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A Study on the Analysis of Welding Distortion for
Moon Pool Structure of FPSO Vessel

SANGIL Kiv*
*Ship & Marine Structure RED Team, Daewoo Shipbuilding & Marine Engineering Co., Ltd,, Geoje, Korea

KEY WORDS: Welding Distortion £8%¥ 3, Geometric Inaccuracy 7151312 RAE

4], Additional Man-Hours &7} 24,

Distortion Control Method ¥& A|oJ¥, Optimum Welding Sequence # 29| 844

ABSTRACT: The welding distortion of a hull structure in the shipbuilding industry is inevitable at each assembly stage. The geometric
inaccuracy caused by the distortion tends to preclude the introduction of automation and mechanization. Thus, additional man-hours are
needed for the adjusting work in the assembly stage. To overcome this problem, a distortion control method should be applied. For this
purpose, it is necessary to develop an accurate prediction method that can explicitly account for the influence of various factors on the
welding distortion. In order to minimize the weld-induced residual deformation, this paper proposes the optimum welding sequence as a
method for distortion control. The validity of this method has been substantiated by a number of numerical simulations and experiments.
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Fig. 2 Dimension of experimental model
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Fig. 3 Proposed welding sequence. (a) front side 1 layer
welding, (b) back side 1 & 2 layer welding, (c) front

side 2 & 3 layer welding.

Fig. 4 Actual welding sequence. (a) front side 1 layer welding,
(b) back side 1 & 2 layer welding.

Table 1 Angular distortion according to the welding pass
number (measured span : 800mm)

Pass Vgl 2| 3| a4l 5| 6| 7 8|90l
Number
Bending
Deflection | 5| 5| 6] 6| 7] 7] 8] 8! 9] 9 | 9 | 9 | 9
(mm)
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Fig. 5 Angular distortion of experimental model, in mm. (a)

=

front side 1 layer-welded specimen, (b) back side 1 & 2

layer-welded specimen.
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Fig. 6 Logitudinal bending distortion of experimental model, in
mm. (a) front side 1 layer-welded specimen, (b) back
side 1 & 2 layer-welded specimen.
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Fig. 7 Transverse shrinkage of experimental model, in mm. (a)
front side 1 layer-welded specimen, (b) back side 1 & 2
layer- welded specimen.
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Fig. 8 Longitudinal shrinkage of experimental model, in mm.

(a) front side 1 layer-welded specimen, (b) back side 1
& 2 layer-welded specimen.

4. SEHHYO CHst XA

b9

4.1 SUS-Overlay 8= st IRHE

A Ale] FIlesamde 239 duksld
AF o 83iu. gAagHd Aole EE A9 AR
9] &% o4 e nH3IHUoH(Fig 9 Fx), Iy dout
= Bote] gAY s FAY 4 A= A<Y(latent heat) 2
E29E 13k ARZRE FYHE 3 TE(weld
metal)S ZAs}7] 93 a4 A H(element birth method)
< o83, o e 2V A4 Bd AAE mdw

o

i

=3

e

3k, sj40] A2 7] o)el] -8AIHI=(weld bead) £} 2
AES EF 2% g, ARl mE HlE=E84(bead

element)7} 3y BAAE=F e Fojvh AAzdore
B mde) HE WojlM giFRE Qg E&Hel dvkm 71
3t QFAAZAE FrEEa, di71e 2% 20TE 71
akgict

SHUET}E Bole e FA
AREE 840 EWd 7Ya}
Wy, AAHLEE F Uy 5l
He vEaded AHIAE&E 7t
2t oldg I
SHAPANN L ddgeiNe] 2HE EdE U8 gk
, AL e 53 7 AHolA ] e LrE¥r d
A AlY sheze] "ok mEb duaAgdsa Al
gl A9 84 EES adgE AREsIPeH, 84
A Al TGS PHE ol83A o] Holx BE VA
2= wet Wstes Zddstdn
Az 73 2de Fig 119 Jehd

js
o

o2 s e,
AR EEECis
BH, E siaoNE 4

WHog 2EEES A

b
o
Ir

o

of

i e

I

B

A I A}

2l A BAEo]
(Fig. 10 &x), Az &
e} 2ok

Fig. 12 8|4 mde] 39S MEFn gom, Fg 13&
A mdo] Alzto] Aol wet 2t &3] B Wie 2
& vehdth Fig 14 34 2o ¥y g Ro F1
ded, &3 AY Aol F - FEYENES] balance A&
A HHo &3 ¢AE &3 =H4E SUS-Overlay 8352



FPSO41 Moon Pool %9 &3 a A

T T T T T ™

k (x103cal/mm sec °C)

~ 10)— T i
< : p(x105kgimm®)
O 88— — ) — - 7 —
o R
4F - 4
S ox10alkg °C) ]
o . AN TN
0 200 400 600 800 1000 1200 1400 1600

T(C)

Fig. 9 Temperature-dependent physical properties of mild
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Fig. 10 Temperature-dependent mechanical properties of

mild steel
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Fig. 11 Strain hardening model for mild steel
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Fig. 12 Dimension of analysis model
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Fig. 13 Element birth for analysis model to simulate the

welding filler metal. (a) load step = 1, (b) load step

= 6, (¢) load step = 14, (d) load step = 18.
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Fig. 14 Deformed shape for analysis model
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Fig. 15 Dimension of actual plate model
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Fig. 16 Deformed shape for actual plate model. (a) free edge
condition, (b) restrained edge condition.
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