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Abstract

According to adjusting the type and length of the anchor chain model, and mass of the ball, the
draft depth and moving area and the minimum value of the inclined angle of the buoy are deter-
mined. This article is divided into two parts to make a systematic study on the design of mooring
system. Firstly, in the case of single parameter change, using the method of isolation to make the
force analysis towards each structure of the transmission node in turn, the anchor chain can be
regarded as a catenary, and Taylor series expansion is used for formula processing. Secondly, in
the comprehensive consideration of the balance conditions of wind, drag force and water depth,
the balance conditions of force and torque are established to determine the type of anchor chain
model, length and weight of the ball, and analyze the tilt angle of steel drum and steel pipe, anc-
hor’s shape, and draft depth and moving area of buoy under different parameters. Finally, using
MATLAB to write algorithm of each nonlinear equations and provide graphic description, and has
carried on the reasonable test and objective advantages and disadvantages evaluation about
whole model, and the promotion in other areas, and has put forward the improvement on stress
analysis, improve the practicability and reality of the model.
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Figure 1. The stress analysis diagram of buoy
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Figure 2. The stress analysis diagram of steel pipe 1

E 2. 0E 1 ZFHhoHE

XHRE 2 H
Fo.=F,
3 ’z ©)
Fys =Fyp + 0,0V, -G,
2.5rv? (hsina —h_ +rcos
tana, - : .v( ina—h, + a) ©)
2(“9Phhcr /Slna+phgvpl_G_Gl)+phgvp2_GZ
XENE 3B



WWE E

F><4 = Fx,3 (7)
Fo= Fy,3 + PnVps -G,
2.5rv? (hsina —h_ +rcos
tana, = — (hsina —h, @) (8)
2(7Tgphhcr fsina + POV + P9V, —G -G, _Gz)+ P9V =G
XRE 4
Fo=F,
{Fs—Ff ®)
vs = Fya +phgvp4 -G,
2.5rv? (hsina —h_ +rcos
tana, = ( e @) (10)

2(7tgphhcr2/5in a+p, 9V + PGV, + 20V —G -G -G, _Ga)+ P9V =Gy

SHANAEREAT Z 10T e HZJIRIFII Feg s I Gy BT, 5T, EWERS MR G, XA
N ag o VABRRRRI B AR RR IR A, NP I B AR bR &, BAR I 3. S EMIERAVIE ), Hoxt
SRR B O B S E T,

H1&l 3 W B T 5 R

zszo FX'S_FX(S:O
> F =0 Fes +Fjs—F =G, —G; =0
My =0 I—1F’+F +G; )sina L Fis +Fg)cosa; =0
o) 2 y5 y6 5 5 2 5 6 5

Hot, Feg = pyVos» Vos EIREHEFF K HIHAHL
AR EEY
{FXG = FXIS (11)

Fy6 = F):S + phgvps - GS - GE;

tan a _Sinas _ Fs+Fg 2F,
° cosa, Fji+F+G. 2F)+p,0V, —G;

BN R 5 Fes Fs 5 F BAEMSRIER D1, KAV 5k, Bial@). 2aX@). 2
G). AR ARO)E:
2.5rv? (hsina —h, +rcosa)
2(mg pph, 1 [sin e+ pygVy; + 2,0V, + GV 3 + 248V,s —G') + £, GV 5 — G

tanag =

o,
G'=G+G,+G,+G,+G, (12)
XTABEREAT 20000 BISILIEKT IRy, ZBIEIG, « AT HT,, AR5 5 A BE AL )
DIRTT T SR AN g - DARBE SRR AR IR L, NPT LA AR 2R, BARSZ T ILI 4.

