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Fig. 2 Schematic diagram of the decomposition of a cylinder

and a triangular prism

K3 KITAM s E

Fig. 3 Schematic diagram of cuboid decomposition
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Fig. 4 Diagram of the intersection of a tetrahedron and a water-

line surface (only three relationships listed )
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Fig. 5 Exploded view of the underwater triangular table
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Fig. 9  Schematic diagram of a semi-submersible vessel
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Fig. 10  Schematic diagram of the liquid tank
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Table 1  Center of gravity of the semi-submersible vessel under

trim
o JEZRTE Lo /m TR R 38 A B O /m
: x y z x y z

AP

R 100 0 7.5 62. 038 0 9. 090
JE#:255T

AT
AR 100 0 7.5 58.202 0 10. 858

JE#:355T
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Table 2 Semi-submersible vessel element information

—heAE1 B4 2 NI 3
0,-16,7. 5/ =Kkt 35,0,7. 5/AMAE  95,-16,0/ ST AR T 4
T 1 AR b e 1Y AR bR 1A A
20,-16,7. 5/=KkE 35,020/ 110,-16,7. 5/5TH A
0045 3 B A b e 2 B AR AR 0045 3 A A A
0, 16‘%345[3//‘;1511?;%&@ VAR o 95, 1;: Z.ﬂz@;ﬁ%bﬁ
20,16, 0/ =K HETH 95,16, 0//75 HIA TS 5
RS AR I AR A
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T0 5 6 B A b PATOUE 6 1Y A8 b
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Table 3 Trim calculation results of three methods for semi-

submersible vessels

_— Au;oCAD AR Maxsurf i fW2/%  (W2/%
Katffit/m  TPff/m (200801 )/m  (AR3C)  (Maxsurf)

1 5.0009 5.0011  4.9910 0.003  0.198

K 2 5.0009 5.0011  4.9910 0.003  0.198
DA 3 4.5528 4.5526  4.5650 0.004  0.268
4  4.5528 4.5526  4.5650 0.004  0.268

1 9.0224 9.0290  8.9740 0.073  0.536

B4 2 9.0224 9.0290  8.9740 0.073  0.536
UM 3 7.5184 7.5206  7.5860 0.029  0.899
4 7.5184 7.5206  7.5860 0.029  0.899

DA% = | (B (Maxsurffi ) - AutoCAD{E ) + AutoCAD{E x 100% .

2 wETE

W T LU, AT
B ASS00 (IR 11 77 ) , HEK (1,926 mm, 5
(B,)800mm, 5(D,)296mm, Z#F ik (M,)12.05kg,

77K (d,) 196. 7 mm. 7EF ] Maxsurf #4757 %t L 534
IR, T8 AutoCAD 1551 RS Aff i o 56 E AR SC
(=RPREN)

Wz W vE T S PRl LS. 24Nk (i
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Fig. 11 Schematic diagram of the offshore platform model
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Fig. 12 Floats
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Fig. 13 Horizontal braces
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B4 SoAECERe)
Fig. 14  Column(Liquid-containing chamber)
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Table 4  Center of gravity in each working condition

w 0. 4kg HEZH T 0y/mm TEARRUEZR 1A BT L /mm
x y z x y z
1 463.0  290.5 319.5 463.0 9.3 185.9
2 152.5 0.0 319.5 453.0 0.0 185.9

3 783.0  300.0  319.5 473.3 9.6 185.9

AR P 2EA T 3 R TOLA TR ST, Rty
BUGEINRIE R TR o h, XTI AN 15 Br
o Forb, BB AR E S AR AR LR g 2 i
10 UCEAUMAS I, HAR M T B0 A A BL R LSO
e XULHIAIIFTE 3 B3R B B b

