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Abstract

This paper focuses on the studies of mooring system parameters’ design. Firstly, the force analysis
and torque analysis of the anchor chain, steel drum and heavy ball, steel pipe and buoy in the
mooring system are carried out respectively. And the force balance equation and the moment
balance equation are established. Then the buoy depth and the anchor chain are obtained, and the
two expressions related to the horizontal angle of the left end tangent are finally obtained by
MATLAB. The following results are obtained when the sea surface wind speed is 36. The inclina-
tion angle of the steel drum is 7.8566, the inclination angles of the four sections are 7.6962, 7.6557,
7.6156 and 7.5759, the draught-depth of the buoy is 0.7810 meters, and the area is 951.246. In ad-
dition, it is also discussed how to adjust the weight of the heavy ball such that the tilt angle of the
steel drum is less than 5.
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1. 5|18

TR RIS PR R U e, FOh 20 S A L R IR, SRR L B IR AR . RIS i A
F BT 6 DL S AR AN . BT X S P S M) e A b A 72, DA T SER RIA R RN EAN T E AL,
IXEFARAE R IABH 1 53BN — T AR AR ([ 1] [2] [3] [4] [5]). ASSCAHTMRANAE R R GVEH R I3
ﬁ%ﬁ B THE RIAR G S EOR T
T RAELI W AL 5T SRR RS RIARGAUKFEBEIRAG AR (6] [7]), WA 1.
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FhR

Figure 1. Schematic diagram of the transmission node

Bl ffahearEE

PR ARG8T AL N R A (R SO T B2 2 me 75 2 m, JEFRAIR BN 1000 kg) R TH 2 48 HANE
AR EEAER ., PR RE ARR R 1 B S A A LR UL 1 T BN 600 kg, BREEIE A T 2R JERY I E B
W, B4, BNKE Im, BHERNSOmm, FRERREN 10 ke). R HE A 54 10 BE L
HIDIER 7 1) 5 9 PR 1 2 # AN 1ot (] 5 0, 75 DUV > B 464 T BT s BB AL (WL SCHR[8] [9] [10] [117])s

DOI: 10.12677/aam.2019.85110 966 A H ik


https://doi.org/10.12677/aam.2019.85110
http://creativecommons.org/licenses/by/4.0/

ARSI E O 167, KA EINRS LR E— MK 1 my 4ME 30 om %3 BIATENIR A, B&FIH
AR BN 100 kg ARAR BT A B CANAR 5 8 ELZR K e T 5o, B0 I TR R R i 25

) SRR ST EE AR 105 mm, BAKFEE: 7kgm, HEESK: 22.05m, BEYEK
JEE: 1200 kgo BOZAULHAT SURTE KR 18 m. MERSEHL. MK B EER 1.025 x 10° kg/m® HIHR . £fE
AKERIE, T XGE A 36 m/s, SRANKEFI S TENE R A, BREETIR, VAR NZ K IR AN 2 X 35
A EESRANAR B MURN A FEA I 57, SEEECER R SR IS AT 167, W T iy EA) BRI R &2

2. R RZ o

EEVLARE . ORI AL, S SRR . T ELIR A K A 7
AT
2.1. RAT REEEKTZH S HTINE 2

E2 7R

Figure 2. Schematic diagram of the overall force of the transmission node
B 2. AT REEROREE

VAR T 52 (I i R AT 38 F 5 885 32 (K143 70 T, R — %P4 7y, R
Iy =F (1-1)
T IR R AT B AT B I LA S BN
F =0.625x8v" (¥f7: 4) (1-2)

Horhr, SFRVEARER A B AFESE R, 8Arm?: vERRGE, B0AL(m/s). R ATRbRZ 3 & 140
ERMER], oA —BRONRBAEK T, T CLEARAE A T [ B0 S

S =Dx(H—h) (1-3)
Horr, DRORBIRERIFARI IR B AR HEOR BT AR R s AR TR AR TR ALK R B, B
FEARIINE IR -
B 3R(A-3) 1 AS(1-2) T, SRS BT R B RIE AN -
F=0.625v"D(H —h) (1-4)

