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Abstract

Based on the principle of statics, this paper analyzes the force analysis of six large parts in moor-
ing system. A series of equations of physics are listed. Finally, we derive the nonlinear differential
equation model about mooring system, which is solved by iterative method. According to the
structure of anchor chain, the corresponding structure method of finite element method is
adopted. By using the nonlinear finite element method, this paper obtains the anchor chain equa-
tion of mooring system. To calculate the mooring system without lifting angle limit boundary con-
dition, we analyze the stress of anchor, which cannot be dragged easily, and we try to keep the
condition of vertical steel drum. We find the influence of wind power, water power, steel pipe, an-
gle, shape, anchor buoy and draught of the swimming area, to ensure the stable condition of the
system.
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Figure 1. Schematic diagram of mooring system transmission node
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Figure 2. Force analysis chart of buoy
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Figure 3. Four sections of steel pipe analysis
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Figure 4. Steel drum and equipment force analysis diagram
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4.1.3. RIFIRE
h' FORIFIR KR E, b FoRIFAR R, R RN NG TR 77, WA
F.=0.625v’S(0,h)=0.625x 2r (h—h")v? (1-1)
F B SR A8 B B G R AR BTS2 5 71 B N
F, = pgnr’h’ (1-2)

AR TP s, ATRAR 2
F,=T,sing, F;, =T, cosg, +G, (1-3)
Hoh G, FRIFARIIRE S, Gy =myg ., m, FFFRIF R, SRR R 1000 kg, HUEFILIUE, T,
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EIE I GN—, SERIFAR KR — I E AT 2 10, A
T,sing, =T,sin@,, T, cos g, =T, cos b, + G, (1-4)
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5 TRINE R EAE Y1, 0, FoR S RN 5T ETT R A .
xR ARMNE AT S0, A
T,siné, =T,siné,, T, cosd, =T,cos6, +G, (1-5)

Hep, G, TaAIENES, G,=mg.
X =RNE AT 100, A
T,sin6, =T,sin@,, T,cos b, =T, cosb, + G, (1-6)
Hrf, GRFMEMNET, G=mg . T,RRHEMRNESE MRINEZ RN, 0,&n%=
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WIS E
X VRN E AT 52 S0, A
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X R TTREFEAT RAENS , ST NTTRE(1-10), FHEEAT KA.
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Figure 5. The depth of the draft at 12 m/s (the static water)
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Figure 6. The depth of the draft at 24 m/s (the static water)
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Figure 7. The depth of the draft at 36 m/s (the static water)
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Figure 9. Anchor chain stress analysis chart
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fy+f, +(W-B)+dT+1=0 (1-32)
PN RENivAR
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W -B=(p, - p,)Adsg (1-35)
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p.Adsa, —C, p,Ads(a, —a,)=(p, — p, ) Adsg +%pWCD,1rD|v,|vrds +%pWCDn D|vy|vyds+dT (1-37)
1 1 dT
p.ha, —C,p,Aa,—2a,)=(p, — pu) A +EpchrnD|vr|vr +E,0WCDHD|VN vy = (1-38)

(l+ Cm )pcAac = Cmpraw + (pc - pw) Ag +%prDrnD |Vr|vr +%pchnD|vN |V + C:j_-ls— (1'39)

FTUART LA 2], R EEAL T b P AR, B 1 =0, EEmEEZREa =0, HLEBFAET
FER] LLER S 15 2 R0 R G BE A o) 75 12
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(9= P.) A+ LoDV, + p,CorDluy vy + =0 (1-41)
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- Ag-t+—p,Co. DV |v. +—=0
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2 ds (1-43)
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O::r =tan@6de@ (1-45)
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P OB R A R BRI T T AR
o] A2 8E K T -2, B2
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T4 LIRS P(xy), B

x:jdx:jcoseds:IT—Uds:f ds (1-48)
T —p,)Al
fﬁrm %)}
TO
X = J‘; cos fds = msmh‘1 {%} (1-49)
A M
_ To - (pc _pw)AI _
I_(pc_pW)Asmh{ T } (1-50)
Tg (pc _pw)AXj| }
=—— — Jcosh| ————|-1 1-51
y (pc _pW)A{ |: TO ( )
3) LS FAM
HEl, 7ERIARGSLbRN A — P e — Ui s b 2 R . Sttt
PUBEIE G AR RS, MG ZRIB A MAKR T« X TIXMITFEH, e
)R i 2% A
7 1)
r(s=0)=ry, (1-52)
) /7 17) L
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F(s=L)=F,
Hep: I RN ARG S KL, s 79 Lagrangian 2845, n, A6 70508 i el CANGL BN, ry, Ar,
43 AR Sty a5 2 AT R
4) NG
AR BRI RGNS EE S B EAS) G, AE ARG VOHRIE, IRES A BR oo Aot R )
oy AT TR TR, 1930 TS ERBE IR KT I, R E 5 A BGERAT () BiE RE AN 2 4 R AR
BET AR, WoE TS AN SRR AT AR, 9 RS2 T bt T e AR

