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A CAD-based Software for the Simulation of
Lifting and Turnover of Ship Block
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Abstract

In this paper, an application program is made to simulate the behavior of a ship block under various crane
works and to generate data of Jug reactions and wire tensions. The program is based on a CAD program,
Pro/ENGINEER. A ship is composed of more than 100 ship blocks. In order to lift, move, turn, or put a
ship block at a convenient location for assembling, workers in a shipyard use cranes, wires, and lugs
temporarily attached to the block. In the procedure of lifting and turning a ship block with a crane, it is
important to find suitable lug points and wires to do the handling efficiently and prevent accidents.
Evaluation of forces in lugs and wires is necessary, but the problem is rather complex due to nonlinearity and
nonuniqueness. In the present development, the nonlinear system of equations for quasi-static equilibriums
is derived and a Newton type solution method is adopted to solve the system. The importance of initial
estimates to the solution is illustrated and two approaches are utilized and compared. With the program
developed, users can assign lug points on the CAD model by mouse and choose various linking devices at
each crane point. Users can try to simulate the motion for any prescribed conditions, compare the motion of
the block and the reactions and choose appropriate lug points and the type of wires and lugs.
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Fig. 2.2 Wire tensions and degree of freedom of B/L
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of freedom of hook

Fig. 2.3 Hook
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Fig. 2.5 Variables in block system
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Fig. 2.6 Variables in hook

241 oO|X|$

ag 25 oA Feololojg} EEnig
F-etolo] o] FE(fm) 3 /M B9 ZAR
2 2 JAWdG) AFs:=
& 4 .

3% 26 9 F AR A2"o A=
o A F A2 X9 #Ax 5
A7t ARZH A

n#se
A9 o
6 A9 AFE A

% g}o]of
F4709) o

a9 27 9 £% 29 A2 E 3 AF
Nags vmg o 34 4457} 2 /A 7150
F 6709 WAL AAEHJS. AEHLE EF
o B 97, T AEY B 47, BF 29
Y 6717k vl AFE A HA
242 F4

HAA A2 A 75'0‘*!‘2} Y HygAn muE
BAYAL ¢t 6 7)), B2 29 A4 7}
Y BYH 334G F5 AFAY Y ZUE
AE A 2AE HFYPA 2 A, F Ad9 A
T S5 HFEA zt e 3 FFA 3 A A

Lo

°4%JE}. of glol HA| M2 elA Folojo]
ol A% = 3/, £F 2} T AZY B¢

oololel Aol AR zdol 1 AN S,

2% B2 97N, 32 AR A 4, 2

EHJ A% 6 A9 WAY A9 ol mﬂﬂ

3 o= RSy £9 NG & F Aok
olgel W8e B E 213 Lok

Table 2.1 Variables and formulations

Variables and formulations Number
Crane pomts pPc,. Pcy, PC, 9
Lengths of main wire Im,, Im,, Im, 3
BIL* information d a : Relative pllzsitAion amlung
Input points where wire is hanging
vanables
Sum of sling wires leun z’:lszx fig +0y
Weight / center of mass W, G(x,y.2) 4
Lug points Ipt,,, Ipt,, Ipty, .. 3ng
Tension of main wire fm,, fm,, fn, 3
Tenston of sling wire f5,.65; Ny +10,
Unknown ["Eag point of main wire
variables / BIL rotation pe;, pey/ B, ¥ Sny+ 30y

Equilibrium position of

vlock dG (x5.¥¢.2¢.%,. 8,..8.) 6

Static equivalent D F =0, i=X4,Y5.2s

conditions DM, =0, i=X5,Y6.2%
Static equivalent ZF;=O’ i=x,y,z
conditions in sub- S+ 30y
Formula- system (T M,=0, 1=xp)"
tons
Length of main wire { |pc, —pe,f=1m,,c=123 3

zl:'Ph:x'Pla"' ;"sd
lee, —pldl-led

Length of sling wire

fig +Ny

* block loader
**moment equation is added in case of block loader
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Table 3.1 Information of the block used in example 1

Block Size (mm’) Weight (kg)

A220x2(P) | 12440x15000x3000 95,139
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Fig. 3.4 Turnover scenario after changing lug point
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Block Size (mm’) Weight (kg)

E420x2(P) 20000x18000x9000 126,574
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Fig. 3.6 Simulation of moving crane point
a9 37 & 7 Fejolofo] Agals el W
3 e AA REAY 25 F e kA 2o
Wt EAG AOE, 1 W Fololg WH o
stolofe] FAL grast Umix 2 @, 38 Fob
olelel FEe Zrkse F4E BIT & U
53] o] dAlE 1 W ZA ARNHFY 9HE ¢
Jenz Al AHE 2F

9= oFAF F 4
THE AAH £ 5 QAo

Hodeg

Angle

Wire tension

T T T -100
e 2 “ L] L] w0 12 14 18 12 0
Frame number

Fig. 3.7 History of tension of main wires
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