22. BUREEHNESTEEHDS T

PLRE— /N R BRI LT Lo e, T B TR KA, AT 5 2 b sE
Fo oA 3. AT A X, y BANJT 1 1 57 P 7 5% R 5
{F(T+dT,x)*L(T+dT,x):F(T,x)*L(T,x)

F(T+dT,y)*L(T+dT,y)=F(T,y)*L(T,y)+G(T,yT)*L(T,yT) (1)
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Figure 3. Static diagram of the unit catenary

B 3. BRssnEEhE

Horp, WERRBALSHANER; d RRPARHANKE, TRRAASHRIK: dT FoRHn—»
Bedl Jasamesk7a; O FoRsk TSRV ITRMI S do Rosigin—/NBe dl Ja e .
SN AL B BE LR AL KT ) A B BT 1) R T R

dx = cosfd/ (1-6)
dy = sin d! )
BT R EE 2R A KT T IR AR B 1A ) P T R (1]
(T +dT)cos(6+d6)—Tcosd=0 (1-7)
(T +dT)sin(0+d6)—Tsin @ - Wdl = 0 (1-8)

23, TERHEB NN SROESH

SHICIR[12], X BRSBTS 10, 13805 PR A A 5 R o AR 32 7 0 B eT LA
I e BB IE K, PR EMMBIRR, WE4TR:

>
<

»
\Y »

Figure 4. Static diagram of the entire catenary

B 4. BEEBLNHNE

GG BEHANZ AT, . T,. T,=NNRTE%FCLE I, TUARKAT,, T,5
KV 71 T R A KA R R

T, =T, cos0,6 =1, cosO,
T;vc *be = ]le *Lax (1_9)
Tby*Lby =7;),*Lay+G*L
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Horp, T, FORBNEEERITK T T RSN BT s 1,7, T, T, 7 B S B KT 5 &
ELI7 A 73 DR T SR K S S B IS RN 2 )1 6, M 6, For T, M T, 5K T I5 R RS T, 30m
HEERI TR I ACT I s Ly Ly Ly s Ly, 20RO B BEAE KT 5 B BT 17 4% A SR S A AN AR G
KT SR EIT MR R MRS L =22.05 K.

ST (1-6)~(1-9) B KM, M B LR SETTE:

X =%[sinh’l (tan 6’}))—sinh’1 (tan o, )} (1-10)

:%(\/l+tan2 6, 1+ tan® ea) (1-11)

Horb, xR EREL RaBbHIKT B, yROR L Ha B b B EHR
2.4. BEEFEKE
4t =sinh™'(tan@,), 1, =sinh™ (tan6,). K¢, , ¢ WAR(L-10)FI=(1-11)H 4k A1 5 -

T;
x:WO(tb ~1,) (1-12)

y:%(coshtb—coshta) (1-13)

X R(1-12)3H 78T, 153 R TR RN

t, :%+ta (1-14)

B (11471 ANX(-13) AT, SRR SR TN

L[ cosh —+t j—cosht } (1-15)
w

2.5. BELKEKERFFRIZKRE T ME

FERBEL FHUR AL TZ R 2k, IXBhZE TN ZR B, WAL ds® = dx® +dy? o FIHT BHZR A0 ) R AECRE
TR BHEL D BT K, KIETLT PRIZB . FIRVABER ds® = de’ +dy” RIGE —BERBIKE,
FERS A B BOK FEAR M INAS B S B 2 1 R FEE

R B AR R, BB :%[cosh(%+taj—cosht‘l} 7E[0,%,] K e i K

I=["\1+ () dx (1-16)

s T NN y , . .
BT =Wo{cosh[g+taj—coshta}Xﬂxlﬁﬁik%'—, HE ! AR
y'zsinh(?+tujztan9b (1-17)

