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Fig.2 Coordinate system of the mooring system
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Fig.3 The force analysis of buoy
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ficosy, +f = Tycosy, +g

STI sin y;sin B, +f = T,sin y,sin B3,

7' sin y,cos B, = T,sin y,cos B,

ST1 sin y;sin( ¢, — B,) = T,sin y,sin(B, — ¢,)
Elb‘lcos visin @, — Tysin y,cos( p, — B;) cos ¢, =
o T,cos y,sin @, + T,sin y,cos( B8, — ¢,) cos ¢,.

%, =%, +1 sin @sin ¢,

¥y, =¥ +1 sin @ cos ¢, (3)
z, =z +1 cos ¢@,.

OTIRCE (2). 3 (4):
%, = x; +1 sin @;sin ¢,
Yis1 =Y +1 sin @.sin ¢, (4)
z, =z +1 cos g,

o, (=123 4) (5):
licosy, +f =T, cosy, +g
EITisin ysin B, +f = T.,,sin vy, sin B,
(T;sin y,cos B; = T.,;sin y,, cos B,
E’Tisin vsin( b, —B;) = T, siny, sin( B, — ;)
Elhcos v:sin @, — T;sin y,cos( ¢b; — B;) cos @, =

- T, cos vy, sin @, + T, sin '}’i+|cos( B — qbl) COS @;.
z
(6):
Xg = x5 + 1 sin @pssin ¢s
Y6 = ¥s +1 sin @scos ¢s (6)

zg =25 +1 cos @s.
o5 b5 (7):
fscos ys +f = Tecosys +g + T cosé
E’Tssin yssin Bs +f  + T sin@ = Tgsin ygsin B
[l sin yscos Bs = Tgsin ygcos B¢
BTSSiI’l vssin( ¢ps — Bs) = Tgsin ygsin( Bs — s)
E’b‘scos vssin @5 — Tssin yscos( s — Bs) cos @5 =

S Tscos ygsin @5 — T sin @5 + Tgsin ygcos( By — ¢bs) cos @s.

(8):

X

™ x; +1 sin ¢@;sin ¢,
Y1 =¥ +1  sin @;cos ¢, (8)
z,, =z +1 cos g,

L d)i(i=67 ) (9):
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DTiCOS vi +f = 1;,c08Y,,, +§8
grism ysin B; + f = Tiysin y;,sin B,
[(I'sin y,cos B; = T,y sin y,, cos B,
o, . o (9)
l;sin y;sin( p; = B;) = Tiyysin y,, sin( B, — ¢,)
Elhcos y:sin ¢; — Tisin y,cos( b, - B;) cos @, =
0. T, cos y,,sin @, + T, sin y,, cos( B, — ¢,) cos @,
(4) (6) (8) (5) (7) (9)
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Fig.6  The shapes of mooring system with different wind speeds
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1 1.0 m/s 12 m/s
Tab.1 The shape of mooring system with water flow speed 1.0 m/s wind speed 12 m/s

/(°) x /m % /m /(°) /(°) /m

0 17.941 4 0 4.629 9 10. 894 8 0.703 85
45 17.703 9 2.3853 4.386 1 9.9357 0.702 70
90 17.195 5 3.793 9 3.717 8 7.050 8 0.699 75
180 16. 840 1 0 2.4216 0( ) 0.694 76

B -8

mmmmmm
g

S10-150 55 10 S5 S ojosg

TE 7K U 358 75 16 fid 125 9 s L 125 /m KU 2 L5 [ A 225 3 B B S /m

a. 90° 12 m/s 1.0 m/s; b. 45° 12 m/s 1.0 m/s;
c. 0° 12 m/s 1.0 m/s; d. 180° 12 m/s 1.0 m/s
7

Fig.7 The shapes of mooring system with different wind’ s directions

16 ~20 m . 1.5
m/s 36 m/s.

0°. (
16°) 2.

2
Tab.2 The data with different types of anchor chain and different quality of the ball

/kg /m /m /(°) /(°) /m
5300 1.842 0 33.070 4 4.9228 15.803 9 35.33
! 5 400 1.869 0 33.077 3 4.846 1 15.765 1 35.33
5500 1.899 0 33.084 2 4.7719 15.726 7 35.33
5 600 1.9230 33.091 1 4.700 2 15. 688 7 35.33
5200 1.844 1 27.294 5 4.909 1 15.909 9 30.1350
L 5300 1.871 2 27.296 7 4.8325 15.900 5 30.1350
5 400 1.898 3 27.298 9 4.758 4 15.957 8 30.1350

5 500 1.925 4 27.301 3 4.686 8 15.948 7 30.1350
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2
Ikg /m /m /(°) 1(°) /m
5 000 1.824 2 23.053 1 4.9579 15.969 7 26.52
m 5 100 1.8512 23.062 6 4.879 8 15.932 8 26.52
5 200 1.878 3 23.066 6 4.804 1 15.923 5 26.52
5300 1.905 3 23.076 1 4.7311 15. 887 1 26.52
5 400 1.9352 23.074 8 4. 66 15.905 4 26.52
4 800 1.807 9 19.921 6 4.996 1 15. 866 6 24
I\ 4 900 1.8350 19.926 7 4.912 6 15.857 1 24
5 000 1.861 9 19.946 6 4.840 0 15.767 9 24
5 100 1.888 8 19.956 7 4.765 8 15.732 4 23.85
5 200 1.916 0 19.812 8 4.6935 15.983 7 23.85
4 700 1.822 6 17.330 1 4.9389 15.5557 22. 14
v 4 800 1.849 7 17.509 5 4.862 9 15.547 9 22. 14
4 900 1.876 4 17.532°5 4.788 7 15.435 1 22.14
5 000 1.903 7 17.352 3 4.719 4 15.893 2 21.96
5 100 1.9310 17.354 2 4.644 1 15.910 1 21.96
(11)
min = A h + A,r + A50
&L[Ggs (11)
v < 16.
th r 0 0% A=A, =A,=173
3 (11) \% 4 700 kg
22.14 m . 8 wi/16 i
=012 -8 .9 wi/16 1=012 - 16 x0y

2 4 _ .. -0.5
6 -8 _jp -12 14 76 T -0.75

IR 3875 1] i 15 7 o L 1 /m e BL/K L 7 16) fi 5 1 A B 25 /m
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Fig.8 The shapes of mooring system with different water flow” s directions
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Mathematical Model of Mooring System Design
with Water Flow Impact Pressure

LI Fei LU Wen LI Qin

( School of Mathematics and Information Sciences Yantai University Yantai 264005 China)

Abstract: By analyzing the force and the moment balance of the system we build a difference equation system for
the mooring system’ s shape with water flow impact pressure. We get the shape of the anchor chain when the water
flow speed is 0 m/s or 1.0 m/s with the angle to the wind force of degree 0 45 90 and 180 respectively. At
last we determine the type and the length of the anchor chain the quality of the ball under some given conditions

and as an example give our findings corresponding to the maximum water flow speed 1.5 m/s the maximum wind

speed 36 m/s and the depth of water 16 — 18 m.

Key words: mooring system design; difference equation system; multi-objective programming
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