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Abstract: In the single-point mooring (SPM) system, the main bearing is a critical component that withstands
mooring force, making its load-bearing performance under actual working conditions of great significance.
However, research on this type of bearing remains limited, and existing studies have not considered the actual
mooring force and installation structure. Therefore, this study focuses on the Soft Yoke Mooring System
(SYMS) and proposes an overall finite element equivalent modeling method for the main bearing, by
considering the mooring force and installation structure. In addition, to avoid extensive nonlinear contact
problems, rollers and bolts are equivalently modeled using nonlinear springs and beam elements. After
verifying the model's accuracy, we compare it with the traditional model under equivalent load and analyze

the effects of upper load, bolt preload, and friction coefficient on the load-bearing performance of the main
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bearing. Finally, based on the maximum roller load obtained from both the overall and traditional models, a
local contact model is established to calculate the safety factor of the main bearing. The results indicate that
the overall equivalent model more accurately reflects the load distribution and deformation characteristics of
the main bearing. Both the overall displacement and the bolt displacement decrease with increasing preload
and friction coefficient, while contact pressure exhibits an increasing trend. The calculated safety factor of the
main bearing in the overall model is 1.43, which is significantly lower than the safety factor of 2.51 obtained
from the traditional model. This indicates that the traditional model overestimates the load-bearing capacity of
the main bearing, while the overall model provides a more accurate assessment. Thus, the overall model
provides a more reliable basis for the design of such bearings.

Key words: single-point moring system; main bearing; Soft Yoke Mooring System; installation structure;

mooring force; equivalent modeling; Finite Element Analysis
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Fig.1 Diagram of the soft yoke mooring system
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Fig.2 Schematic diagram of main bearing structure and mooring force distribution
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Tab.4 The material properties and structural dimensions of the main bearing
BEELR PR THFA L FHER TR R BRI R R LK Sl N = R e
E/GPa i Dy /mm D, /mm D; /mm
42CrMo 206 0.3 3386 3284 3354

1£ ABAQUS A FRIC/ T4k F Hh 7 S AR S5 4 A FR T AL, anl&l 5 s, U1, U2, U3 753
78 X, v, z JTEIERE, URL, UR2, UR3 43R FISE x, y, z B . BRI .

(a) BEABA 5l R4 (c) AR
Kl 5 #AREREE A IR TTRE
Fig.5 Finite element model of the overall equivalent structure

1) EEN7 B FR T FE R S L e S AR B SRR, SRR AT IS R 43 ARIEER 1 R ayA kB,
BT TR 25 BiS G S, 230 i sh i SN ERL T INERS ENER, LLEATH
B 5 E . Hefilood B e Ry T A, BEEE R T e EUE S, BRI RO 0.2, 14T ik
FHREHE fh S Y

2) IR 1.2 W R SFERSOT 25, R T LAAR 2R B B BT AT AR, JFTE ABAQUS Wil R
FERYJEME © HEARL” o R, SRR BT 0 IR AT S5 OB, 57 MPC 225 It A 400 kN Y
T Ty SRR AR 1 L2 BOIR A

3) BT B K e S U 5 H (RE8RAb) B3R 1H 527 i RP-FORCE #i &, BE/EH/KF- R0
I ) 20 ) 4N #) RP-FORCE | [F]I, 445 5 Sh 35 11 4 4S8 450 1Y B3R T 40515 27 5
RP-1, RP-2, RP-3 Hll RP-4 §li 5, JF X5k DU i Bt i 100 kN A _EFRzfr . i A F i BN [T
PN RIS RP-FIX #G, It in [ 7€ 29 5 ; BR ) RP-FORCE 9 P4~ H #1 2 (U3 = URL = UR2 =
UR3 =0).



