 | 3437
& 075
IR, 5875 | uae | 4593 | 25779
R, 8917
PR, /R, 268 | 274 | 3% | 28
Tensile Sl?esalr) Met”}l(e)gsile
Stcr}elzcg}:h rupture rupture | yielding B?aklljlr]lg
[kN] [kN] [kN]
R, 3184 | 325% | 46125 | 3437
0 20
R,/Q 15917 | 16208 | 23083 | 17186
R, 7431
(R/)/R,] 214 | 219 | 310 [ 231
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LN

LRFD %9l A9 resistance factor® #3ate]
F SR EE At =3, A4 Bxrt Zes
(Live load)?l A% 1.2, Aslzel A9 1.6& &3t
Agsty, ASD W] A§, safety factorZ Y7o
A% 344 E At Wall plate?] Fell 2Hg-3)
v 59 A9, s AHTS 940 93 354
a#stgen, o] X Winch capacity®l 500

ton(4,982 kN)o] Wall Plate®] A7 Z%ko] sjdghch.
AR o3l g TS AlstEoR 485t
LRFD W oz 7t Al AA Z=el Ag 1258 wst
o] #8319t} Shackle Pin Blockel #-&38t= 8152
4%, SMPe AA}TYd  R5 A Q1]
MBL(Minimum Breaking Load)¢l 22,294 kN¢] Hut
o e stes ALAon, AL AZd
1 Shackleo] 371¢] Shackle Pin Block¥} 9172 ¢
orv=z $ 359 1/3% Shackle Pin Blocke] 47|
T2 Hgs9h AA 75_ H7F A3, Wall Plate?]
7§ Table 63 o] 4 L7t HE S EAEE
T A ge As ANtk HE A=
tu] A7 e vz g g A 7Y 2
Rog EAFoH, ol Wall Plate7} 1733}0]
7P FAkd g AoR ohdr) Shackle Pin
Block®] 7%, Wall Plate¢} nIz7HA2 HF s &4 %
oy AA AEe w7 AR A Y 2
A& skt

=t X
[S=]

Al
o)
A
A

A

=1 8-

ouv=

SMP= #5971 &
Aeetn

s Alolm o 7|FEo R

}E0] Z7(Symmetry Condition)2

Fig. 5 FE model of SMP Whole system
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Fig. 6 Mesh convergence test result

Workbench V22 R1& AFE3F1 2 Fig. 63 7o) ++%
A Mesh)E FHE HAES Fasto] AL} 3
AAZHE sl 20 mmA 7|2 AAE A

3.2 SMPO| A& & FAxA

7} Components 7te] & 2 ZAAZ A&¥
Az AE BV Guidance Note NI 604 DT R00 E
243199 tt.  Housing ¥
Shackleq] +&US

pp15E  FHasdte] (03B
Stopper?] dZAHE=

e st

All Fived

(b) housing-stopper parts

Fig. 7 Boundary conditions of SMP Components
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3.3.1 Mooring Chain &0 st PXZTmI}
(CASE )

SMP7} Mooring Chain®l SH&& Fa3s7] ¢lsi4l
¥ Mooring Chain® % 52 1 ol4e] ZEE &
watojof str . GAAFA A~ HLHE Chaind
MBL(Maximum Breaking Load)E %-&8le] 7274 %
H7ME sk out, AAlsteel HEEHA ¢
Chain Wheel, Bushing ¥ Chain Stopper Pin< 3] 4]
Al s &tk CASE 19 Z$oll= Shackle &
AFo] Shackled #+29S H&3ste] Compression
Only Support's 2433 Upper Chain Stoppere] Al
olo] HEske= Well MBL(22,294 kN)<o| Aol 11.147
KN(Symmetry Condition)& 4-&3&.om 285 27
x1 9 ssx1de Fg. 84 2.

