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Control of Welding Distortion for Thin Panel Block Structure
Using Plastic Counter-Deforming Method
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ABSTRACT: The welding distortion of a hull structure in the shipbuilding industry is inevitable at each assembly stage. The geometric inaccuracy
caused by welding distortion tends to preclude the introduction of automation and mechanization and requires additional man-hours for adjustment
work during the following 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. The validity of
this prediction method must also be clarified through experiments. For the purpose of reducing the weld-induced bending deflection, this paper
proposes the plastic counter-deforming method (PCDM), which uses line heating as the optimum distortion control method. The validity of this
method was substantiated by a number of numerical simulations and actual measurements.
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Fig. 1 Dimension of Deck block model

Table 1 Deck block models

Size of deck .
- Stiffener Frame S i
Model Plate Stiffener space  space upporing
LxBxt h x ts condition
[mm]  [mm]
[mm] [mm]
DI 9000 x 5400 x 5
120 x 6 600 2980  Ground
D2 9000 x 5400 x 7
Table 2 Welding conditions
thgliiz,;s lel;leg%:l'l I Vv v Heat input
A mm/sec cal/mm|
b il Sy AT VI mm/sec] Qe /]
3.0 40 260 30 16.7 112
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(b) pre-heating at stiffener side
Fig. 2 Basic concept of PCDM
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Fig. 3 Deformed shape due to fillet welding for Model-D2
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Fig. 6 Simulation result of PCDM for Model-D2

30 — T T T T T T T T T T T T T
25 —o—fillet welding only (average numerical result : 2.1mm)
20 —Oo— pre-heating & post-welding (average numerical result : 0.0mm)
’E“ 151
E 1of
c
RO s N i N i N .o
[0 L
(a]
o ° 7]
£ 10 i
S -10F .
5 .. | I I I
m -15
20 -
-251 A
30 PR U SR N S R SR
0 300 600 900 1200 1500 1800 2100 2400
X (mm)

Fig. 7 Effect of application of PCDM for Model-D2

2700



90 FAPNRSY!

o] Ag adE Bof Fa 3loh Aol oshd, o 4d 1Ha
o] 29 DANA B = BAA Alo]o] ZANPES HAas
&t7] fEiME AE7FES o8 A IS HHe

& Aol oz A8sh= Zlo] At 71EHA FHAA vig-

Fejsthe A & 4 ok

N

o B b g

£ Follde A4 13 5o =9 TAlA B EE o
FA SHHIER] WA Abelo] AWMF S EHF 0 F AoF
F JE WY AoHA AL S o] 83 A4 G ol
St AE A8 AFS FYSHAL, oo tigk A8 ol s
M A8 718k

AN E S o] 88 A G HE oo BE FF W

o] ol & nlwaly] Ag &5 2 /FEE7-L Table 39l &

# ule} 2t} Table 4= o3 27 stelxe] A7tE A&

Fo| W #3 W EHs o T, 2AA 14y =y 1t

of wel Hlwdk AR

slck. Figure 8& H7b9 8o me % FAE 7
2 W@ goltk. Al g, WHe HE oA

ac)
i
o 4y

=V < A <A IR A (.
fu Lo
<
)

Table 3 Welding and line heating conditions

Welding conditions  Heating conditions

Yes or No of

application of  Welding Throat  Used  Heating
PCDM oSS thickness  fuel speed
P [mm] gas  [mm/min]

3.0 -
No FCAW 29 LPG -
31 -

29 1200

Yes FCAW 20 LPG 1000

Table 4 Measured bending deflections

Yes or . Bending deflection after
No of Hate Stiff. Frame completion of each work
. .. thickness space space
application [mm]  [mm] [mm)] [mm]
of PCDM Fitting Heating Welding
-01 - 32
No 7 600 2980 0.2 - 22
10 -01 - 11
5 01  -15 0.8
Yes 600 2980
7 02  -15 02

Design Variable : LxB=9000x5400mm
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Sub-assembly Stage
Fig. 8 Avreage bending deflection according to the plate

thickness for deck blocks

Table 5 Influence of PCDM

Suppqrﬁng Parameter Stage
condition Assembly PE
Bending Mean [mm] 11 1.0
deflection Max. value [mm] 25 5.0
(MM)  Nfin, value [mm] 1.0 20
Ground Assembly stage
[£ 2 mm]
Tolerance 2/13EA  1/17EA
P.E stage
[£ 4 mm]
Excess rate of tolerance [%] 15 6

(1) Design variable: Plate thickness 7 mm, stiffener space
600mm, frame space 2980 mm, L x B = 9000 x 5400 mm
(2) Line heating condition : Heating speed 1000 mm/min
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