55 5 4 R S BRI AR AERE TS 769

22 e E IR ST

BT AT R G ARy = HEBHE R 756 SR, X T A R, JHR B 58 Je AR 7K 52 i 17
I3 Bl 3 A AT I B T A TR SR T 5 TS (R R SIS A T H AT, AR ST
TG A AT BROTAE Y, BV ST AR N AN L SR 1o RIS, K B AR S R B 7 32 (42 [1] 2R TH
JIF, K FRIATT F AL bR I ) PAESSCR AL GE A S5O B It 7 32 (4 il 1 8047 L AR 1) e P, LA A%
B F, S R0 AN 6 s o 3T 8 S5 UG BT Sr R S F RO RN IA] 7 B, BAA AR
WA

2440 G BN

R I
piE= 98
~== I
Kl 6 BRSNS 5 4 e AR 48 iy A0 X
Fig.6 Load equivalence methods of the overall equivalent
model and the traditional equivalent model & 7 15 AR A BROTAR Y

Fig.7 Finite element model of the traditional equivalent

structure

D)X FAE GO, (T R I AN BS54, TOT %5 LR 45 KR B He bV
2) i HR 5 B AR A AR R AR ] 9 07 SOV F- AT 4885, BV 6. 5 Fl1 5 N RERPETREXT F24fE | Gl A
P RIVEF AT AL AR I A R R 254, BTC T % A T4 40
3) AT SR AR AL G0 A AR 1Y) RP-1 A et 1 7 15 % (A S i A AR 2 g i i 37 RP-1 149 JLL
A7 B 2R, BRI Az 20 il i) RIATTF, L A RIATT F LB 3 s e P il g F, | A2 1)
AR F, L AR 14 M, AR, s (2) R
M, =0425-F,+244-F,
F,=F,+P )
F.=F,

THEA 20 09 Sl i 7 F, L A ] AT FL UL RSB O AR MR /N 43 Dl 2001 KN 2200 KN BL K
—2971 015 kN-M,

4) AT AN AR TS R U] 0 s RP-1 TR G, RS2 B ) 46 DL KAz
BEGN e =yl R i e i D WA N1 Wi ) P 3 T

RSB E . T BRI R A E 20 2900 5 SR AR RS 1Y RP-1 5500 =4~ J7 )
HHEE(U3 = URl = UR2 = 0).
2.3 HRBIIGIE

KT 53T A GERE IR A 2 A5 0T SR AR5 SRAT 5 T, A A S A5OSR ) 30 R 2% 1 LA B 28 it 155 £,
WHERE 2.2 G REA 3L, 73 AR A2 AR VR a1 3 A TR AT X L . D34, BT AT
HCO ) e — A B AR R L ) A

PR RIARITHET, B R g —HE VR 1 DA AR A 9 07 U3 AR SR T i 6, R T
PR N

¢,.=ZZ—“(1'—1) i=12,,Z ®)

K o MIBETFOIOLE S, Z 53000 4 L SR IR T8, | MRS .



770 fi AR 127 5530 5 5 40

Horp R R 12 PR
TR T ARIEL A R

0, =06,cos¢ (4)
b, 6, e SRR AR 0 %

PR B 0V T AR B
0, = K.(6,c050) )
S K, A R T T BRI, 155 st
W B RORC 72 1 BT 508 TR B2 P

Fo= ) 0,c050=0 (©)

Hrh, EH: SRR 72 Pt aam
SRR VR T bR B HRR S Az 2 gl e 2o FL, AVBUES R M, RS AT, SR S L
SV A Sl 5 ) R A ARG RS o RN Sl R 6, TRLIL T TR AS ) F 4k | R HEIR TR Al AR A
&y 50, AKX
S = %dﬁﬁcosq)+6a (7)

1
6, = —Ed:nt?cosgo—éa (8)

FO, 6, A RS (AR 1 (05, o), A T HER T 60 R 002, b A5 T HEVR T 50 R E00%, 0 A
S 7 P L 7 O £ 5
PR B T4 SR T IR Z B 01 15 0 Fk A T