0

RANH(1-17), B RBREL KEHRIEXN:
/ zﬁsinh(@+ta]
w T,
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R S

B R (1-4)T5 N (1-18) BB 15 3 BB LR K 5 R

625v*D(H -
j_WO2VD(H R o +1, |-sinh(z,) (1-19)
w 0.625v>D(H —h)

3. MEZ NS
3.1. MBS DES

M THARAE B E T R R AR, DA AR R AR, PRI v) DA S R T R
{F'Zx * L2x = Yl‘x * LL‘X

2-1
Fy %L, =T, *L +G*L &

3.2. WMIBHZ N5

FEREL S ARG OLR » XARRHEAT 32 37307, 0 A SN S T /K- P71, LT 1A )48
M s e ARIESZ 30 H, AT LA R AR A 0 B n 5 s -

Figure 5. Static analysis of steel drum

Bl 5. RiERIER oA

SRR A 7 20 A LA KT T 1 R L [ T R
{Fz sina, =T,sin6,

(2-2)
Fycosa, + Wy =W, +T, cos6, +W

Hoh, F, FORAE DR o, RS VRIS . T s R, 7 5 3R(3-9)
S T, NI 3s 0,301 T 5 HIT A W, FoR RIS W, R S W,
SRR EYIRIE S . TS, T

S M= (Fxd)=0 (2-3)
Hof, o, FORMBBRNO AR, R . RIREE]: x =l-sing,, x,=l-cosa,. XE NN
TR A R T, B R

. 1 .
—l-F, -sing, +1-F,_ -cose, +5Wi_§ -sing; =0 (2-4)

R, F,NF, MR F KT IT AN BT K7 775 o R B0R A R K 3(2-2) 5K
& Far A(2-3) 15 31
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. . 1 .
Ly sing, - F, cosa, +1; cosa, - F, sina, +EWl+m sing, =0 (2-5)

K22y ANX@-5) 1, WERF,, EXWILFENERL - cosa, , MHRLALRAFE]:

tang, = 3 1. -sind, (2-6)
5 Wi =W )+ W =T, -cos6,
3.3. MEBNESH
T AEAE AR N b R, PRIRARE A DA, BRI AT DU S ) T R K
Finfl,x) *L(nfl,x) = Tinﬂ,x) *L(n+1,x) (2_7)
Finfl,y) *L(nfl,y) +F:§n *L = TinJrl,y) *L(n+l,y) + Gﬂ *L

3.4. WEZ DS
FEA R AR B DL, XHNE 1A 43T 32 00 0 A SN T~ A5G KT i,
BT R8T . ARAERZJ30 8T, W] LA H AR 1~ P4 i ) B o -

Figure 6. Static analysis of steel pipe 1

B 6. ME 1 BN

B AR L HIER 10T, LA LU KT J7 1) R0 B 7 ) 1) 14
{173 sina, = F, sina,

Fy-cosa; = F,-cosa, + W, =Wy,

(2-8)
Hrr, B R E2RNE IR T o ToRIVE2RBIRA I W, RonMEIINES; W, Rl
Pz (-7 XX Q2-8) AT V7 JE AN, 1B ITHE:
F2=F2 (W~ ) +2(wy, W, WE 17 (2-9)
PRI EEA AN 24N 43 AT B T 0 b, BEB S A5 2 05 A4 -
Y =T + (Wi =Wy + W, ) +2T, o0, (W =Wy, + W, ) (2-10)

b, W (i=1,2,3,4) RS -4 E S, W, (i=1,2,3,4) R I~REAFTZ 0T H1: T, %R
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BB AR IR T

4. BEEZ I

4.1. FIFERNIES T
ENLER SR TITRE

{F(éx,x) ¥ Ly = F *L G3-1)

By * Ly tG*L=Fy*L

4.2. FRZE N
5 JEFEARAE WA BT I K B AR, A1 745 B AR 230 e XU R I e 22 20 -
F=0.625xD(H - h)v’ (3-2)
HADRIRFFARIRIA AR HERTIREIE L hRNTEARCKIIREE s v i T XU