4.2, B

42.1. FHEEMRKREEE

AR 1) B — AR AR, ST A LSRR LR R, DASR A5 2 R R 1 R i R B Y R, AR 2R
SA £ SR B AR BB m I AME AR AR, BRI ER RN R R ECOR R R, ] MATLAB SRRt 55
Has R,

SRINEEAE

(1-55)

m, = é(T,3 cos 8, +G; —T;cosb;) (2-1)

AP SR
Tysin gy =T sin G,
Tscosé, =Tgsing,
f::G, =F +T,sing, (2-2)
0<6,<16
0<6,<5

THEAS B ER /N U m =1565 kg » iKY m, =1800 kg o 2 i E A BREUE Vi 2 [1565,
4000] (Fhr: kg). FEMIBRGTER AL AN X E] A A2 A = S H i H SRR .

422 GRS

I MATLAB #if, AT T RGEAE 12 m/s, 24 mis, 36 mis F ITFEARIZ KR BE (£ 2) 54N
AR} 71 JBE e it P T S 1) 2% 5 % L7 1) 9% 41 (35 3)

A% T AT DA 2 LR B K E L IR RUKE . KUES ST RTHE T, AN 7 Ik
R IIMEZR B0, DR VA (1 U 30 DX S rT I A A — AN T, 0 94 7 FL 3 B M . BE
FEWFH KGRI, RIARGIFAR I KR BEIZBOINR AR B0 X Al o, DU 154K (116
RHFEE BTG K

Table 2. Draft depth and moving area of buoys at different wind speeds (the static water)

% 2. NERGE TPHRIZ /KRB KRN X8 (kA3 L)

A (m) VERRIZ KR (m) “FAE(m)
12 0.732 16.78
24 0.751 17.92
36 0.778 18.84
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Table 3. The angle of inclination of the steel pipe and the angle between the tangent line and the vertical direction at the ends
of the cable at different wind speeds (the static water)
7= 3. FEINETNE MR A E REER Y% S B E AR AGKERL)

FIEC)
[N 0, 0, 23 04 0Os Os
JRH (m/s)
12 0.0172 0.0173 0.0174 0.0175 0.0177 0.9364
24 0.0646 0.0651 0.0655 0.0660 0.0665 0.8643
36 0.1334 0.1343 0.1352 0.1361 0.1370 0.8851
4.3. [El@=

43.1. RASKRHEIE
XA =10], FRATE RSP MR RGO — AR K 5 R [F] 1A), 53— Rl Kol 5 XU e ey, Hofth
THHLA T X P R RAE L 2
TE/KIE Vs = 1.5 mis BITEOL T, EEFR I 32 B K i 14
F, =374xS,xVZ (3-1)
Horp, Sy FOREFARMEK P I BRI, HdS =2xh’.
AL TR, HFR A — i A X (1-1) R I 52 B ) Frg ZERL
F. =0.625v2S (6,h) = 0.625x 2r (h—h')v? + F (3-2)

Hrr, P RoRERRIT 20 AT FIZKIR TG 7 -
MV E N 12 mis, ] MATLAB #EE &S 214 10 #hk.
N R DA B bR L B RZ KR FE h' = 0.756 .
LT X 24 mis, H] MATLAB {ER#5 & 11 ih4k .
N AT DS B bR S (RZ K ERFE h' = 0.775 .
VR XE N 36 mis, A MATLAB ERI#&S 314 12 #h2k.
AT AT BF AR SR (2 K IR BE h' = 0.801 .

432. RASKRENRR
XTI O, N T (-1 AREIKT ) B AR 3 R E R
F,, =0.625v°S (6,h) =0.625x 2r (h—h')v* - F (3-3)

U E N 12 mis, FI MATLAB {E R 3114 13 #h4k.
N BRI DR B bR R Rz KR E h' = 0.713 .
VR E N 20 mis, FI MATLAB {E RIS 314 14 #h2k .
N R DS B bR S BRRZ KR h' = 0.731 .