FH ] 4 BT B S 7
SF, =0 F,-F,=0
SF,=0 F,-F,-G,=0
K1



WWE E

Figure 3. The stress analysis diagram of steel drum
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Figure 4. The stress analysis diagram of anchor chain
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WWE E

4.5

3.5

25

1.5

0.5

NE?&QWSHM’-]%% TEI;JJ\ d

10 15

Figure 5. 12 m/s: The shape of the achor chain
E 5. XiEA 12 mis BIREER R REE

JEIBE ?:J'24 m/s /i 1 i Elfifliib‘t i}

20

25

>3 F

L |

10 15

Figure 6. 24 m/s: The shape of the achor chain
& 6. KUEA 24 m/s BTRYSEER R REE

20

25



WWE E

P sRAS B 5 N A 20(15), PSRRI AR
y =561.7 cosh (0.003x ) —561.7 + 440sinh (0.003x)

FEARRE S X Oy — 28 R ME, BaR(17), KGb=17.27 m; DUSTHE S5 AR KT 1)
e ANLYSE

b, =1 sinag +1(sine, +sina, +sina, +sina, ) =0.548m, b, :%:O.SSm,
(04

R=b+b +b,=18.35m, #FIrIFZ)X I R =18.35m K .

XA AN B 0 BEAT 52 0 0 B, AR PR A B 2 I ok RERIE (A 3K(12) 2 30(14) . 2K (2))
50 I R BV AR B BTRE A BE AN 5 B2, REEAE AN S SRR AN 16 . B IR AR RS
H5E 5 0] DA AW iR 5 R R Ik R BT 5 FE4H.(19)

2.5rv? (hsina —h, +rcosa) .

tano, = S - =tan5

2(ngpghcr /Sm o+ POV + pp GV, + 29V + 2,0V, -G )+phgvp5 -G,

2 o ’ ’
tan o = ngpghcr /Sm o+ phgvpl + pthpzZ + /?hgvp3 + phgvpd + pthpS -G'-G; -Gy -G ~tan16° (19)
1.25rv? (hsina —h, +rcosa)
2

. ng/.)ghcr _G
tang =~ = ——Ana

F. 1.25rv*(hsina —h, +rcosa)

Wi MATLAB % F2 R TSR il AR B AN/ T M = 4930.6 kg o
3. ETSHBURBFRE

NERFEIERTT S KR ITRKRE LR R A R G v, oW AR OS8R A
BHRETZAR S AR HINE KR BEANIE 2 DX, BURIE 5 K [ — BUR S TR HEAT 00T, 24 G AR 58 B [F]
A 2R KA, % BN AR R K. M RPRGERH “BARERE” (BR, ot
0000, FERNNER S VAT RE, AR5 — AR SEA b, AT AR A AR T RE41[6] [7]. fE
RE, ACHE KB PRER, #RBKIRTE 16 m 2] 20 m M), AEAS 0 RAFEK, BIA) R A E K
I BTS2 R RA AN (TR A P BB AR S 7 bR B A TR S AN 2 [X 45K

BRATHUR 5 105 K UET5 10— BT TEREAT o0 e, = KGO T P [RT P 38 B R AEL 2% E A
MR K E . LGB R AIEILT, BIER BRI Fy WA S50 52 350 Hr i 2
SN T — AN BL BRSPS TR KR AT Foo WAL AR R, T R A R LT [
TIRESIAEAE, SR IS PR TR R A T e . Ak

AT BTN By =R +Fy
Fo=FR+FR+F,

Fo=FR +FR +F,+F;

Fo=FR +FR+FR,+F;+F,
Fe=F+FR+FR, +FRs+ R, +Fs
PARACT TR P T RN Fg=Fy + R+ Fy+ Ry +F, + Fs + R
HiBE KT 7RI T H T : F,p = Fyg

Hr

VAN 7K 7 TR P85 R



WWE E

Fy =0.6255v* =1.25rv* (hsina —h, +rcosa)
F, =374S, -V} =374-2r-h -V}

F, =374-2r -cosa, -V}
F,=374-2r,-cosa, -V} :
F, =374-2r,-cosa, - V;
F,=374-2r,-cosa, -V}

Fie = 37421, -cOSag - V]