TEANEAZ IIAZHIEDL R, SHFEARABEATER D100, e AR i 0 (N 1518 o 3 ST bR ok
TR T5 TR BT ) 4 0~V T R

Figure 7. Schematic diagram of the buoy on the projection plane
7. FRERETENREE

Figure 8. Static analysis of the buoy

& 8. FHrEIER o

F = F,sina, =0.625D(H —h)v’

I ) (3-3)
Fycosag+Wy =W, = ZpghnD
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5. RIARGRES
5.1. RHRER NS
BRI RGHEAHEAT 50T, FB 1R 9% A D B 2

F =F;singg

Fysinag = F; sinag

F;sina, = F,sina,

F,sina, = F;sina, (4-1)
F,sina, = F, sina,

Fysina, =T, sin6,

T.sin6, =T,

5.2. RARGEREKE S

FMAGRE KL Y Nl TR TR ER S, e S BT 1/ B L B 8 BT [ FO K
A IR R BT R R . PR AIIZ KR LA R BRI

Y=y, +1;cosa, +1, cosa, +1. cosas + 1. cosa, +1, cosas +h (4-2)

5.3. FRERXEHE
FEBRIE Bl A D S BE KT T [ AR BE S AN KT T IR EE L A 1~ AN 40K 7 Tl R FE 6.8 73
A, R

(4-3)

L=x,+lsina, +1, sina, +1, sina; +1, sina, +1,. sina;
S=nl’

Horb, LERORRWMARGUKT KL SEORTER IS X IR
6. HEEIKR

[13][14] [15]

stepl: EEHES R VIZE SR INIE S 0, FIREREACTKBE x, HN(1-17), THEH BEREXT A9 AR 5K 77 10
Ji T 57KP- 2RI A 6,

step2: HI¥ 4 FE16, 50, HA&, KIF0,: WMIEA-6)TLARGT, . FANT, 5T A—XHHEAEH T,
AR T RE

step3: K 7,1 0,1 N(2-5), (2-12), Z3BITHE AN IR o O F, o

stepd: KT, O A F, wANG-3), HHBWE 1 FRAE o, WE 2 BIRAE oy, WE 31
WAL a, , B 4 BRI E o, SEEESR JI/KP I T, -

stepS: K5 @, FI T, 75 N(1-11), RAFRBHELET7HE; FIFH Matlab 5 8 4E i AR E

step6: REEEFEK IR RE x, » B 1~B0E 4 MIIRHA o, ~ o, T N(4-3), Kl RIERGKFKE L,
FARIFEN X IR So BRI RGN X0 DR R, B8 L L bR s X S
NS,

ifid Matlab (R2010a)4mFE s Bl EVRP IR, THEH R RS S SHUNE G 7T, 1 R R,
e B M TE PR BR IR B X 35

Y EYIERT R W, =1200 , WFIHRGE v = 36 m/s 7N [ 7 T (B8 8 3047 SR AR5 RN 1 TR«
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Table 1. Tilt angle of steel drum and each section of steel pipe when sea surface wind speed is 36 (unit: °C), buoy draft depth

(unit: m)
1. SBEXIRA36 m/sEHREMEHINENMS AR (B B), FARIZKREEA: K)
AR A 1A A 2 A A 3 A B 4 iRt ARz K
i al i ar i ar i ar i ar R B
7.8566 7.6962 7.6557 7.6156 7.5759 0.7810

Bt Matlab (R2010a) 3% 44 F2 15 24 FE IR UG an 1< 9

14

12} 7

10} y

0 1 1 1
0 5 10 15 20

X

Figure 9. Anchor chain shape when the sea surface wind speed is 36

& 9. ;&M@ XIE R 36 m/s BFRYSEBERZ IR

HEETTFEN

3y = D748 oon[ X +%l3171j——L0507 (5-1)
7 1974.8

VERR I B X LB IR R, A 18,6721 0K, WA XIRIIAN Y 1095 m. 4T XUEHH 36 my/s
I, ARE AR 5 O BE A I VI 2 SR 10/ 6, =17.8711 . 0, >16°, i pidifT.
H 5 YRR G 77 24
Wy =F,cosa, + W, =W, —T, cos0,

