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Development of Welding Distortion Control Method for Thin Panel Block Structure(I)
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Abstract

The welding distortion of a hull structure in the shipbuilding industry is inevitable at each assembly stage. This
geometric inaccuracy caused by the welding distortion tends to preclude the introduction of automation and mechanization
and needs the additional man-hours for the adjusting work at 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
which can explicitly account for the influence of various factors on the welding distortion. The validity of the
prediction method must be also clarified through experiments.

For the purpose of reducing the weld-induced bending deflection, this paper proposes the plastic counter-deforming
method (PCDM) using the line heating as the optimum distortion control method. The validity of this method has been
substantiated by a number of numerical simulations and actual measurements.
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Stiffener : hX t;=120x6mm
Fralme * hX t;=550%9+150 x15mm

B Plate : LxB=9000 x5400mm

Fig. 1 Dimension of deck block model

Table 1 Deck block models

Size of deck .
S Stiffener | Frame Suoporti
Model Plate ener space space ppo . e
LxBxt hxts (] - condition
[mm] [mm]
D1 9000x5400%5
120x6 600 2990 Ground
D2 9000x5400x7
Table 2 Welding conditions
Throat Leg Heat
thickness | length I \4 v input
tw f [A] [V] | [mm/sec] Q
[mm] [mm] [cal/mm]
30 40 260 30 16.7 112
| VIVIVIVIY
(a) Present back side heating
(b) Pre-heating at stiffener side
Fig. 2 Basic concept of PCDM
deformed shape original shape
ground
Flg 3 Deformed shape due to fillet welding for Model
-D2
KuglaieEi @t 2148 4%, 20034 8H
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95 —o—t= 5mm (average numerical results : 3.05mm)
~°t = 7mm (average measured results : 2.10mm

Bending deflection (mm)

0 300 600 900 1200 1500 1800 2100 2400 2700

x (mm)
Fig. 4 Bending deflection according
thickness for deck models

to the plate

10 T T T

9 —DO— average measured results
--O-- average numerical results

Bending deflection (mm)
[$2]
T
L

Fig. 5 Comparison of numerical results with measured
results

deformed shape original shape

1/ 1

/

ground

(a) pre-heating state

(b) post-welding state
Fig. 6 Simulation result of PCDM for Model-D2
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Table 4 Measured bending deflections

Bending deflection (mm)

-20F B Bending deflection after
-25F k Yes or No of Plate Stff. | Frame conpletion of each work
gl dmhaiﬁmofﬂuc}q]egssmcegpace [l
0 300 600 900 1200 1500 1800 2100 2400 2700 FCDM red | frreed | [
x (mm) Fitting | Heating | Welding
5 01 - 32
Fig. 7 Effect of application of PCDM for Model-D2
No 7 600 290 02 - 22
&N Bel F31 lem, Fig. 7& Mode-D2ol that 10 o | - | w
A7l - F4AMe A8 BRE Hol 71 ik 23} i} o [ 0 [ 15 | 08
es
o SJsid, A B s Y AN By 7 w | 15 |
= 1A Alole] ZAWES HAEE] YsiMe A4t Design variable : LxB=9000x5400mm
AL olgd 24 IR HH9) WA Aol Wt
o2 Agske Aol AR 71%H ZEAA v)$ F) N '
—0—t = 5mm
sithe AHEe o 5 Atk = o] e _
&
4. ¥3 Mool g 31} s of -
g
2 Zoxe A4 g E59 =9 dACA] LA E T 1
B GEAQ) SANE wAA Alole) ZpERe & > | _
HHoz Aod 5 JE WH Aoyl Artde o 2
} _ 3 - e m oL i
&3t A4 g dist AE A& HAFS 753 0
a1, o]l gk 28 aol| M= 8] 71s=siiTh » R S
}‘\_};31-7]_2.% o]%_?l_ _/_‘\_/Ké] Qjﬂlﬂﬁélg 7(_‘1]% o:]_‘?_oﬂ =2 Fitting Heating Welding
7Y WEgel Aolg vws] 9% 84 2 7192 Sub~ assembly stage
© Table 39 GAD ukel 2t} Table 4= o3 Fig. 8 Average bending deflection according to the
27 golAe] M7t AL o) mE 2 Wy plate thickness for deck blocks
g = ) 7vAxL zgel 74 B3k A
# 7, 1A H_ A 2 A wet vk 2 Table 5 Influence of PCDM
e, A7tE - &S A8 HAE & T A
Aglo] 7 AYL A Qo He 2oz B | Swoine Parameter Slage
condition Assembly PE
Table 3 Welding and line heating conditions Bending Mean [mm] Ll 10
deflection | Max. value [mml] 25 50
Yes or No of Welding conditions Heating conditions (mm) Min. value [mm] 10 20
application of Welding Throat Used Heating Ground Assembly stage
PCDM rocess thickness fuel speed Tolerance (2] 2/13 EA 1/17 EA
p [mm] gas [mm/min] PE stage ’
30 - [+4mm]
No FCAW 29 LPG ~ Excess rate of tolerance [%)] 15 6
31 _ (1) Design variable : Plate thickness 7mm, Stiffener space
20 1200 600mm, Frame space 2980mm, LxB=
Yes FCAW - LPG 9000x5400mm
30 1000 (2) Line heating condition : Heating speed 1000mm/min
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