BB EERGER AR (L), 3), (5), (), (9), (11), (13), (18), FHEHLZEEHERGE, Kii
WL ARLANE T FEAL(20). o, Ho NATBERHAISEIKIR, L = p,gVo, + 009V, + 0,9V, + 249V, 0
r'cose’=r-cosa, +1,-C0Sax, + I, -COSa; +1,-COSar,», G'=G+G+G,+G,+G,,

H =1.25r (hsina —h, +rcosa)-v? + 748V} (rh, + r'cosa’ +1, - cos ;) -

FIEMEE R T SKE, EYERIE, KR, XESKREEEAFREMETEL T, B MATLAB %
RERT A ANAR SRS R A B B BE AR VBRI KR BE AN i 3 X 3o BETT U7 7K 3 MK R
FIAFEIE LT, Bt A HEKRIE RS .

v, =36m/s, v,=15m/s, H,=16~20m, TATHEJLNMAUGERFBN, W FRATR:

1) v=36m/s, v,=15m/s, H.=18m, M =4930.6kg, L=22.05m, Il 4%k,

2) v=36m/s, v,=15m/s, H.=20m, M =4930.6kg, L=22.05m, IIZ4%%E,

3) v=36m/s, v,=15m/s, H.=20m, M =49306kg, L=22.05m, V ZUfi%E,

4) v=36m/s, v,=15m/s, H.=18m, M =49306kg, L=2205m, V 4%,

M1 B AL SRR — HSR AR AR L, AR AN B BER PR 4R

ngphhcrz
Mo
tana = Fyl _ sina
Fo 125r(hsina —h, +rcosa)+ 748v2rh,
an F,+F, 25r(hsina—h, +rcosa)-v?+748v} (2rh, +r,-cosa,)
a, = =
R +F, 2(mgpyher? fsina)-2G + p,gV,, -G,
tana, = FotFa _ 2.5r(hsine —h, +rcosa)-v? +748v7 (2rh, + 2, -cosa, +1, - COS , )
F,+Fp Z(ngphhcrz/sina+phgvp1—G—Gl)+pthp2
tana, = _FL+F, 2.5r(hsina —h, +rcosa)-v? +748v7 (2rh, + 2, - coS a; + 21, - COS @, + I, - COS 1 )
Fia+ Fy4 Z(WQPhhcrz/sin a+py gV + P09V, -G -G _Gz)"‘ Pr9Vps (20)
tang, = FiatFes _ 2.5r (hsina —h, +rcosa)-v? +748v7 (2rh, + 21, - COS o, + 21, - COS @, + 21, - COS a3 + I, - COS )
Fli+Fps Z(ngphhcrz/sin a+p,QVy + PGV, + py0V,; —G -G, -G, —G3)+,ohgvp4 -G,
tang. =6+t Fe _ 25r (hsina —h, +rcosa)-v? +748v7 (2rh, + 2r'cosa’ + 1y - cos o )
5 ' H ' ’
Fis + Fyo 2(mgpyhr? fsina + F{ = G')+ p,gV 5 — G
t ngp e’ /sina + Ff + p,gV s —G'— Gy — G; — G
ana
° F “1.25r (hsina—h, + rcosa)-v2 + 748v7 (rh, +r'cosa’ + 1, -Cos z,
2
pseCa6 22.05cosza~H H H? 22.05c0s” o - H H
- -5 + — 7t - - tan o
4S|n a- sina - p 2sina-p 4sin‘ o - sina - p 2sina - p
P’ P

+ 1, cos e +1(cosea, +cosa, +Cosa, +Cosay ) +h, = H,



WWE E

4. Bkt

G TS TR . SRR RS . BBEAER ST SR, B R B O AR A
ANGERIHBEATSZ 140, I AutoCAD i S K5Z 018, FEAHE A PR, PRI A M TR A
BT TIRRRARE I o RINZKIREE he RS 74N, oy, SRERTIR NS iRk Bk, FIFIZE8haess
FETFAS B R B ien s SRR AR IOk o Wi — B LT RO T SR ) 7 AR sk ek v AL, it
SRR KIREE . SR KRR B AN, EBE SR A E AR R Bt S e ek P