F,cosa, :\/F2 ~F?*sin’ a, :\/Fz2 -T;

(5-2)
=tan @, =sinh (@ +1,
tan @, T
BRI R M, SRR T HEYRERR .
T
W =\F ~T +W, -W, ——— 5-3
i 2 0 7 i tan 96 ( )

M4 B ERE Il AR, R Matlabda F2 R 1 2 B BE AR it 5 48 0 BE 2 AL RO U 26 7 m) 5 1 R R
0 1E—EJaEN, B EYERE SN AR o fE—EEE RN, & BV EE
WIS W 0BT R
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TR S

A lE 2 S oS Py —————
gOO 1000 1500 2000 2500 3000 3500 4000 4500 5000
W, kg

ball

Figure 10. ¢« and 6, the variation of the weight of the weight ball F,,
B 10. o fo HEMHKER F, BT REE

AR S RN A EERAAE, BORSRRFE. REO s, ik X A36 m/shf, &
PIER TR TE1700 kg~3200 kg R] i 013 BN AR TR A BEANHE IS s Bl B R iy 55 Bl () e B A I D) 46 7 1) 5108 R
K0, /16

7. GRS

I HEIRIR S H, KR B, ROEJE VAT RE TR FE AR D, AT 0BG R 2 3G, 7K ik B

5 R [ 5E I, B EE RS G T, (RN K BRI, fEHS VEDE TSGR, SlEE A i 5K
SEABVIFAERG R, B EE N M 2RI s B VIS N, EHS K B R E R LT, B a5 K
PN A AR AR N IE A, SRR E SO T, SR — e R, BEE VRN, R
G, B I R 242 B o NG T KT G K

I TS B A vy 5 G R AR I DI BT R SRR R A O, AR A o, Bl A B A ER T B 1 AR AL R
(e

MEL 11 Ml sn, BEEETEE SR I M 0, B BRIV ot S 3 0 22 8 3 o, 150 B B P
TR IAEIZ BTG OR, HIs 2 M 6, <167 1E 500 kg~1700 kg G IR, SRR o HiH EYER
1) 5 B 3G T 2 /), HLI AR AR o <57, U6 B EL BRIV BT B 14 i mT DAfSE A3 B A rh 7K P S TR A%
(1) CAE R o 3 X A B3R AN B P ) ) R G 2 J1 90 W, DL BT R & RGP AR (Z
DLSCRR[13] [14] [15]).

Figure 11. Schematic diagram of the catenary of different weight balls
B 11. FRIEVRHNB B REE
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AR RAET: D) FERBERENERES, KA TZZE o0 B, RIS HEE. M. W5
FRREAT 52 00 M, RBERTEN, MM, BRI S, 2) ASCE R Z 52 i B, T EE
RERH S YR ACE A BT A 32 100 &R, B EIE I 1. 3) i P R I m AR R,
AR E AR EART, BAFRRAE . ST 1) 225 R KOS FEAR BIS2 M, 2% 1 K
FEREETT IR 2) FElEKiE LIS, R0 1l KB DR IR . BEAL, LR X SEARY (4 G 72
s KISl VR AR, 2 AN TR Fa 5K
PREGBE ) £ X Fif8 . 2 v BRI, Ko 73 FAL) f o bR B O A ke o 458 XU, ]
AT Z5 0 W7 HH SR A 81 B AR 125 15 40 7 PR B 52 B SR PR (B 220, (H DR B BOR, B e
A IR RUN, RZE AT REE AN .

E&WE

VY148 K22 A a3 D I 2Rt RI35 H (201710622060, 201810622025).
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