10

1 9
o, = Ku(zdf,ﬂCOSfﬂ-Hsa) ©)
10
1 ] 1 ’
0,=kK —Edmécosgo—éa (10)

Horb, K5 K00 AR T FHETR 5 VR 0 1 BRI B2, A A (D #E TR R,
e Tt g 1) P8 A Bl ) ey, RBURE T RE M AR S S5 VR 1R 2 2T 19 52 17
PSR

M—% ;(;(d:nQ;—d;Q;)cowl =0 (11)
ﬂ—iﬂ@—@%ﬂ (12)

PL6, . 6.5 6 IANS R, iy A S 800 B ) il 1) 800 L AR 1) 80 F LA R AU T M, % D7 R 4
(6). (1) 5 (12) BEATIEAOK AR . DTS2 4 | A2 1] LA SHETR T 05— R T FRSZ A8

H1 T AR 1 DL AR 1) TR R R ROR IR T, MHHETR T RS2 (28 B0, DR SO0 33045 2]
(8 FHEVR T LA B AR IR T BB 73 A IR EA T XL, P 8 Fzn o [N, 21 i 1 B AR SFE R 5 53 b i i
PRI 2 [ B R AT BRZE AT L, AN 5 Bz o MRl UL, FEAHTRI I S 250 T, SRR SRR S5 A2 5t 45
RO T SRAT S ) 2 734 2 AR T H0T, B R BT IR 22 700N 3.74% FI 3.85%, H I A] 1t ] 223 4%
T AR HMR R AR AN 2R S 20 HT o A, R PR A5 A A 5 A AP S R 530 P Ao ) B R Bvr 1 22
N 3.76% F1 6.00%, I AT LAUE B BT H 37 (4 8 RS A L 2 A e A S R B ) R 1



%5 & B RN FERREAARPERE TS 771
0 0
-10 000 }
-10 000 |
—20 000 |
z —20 000 z 30000}
% ~30000 | E =40 000 -
ey = _ i
& ol & 50000
—60 000 |
FHTR Y S BT AY
—50000 | 1B GE GRS —70 000 LG AERRY
RS R 80000 MRS R
—60 000 . L L : L . . : :
0 20 40 60 80 100 120 20 40 60 80 100
BT RS
(a) EHERT (b) BmET
[6 8 = ZMIANR T HAg /AT LL
Fig.8 Comparison of roller load distribution among three models
x5 BERERHEERHERTEE
Tab.5 Comparison of the maximum load calculations for various models
R THRA R RS REAY G458 5 RS w®E fipp AT S R
EHERT —47 174N —45472N 3.74% —45289 N 3.76%
(RN R —75 740.4 N 729333 N 3.85% 714552 N 6.00%

24 BEREFRETEER S

FE 2.3 5, a8 AT 75548 e AU RUA [R] A3 AR R RN B Anr 1 B R, a5 4% B SR AU
RYDL R SRR AL X L, Bk T A SCT 7 A R AR S AR A (R W Pk o T 2.1 795 2 37 A R AR A A AR A
HE T B RINZ ST, B S5 1550 R (R4 A T AT, ARSI 4R T AR 52 28 A 3 A
Feunt&l 9 A, AT WG A 434 B e A EAHE, (EAAFE— B R 2557 . RIS 5 AR S5 A0 AR T J T A
fE2E 5, BRI

0

BATR/NN

—20 000 f

—40 000 |

—60 000 |

-80 000 | -
—— BRI W .
—— (LY AR 84 kN
~100 000 . R . . L
0 20 40 60 80 100
B9

(a) FHERT

B K/MN

0
—20 000
—40 000
—60 000
—80 000

—— A
—100 000 . A A .
0 20 40 60 80 100
T4

(b) fR[ET

9 Bk 5 LG A R PR 74 AT A1 o L
Fig.9 Comparison of roller load distribution between the overall and traditional equivalent models
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