HR, PEATIK, A8 = BOBRELR MR SR AR T B A, SRR E 0 BRI . 7E
LEE RIS AR AIFKREIBILR, B R R 5 4 S R, e i S, K,
WIERIG TR, FEOTRAR I AR F S MO TR R IO, SRR, TRRRIO W K R FEE RSN (X

BJ5, 1B MATLAB ff & ANELk v 7 R4l 4 5 Sk LU SR B B TRk s B MR AT T 5 78
VARG 52 WU A B R, LSRRG Lol B FF R o AR R LA B AT BT 0 M3 A 8 b e
5. B4k

KR B R TR TR, 7oA T, e EL T U P — B, IR 2B
FRIFHEAT AT, R LLAMT 200 RS 1 TARRAS A4, 7R85 F0 R HER

EH I A BRSO S, BV SR T Sebr bl . B, A% 5 RUEA R R B M, A
VEH, BRI LU ACHE, K v, kAT RO R b TR (20), 15 MATLAB i fsolve i
SETATSRAL, 5t (0 SRS CO AL RE, VAR IOV EE hes RSB A
mJ HY 2205c08°aH M oy g 7 K T 00 3B 16 B8 I 4 B 24 =0

4sin® ¢ - p? sina-p 2sina - p

qzmm%ucm%mm%+m%+wmgﬁxﬁ@:g%,Xﬁ@%%%ﬁ%ﬁ&ﬁ%ﬁi%ﬁ%

(04

KJZ by M by, BEMAMAKXR=b+b +b,, KIFFRHFSNXEN R KR fEHEM L, REETA

i yzi{sewz6 (cosh)(l;'—p—ljﬂan a, -sinhX'Tp}, SR HUR LR N BEEETIR, 18 MATLAB 26 5 1%
)

P BRIV AT 222 1) B 0 2 P PRI

AR (R R B S AN AR AT 52 F3 o B, R TR S A RIUOR R R AR B, 5V T S HLAER AR
FER . IR FEBI2E 5 ) PT R AN IRk ), BIBRON A . R 52 1100 W B 5 6 )0 T i 77 e
ME AR, AR I E] 1.

HE&mHE
WG AR SRS I E (2015M091) 5 ILAEBHE RIS “+ —FH” MKk 2015 FA
A E FREF T IR (CBS15010)

SE3#Ek (References)
[1] GkEE. Fis /2 M]. d650 B E0E H L, 2000.
[2] AR, HE. BEELITTRIRSRER I HD]. SCEHEAL, 2004(1): 17-20.

[3] #hfh, XIBHA. B8 RIA RSB RSHR[C). P E AR 2 SR &R R 4 2009 FEELSE
R B IR 18 SC4E, 2009: 267-270.

[4] FkEM, HHEE MATLAB #FE[M]. dbat: dbatiias i Ko s, 2010.

[6] #HEDE MATLAB A5 SRe#fE[M]. dbat: s Dk ik, 2010.

[6] F=4&R. MATLAB fEHCEEBIF M AIM]. dbET: dERTHUES AR K22 ki, 2010.
[71 Meerschaert, M.M.E02= @5 7725 70 AT [M]. Abst: HLBE Tk L, 2016.



L
Hans X
W BRE B EZ I TRSE:
BRaAT & RS (QQ- MiE. HiFE 1)
s U AC B &3 B A
24 /INEF DL PN SR A8 ) TG 55 1)
I AR S 45 h5 T
N EAT &
S0 A 2R
4= W 25 78 15 HET IR B BT 9T

hEE S http://www.hanspub.org/Submission.aspx
HAFIIEAS : aam@hanspub.org

NogapwhpRE



http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	Based on the Catenary Equation Analysis of the Mooring System State
	Abstract
	Keywords
	基于悬链线方程的系泊系统状态分析
	摘  要
	关键词
	1. 引言
	2. 单个参数变化时的理论递推模型
	3. 多个参数变化时的数学模型
	4. 算法描述
	5. 总结
	基金项目
	参考文献 (References)