Fig. 8 Boundary conditions for CASE |

3.3.1,1 CASE 19| T*ZollA{21}

Fig. 99} Fig. 103} z*o] Chain Stopper2} Chain
Stopper Blockoll Al AF&¥ A8 &S (5265~
6525 MPa)S 23t &5(Hd 791 MPa)o] HAYst
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Fig. 9 Boundary conditions for CASE |

Fig. 10 Displacement of Chain Stopper & Stopper Block in
CASE

Fig. 7 Boundary conditions of SMP Components

RoL} olF A93ta BE EOA FgH3EH oy
S Yehdth Fig. a9t (b)olAl SMP %14
2 Chain Stopper$} Chain Stopper Blockd] ¥ $1E 30
H gdiste] BeFa 9lom w3 shgel oste] A
U-&-Ho] B = Aoz ddE)

3.3.1,2 CASE 19| =&zt

#Z+9-2] Wall Plate= 2 2 ez F3o] g
Tt glow o5 Besly] 9l8te] Chain Stopperst
Chain Stopper Block sl&ti-o ©E9] PlateE X3}
o] Wall Plate®] w3 55 F7WA F24=H7}
= A F359 . v Plates #2713 mdo] 327
97t Ade= Fig. 1134 Zorm A&l 57961
MpaZ FHd-&Ho] 7ag AS gl ==
EHAMNE Wall Plate] Wdo] 43| Zof

S AT F AAE A SMPY FERFEE
£ 98t Wall Platedtdi-o B7 ato] gt A g
AH A oS ERlskst

Joy Ay
32

ol

=
L

1ol R
o f

> n

98

Region of maximum stress

&

Fig. 11 Stress Distrbution of Reinforeced model of SMP in
CASE |

3.3.2 Chain Wheel2| #ZZ'= HIHCASEII)

Chain Wheel> 57119] SpokeE 7FA1 low
Chain®] $1A19ll w2} Chain Wheeldll 2838} 3F% 0]
g A 22 Spokedll FHOE FFo] Agse A$
¢} SpokeZt §lE FH dkFol EstE Agol o
39 FERAE HtE 3%tk AHTS(Anchor
Handiling Tug Supply)olA 8%+ Winchs 2§
skl SMPO] A % &2 Zlo] = PR Winch
o] &S s oR ALt & dHAFA~
o] AGS VIFoR 82 F = AHTSY &4}
& B3k Winche] &#2 500 tono® Aslsich
Chain Wheel& Wheel Pinoll F2&o] s|Adslm=z 3
&l Cylindrical Support =712 243912 ™ Wheel
Spokeoll 42121 7$-¢F Wheel SpokeZ} $h F-oll
500 ton(5,000 kn)< #-&3tsiom #H-&H 74749 A
#3193 xS Fig 129 2t

CASEIF CASEN

Cylindrical
Support

Fig. 12 Boundary conditions for CASE I

SHEUUXNME - M15&, W1S, 2024



3.3.2,1 CASE 19| ?ZslAzut

Spokeoll FRF o7 FFo] AHgslE Ao W
SHEEE Fig 139 99} 2on dgo] F2o

2838k Spokeol] Hh$=e 18537 Mpa® Chain
Wheel A& 94 3888 (5265 Mpa)S wEsiTh
SpokeZ} Qi Yo FRFROR FFo] AHLdE AE

o] Wy} -o—ﬁlj‘r_—}_ Al o] 241.25 MpaZ Spoke
o FAstEol AEetAs WETh & §o] TAsHA
9t Fig. 129] o}2f9} 7o) Chain Wheel A& 9] 382
& (5265 Mpa)S §Het)

Fig. 13 Displacement and Stress of Chain Wheel in CASE I

3.3.3 dx| Al FEZ= HINCASE IlI)

SMPe] AA#gle Ax AUl eel] weh AHTSO
A s SMP 4 del95e) AU 3ol
goh AUlen PARE BAE Fasden o

o ALgH et Winch«] &2(500ton)= 48315
o} 212 AlelE Chain®] Lower Stopperell A%
53l Wheel Chain®ll 274 Winch& &-38le] SMPd| 4
2082 YAANERZ  Shackle HAAY¥-+ Cylindrical
A438tal Lower Chain  Stopperol &
Comprssion Only Support Z71& A-&33th 49
CASE IIelA Chain Wheel®] F274%7 3889 &
nEslpong B g4 Chain Wheel> AJ2Fst
i Wheel Pin®l Symmetry Conditions 123}
Bearing Load(2500 kN)E H&sl5lor =2 3}sd
Fig. 14} 2t}

Support&
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Fig. 14 Boundary conditions for CASE Il