23T X 36 mis, H] MATLAB {ERI#55 & 15 4k,
N R DA B bR L B RZ KR FE h' = 0.736 o

4.3.3. ER¥ttk
ARG 5 R [F] ) B, 45 A 5] JRGER V57 bR KR B i sh X 3% 4), AR AR} #5195 o 1)

2 5 BT A K A (5 5).
K IH 55 R AR S, 75 380 AR [ JRGEE T BRI K TR B e e 5 DX 3 (2 6)A° RBLRE A7 B2 R et B v i ) 26 5
BETRAGT).
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Figure 10. The depth of the draft at 12 m/s (water velocity of 1.5 m/s in the same direction as the wind)
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Figure 11. The depth of the draft at 24 m/s (water velocity of 1.5 m/s in the same direction as the wind)
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Figure 12. The depth of the draft at 36 m/s (water velocity of 1.5 m/s in the same direction as the wind)
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Figure 13. The depth of the draft at 12 m/s (water velocity of 1.5 m/s in the different direction as the wind)
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Figure 14. The depth of the draft at 20 m/s (water velocity of 1.5 m/s in the different direction as the wind)
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Figure 15. The depth of the draft at 36 m/s (water velocity of 1.5 m/s in the different direction as the wind)
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Table 4. Draft depth and moving area of buoys at different wind speeds (water velocity of 1.5 m/s in the same direction as
the wind)

= 4. FRIRGE T FARRZ KGR B RN X8 (5 KB B 7K AR 1.5 m/s)

K3 (m) TEFRIZ KT (m) F42(m)
12 0.756 17.08
24 0.775 18.12
36 0.801 20.36

Table 5. The angle of inclination of the steel pipe and the angle between the tangent line and the vertical direction at the ends
of the cable at different wind speeds (water velocity of 1.5 m/s in the same direction as the wind)

5. NEIFGE FREHS B E R EEMR L5 R E 75 E R A (5 REES7KRE 1.5 mis)
T AIEO)

~__ 0 0, 05 Os 05 0
R mis)
12 0.1060 0.1068 0.1075 0.1083 0.1091 1.0169
24 0.1504 0.1514 0.1524 0.1535 0.1545 1.0529
36 0.2099 0.2112 0.2125 0.2138 0.2152 0.9579

Table 6. Draft depth and moving area of buoys at different wind speeds (water velocity of 1.5 m/s in the different direction
as the wind)

= 6. PRINE TFARRZ KGR B KRN X8 (5 KR BEY7K AR 1.5 m/s)

K3 (m) FEARIZ KT (m) F42(m)
12 0.717 17.08
20 0.730 19.02
36 0.736 20.36

Table 7. The angle of inclination of the steel pipe and the angle between the tangent line and the vertical direction at the ends
of the cable at different wind speeds (water velocity of 1.5 m/s in the different direction as the wind)
= 7. FRINE TREM R A E R EERRY&S EEFRRA(ERREKRE 1.5 m/s)

<

T IO

~

~__ 0 0, 0s Oa 0s 65
NEE (m/s) ~_

12 -0.0759 -0.0765 -0.0771 -0.0777 -0.0783 -1.2675

20 —0.0776 —-0.0783 —0.0789 —0.0796 —0.0803 —0.5518

36 0.0610 0.0614 0.0619 0.0623 0.0628 1.2947

5. R [5]
5.1. HREHH P

R G MR B R BT R F AT EIRES, BT RIBARGN S A2 2T, dt
WD RRRGENA RS B ARG NEB S, Jrkffsel], K2 H0E 0L AT U 2 T
REN IR FZER . B IS AR A 08 R e h i A F R 3AE 55K 71 1 3h Tkt

5.2. 1B RPRME
FRLNEA IR ITE AT AT SRR S B (0 JE R B0 R & 85 55) AR Ze s 0 R v T s B2 i e ik T B
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MRHFLIERIATAE, 3 B HETAF AR BOR T SR 2

FERD B H TR R AL T, R BT AT DA B 2k P B 8 B BRI S S R 1 o
FEAIRTEIES, 5 ZRRAE T R R LR ARE H 150 S5 AE BT i ml b XA S AR 2

EHEWH
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