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A Study on Welding Deformation of Thin Plate Block of PCTC by Using
Equivalent Load Method

SungKoo Kang" " -JongSoo Yang'- Hokyung Kim'- JooHo Heo'
Research Institute of Technology, STX Offshore & Shipbuilding1

Abstract

The use of thin plate increases due to the need for light weight in large ship, Thin plate is easily distorted and has residual stress by
welding heat, Therefore, the thin plates should be carefully joined to minimize the welding deformation, In this study, the welding
deformation of PCTC which use a thin plate is investigated by using equivalent load method, The analysis model of 10, 11, 12, upper and
garage deck is composed of thin plate of 6mm which is susceptible to welding heat, For two different welding sequences, the welding
deformation is calculated and its trend is investigated, The influence of gravity on welding deformation is studied,

Keywords : Welding Deformation, S7fot&H, #&&
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olsiod, ofeliet Zc = 2 @
o, =k, [ﬂ (1) 2. Fillet Joint
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o, : &4
(0] g ey 3. Lap Joint
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4 A=A | Input Geometry |
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Calculate the transverse shrinkage of free welds
% By using obtained empirical equation from experiments data.
= py (Plate Thickness, Root Gap, Bevel angle, Welding area etc.)
| tq
o2 'ﬁT}
. Analysis of the degree of restraint(=restraint stress)
G 226 40 6 80 06 120 Ho I

=5 (P) Kg/mm2Anm
Fig. 1 Effect of external constraint on the transverse shrinkage

SliEHs o8t 8 #iE M Flow chart= Fig. 22}
ZT}h Masubuchi(1980) S0| HMA|SH MEIAl 2 3 45 ARZ3]0

A% Al 87 a2 AMBich MMl 84 B HEot
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ool MBSt 8T ZUI(BH W, 8H MR, 89 MY, 8% &
£, h24el 37|, ME S)ol B 8 m2AB FABPIo Iy
2 ALBBIACH hA| SRolA BEM A2t watoz 9| wel
£ Jfet 3 SiMS AAISI0] 2t TEOIM LMK BXM X2t

Calculate equivalent shrinkage of restrained welds

By using relationship between degree of restraint and
the ratio between the shrinkage of free weld and
the shrinkage of restrained welds in Reference (1)

!

Anaysis of welding deformation

Load : equivalent shrinkage of restrained welds

!

Combine the result of Analysis

Fig. 2 Flow chart to analyze the welding deformation
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3. 3”&! Table 2 Material properties
Elastic Modulus 210,000N/mn?
3.1 84 oo Poisson Ratio 0.3
Shear Modulus 80, 769N/mm?
Density 7.8%107° Kg/mm®

ol

1442 ¢let PCTC 2HE Fig. 3ol ZASIRACE

3.224A =4 ¥ sl =d

ZA 10X} sk 88 #HE F9l= 10 Deck, 11 Deck,
12 Deck, Upper Deck, Garage Deck2A{ 0| 20| X7/
S & = UALE BAXTS HESIFCt ol =2 HF
She 229l X, Y, Zzgksk2 Fig. 62} 20| #&3I%ct AEg 1
245104, Fig. 71} Z0| S2{o| 2ZsI=F I,

......................

Fig. 3 Configuration of PCTC ]

PCTC AOL%'_ ?_EE 6mm %EF% AI%gl_l-c'lk- |:_'||-‘-l_|il-2E %Elo‘i | N I N N N N N N N S N S S — i N N I U N N N N N N
U7| 2ol BY HEol| Floket A2 oAM=t siM S5 H ENEE
A 2HOM XX[Sh= IX|l= Fig. 40l FAIIH 20, MEA i EEEE
ol == Fig. 5, 52| AO|== Table 101 FAISIC e e e e e e e e

of FEM

T

L.

Fig. 7 Gravity condition of FEM

=0 EAlske 8 79 ¥ 8% ZFE Fig. 80l EAISIH
Ck 10, 11, 12 Decke= B % EEl =QIEZ 0| MRS
0, Upper, Garage Deck= Eel 2 SHfj7| =CIEZ A=

=
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Fig. 5 Finite element model

ct.
Table 1 Size of FEM
Width 32,260mm ol H IRl V]
it n L
Length 19‘200mm :ID“‘I_H | S I S ——— — I—I B S S S S —————
. I | ] ]
Height 3,170mm = EE FE T i T E =
T Umwms H mwmal
aflAMol| AR==El Pre, Post Processor= Patran 2005 r2&, Solver I T e O S et s 8 B
_ B} ; |_f_ 9 u aaEa 1T
£ Nastran V2005.55 ARZSIFICE siAMol Al2s 2 SAM%| | =22HA : —
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!
«

. 8 Welding joints of FEM
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Fig. 9 Welding sequence
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Fig. 10 Deformation of 10 Deck
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Fig. 12 Deformation of 12 Deck

Special Issue of SNAK, September 2011

109



7.42+001

6.74+001

6.07+001

§:39+001

4.72+001

4.06+001

5574001

2704001

202+001

1.35+001

&74+000)

o

default_Fringe
2% 7 @Nd 16482
236

default_Deformation
M2 7.124001 @Nd 16482

6964001
6.52+001
5694001
5064001
4.43+001
5794001
3164001
253+001
1.904001]
1264001
6524001
o

Fig. 14 Deformation of Garage Deck
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Fig. 15 Deformation of Upper Deck without gravity
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Fig. 17 Change of the largest deformation as welding of
deck proceeds
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