3.3.3,1 CASE IlI9] T*=sHA{ i}

Fig. 159} Fig. 162 CASE Il =
& BOFA glon] BE SESE 4848
Kk

v Hh&o] 1,165.2 MPaol EA& Tk Fig. 15
+ Chain Stopper®} Chain Stopper Blocke] ¥ 9= 36
v} Fdjste] ®eJF=3 9ltk Chain Stopper$t Chain
Stopper Block> dA|Eo] ol u = &5 ek we}
g Fo] WAEE Ao R FH)

— g

Fig. 15 Displacement of Chain Stopper & Chain Stopper Block
in CASE Il

2

Fig. 16 Displacement of Chain Stopper & Chain Stopper Block
in CASE Il (Local)

99



3.3.3,2 CASE llIg] T#xEZiot

Fig. 177 #o] #$+ Chain Stopper G425 F7
& F7HA XS Fdstden ZEgrbAn, FHo)
28 67059 MPag2 3888S zysh} 3hEow
Aol TS gRIstAT) ol F7HAQI
=

R EEEERS LR EDES

[
o) of
2

Fig. 17 Reinforecement model of Chain Stopper
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® Az s
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Fig. 18 Boundary conditions for CASE IV
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(a) Stress Distribution of SMP in CASE V-1
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Table 8 Design strength check for shackle pin block A™E 949 AVE 20 mm= AHEste] ez el
Allowable Equivalent stress [Mpa] TN ARE =& gRARA L o] A
PART Stress CASE CASE CASE 2 10 MWE dIZ e ~de] SMP AA &%
el | R L WL R S¥e melste] SMPe] 22)Hel A% REAHES
e 3195 30419 | 3135 | 329 QA% AANZATY WEZAL HALste] TrIHS

- T 2=& ok 3L oF 2= 0]9) A 4 g
Chain 526.0r 65 937 45 1642 146,45 Fas o e & 5 AU SMP A A A Al
stopper 25 #e AU e E AAsta FRFAGEINE Feksta
S&g 5265 227.04 227.38 227.38 v AL S7HE S8 Ade FRRAeHS viristy
AAAQ A SEHS ol RS S+ Qe
BAE AABIATE F$ A= 74 94 4
9 A5 AAs] 9% v Aot 27
Foteg T FHEAENS gEo AAA e

S A|QHE ool
7]

AT E AL AARAUYA B4 7))
WAL (Sh el U A 7] g 7F ) -5 2 o) 9 |Po=
MWE F-1-2 e 238 AFA~H 7H“L(erxﬂ

g, i & FHd ATAY F RS Wy, A7 A °J°ﬂ
Fig. 20 Stress Distribution of Coponents for SMP in CASE IV A=Y

SHUUXNE: M52, K1z, 2024 101



i
ra

ik

[1] Youngjae Yu, Sanghyun Park, Youngsik Jang
and Sangrai Cho, “Structural and Fatigue
Strength Evaluation of a Fairlead Chain Stopper
for Floating Offshore Wind Turbines”, Journal
of Wind Energy Vol. 14 No.4, pp.5-12

[2] AISC, 2016, Specification for Structural Steel
Buildings, D5, Pin-Connected Members

[3] Kichan Sim, Kangsu Lee and Byoung Wan Kim,
“Structural Response Analysis for Multi-Linked
Floating Offshore Structure Based on Fluid -
Structure Coupled Analysis”, Journal of Ocean
Engineering and Technology” Vol37 No.6,
pp.273-281

[4] K Lee, Kim HS and KIM BW, 2023, “A study

on the global motion performance of floater and

102

mooring due to arrangement of detachable
mooring system”. Journal of Wind Energy Vol.
14 No.2, pp.26-33

[5] Bak, Christian, 2013, "The DTU 10-MW Reference
Wind Turbine”, Denmark Technical University

[6] IEC, 2019, Wind energy generation systems part
3-2: Design requirements for floating offshore

IEC 61400-3-2, 1st Edition,
International Electrotechnical Commission.

[7] DNV, 2021, Floating wind turbine structures, DNV-
ST-0119, Edition June 2021.

[8] DNV, 2021, Position mooring, DNV-0S-E301, Edition
July 2021.

[91 DNV, 2021, Part. 3 Hull - Chapter. 7 Finite
element analysis, DNV-RU-SHIP, Edition July
2021

wind turbines,

SHUUXNNE - M15&, H1S, 2024