5 TS Maxsurf B2 (Y

Table 5 Program with Maxsurf’s column scale values

T O (R i) T 2900 0L 3(EREAS)
o PR {H/mm  Maxsurf{H/mm  W#2/% PR/ mm  Maxsurf {H/mm  W#2/% PR/ mm  Maxsurf{/mm W 22/%
1 219.6 218.2 0. 620 220.3 216.7 1. 661 237.9 238.3 0. 187
2 257.7 256.0 0. 682 220.3 216.7 1. 661 277.2 277.5 0.091
3 257.7 256.0 0. 682 257.0 257.6 0.233 239.5 236.0 1. 503
4 219.6 218.2 0. 620 257.0 257.6 0.233 200. 2 196. 8 1. 704
D= |(*§f?{ﬁ — Maxsurf{H ) + Maxsurf{fi x 100%|c
Fo TEIMTEIIMEHLIEE
Table 6  Gravity and buoyancy line distance
I/mm [/mm
o PV R e
B G teasw rsstEsm | o R TR e TRAGERR)
1 8.7385 9.3962 13.2300 0.0364 0. 0000 0. 0083
2 5.5447 5.6427 9.7404 0.0138 0. 0000 0.0047
3 2.3433 1. 8809 6.2596 0.0113 0. 0000 0.0020
4 0. 8679 0.0037 2.8002 10 0.0012 0. 0000 0.0015
5 0.7391 0. 0000 0. 6888 11 0. 0000 0. 0000 0.0003
6 0. 0640 0. 0000 0.2332
14 —— HErRER TR kSt . HERAETFEhZ
12 + —a i A N =11 N
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£ 6f HY)H R « 7 i T E . WE16 R, X
4r R AR o3 T A7 B AN TR 5 380 B2 A P e A A A
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Fig. 15 Convergence trend chart of [

N T R, AETIEE ]
AutoCAD EEAGH] T K" (RT75250) .
FRIMETALAL: X2 R & ST IR AT
SR, FHEET Maxsurf fiff, 25 S H0T TS Wi,

16 [RIREBC & AL (CPU 3240 1. 8 GHZ) R4 7 #i
B T 50351, Maxsurf (200 3 18 45 ) 75 0. 76 s,
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Table 7 Heel calculation results of three methods for offshore

platform

ke AutoCAD X Maxsurf i 2/%  (W2E/%
Ftfff/mm  FFH/mm fF/mm (K) (Maxsurf)

1 219. 1 219.6 218.2  0.228  0.4l1

2 257.2 257.7 256.0  0.194  0.467

3 257.2 257.7 256.0  0.194  0.467

4 219. 1 219.6 218.2  0.228  0.411
D= | (Bl (Maxsurffl ) - AutoCADH ) +AutoCADfH x100% |.

E16  Maxsurf i 5 & K
Fig. 16 Schematic diagram of the Maxsurf offshore platform
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Floating State Calculation Method of Multi-Convex Structure
Considering the Influence of Free Liquid Level

LIU Xiao ZHOU Quan FAN Tianhui CHEN Chaohe
(School of Civil and Transportation Engineering, South China University of Technology, Guangzhou 510640, Guangdong, China)

Abstract: In view of the influence of free surface in tank on floating state and stability, this paper proposed a new
floating state algorithm of multi-convex composite structure. The floating body and the liquid tank were
decomposed into multiple tetrahedral elements, and then the buoyancy and center of buoyancy of the floating body
and the center of gravity of the liquid tank were determined by analyzing the relative position of each tetrahedron
and the water surface/liquid surface. An improved double iteration method was also proposed to determine the
floating state of multi-convex composite structures: the inner iteration method was used to simulate the heaving
motion of the floating body to obtain the water/liquid surface equations outside the floating body and inside the tank;
the rotation motion of floating body was simulated by outer iteration. The two iterative methods were carried out
alternately until the distance between the gravity action line and the buoyancy action line of the floating body meets
the accuracy requirement, and the gravity is equal to the buoyancy force. The study calculated the floating state of a
semi-submersible vessel and a semi-submersible offshore platform under various typical working conditions using
self-compiled program, and the influence of free surface was also considered. In addition, MAXSURF modeling was
used for comparative analysis, and AUTOCAD was used to verify the accuracy. The results show that: (1) the
algorithm can take into account the influence of free surface on floating state with clear principle and good
convergence; (2) the algorithm is easier to obtain accurate solutions for both traditional single-convex structures
(such as single hull vessel) and multi-convex structures (such as multi-hull vessel, floating offshore platform, etc. ),
and its computational efficiency is higher; (3) the algorithm can realize the “building-block” modeling mode, which
can greatly reduce the workload in multi-condition modeling; (4) the algorithm does not need to rely on foreign third-
party graphics platform (such as AUTOCAD, CATIA) , which lays a good foundation for the localization of related
industrial software in our country.
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