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On the Weld-Induced Deformation Control of
Ship's Thin Plate Block (1)

Joo-Sung Lee’™ and Cheul-Ho Kim"

School of Naval Architecture & Ocean Engineering, University of Ulsan®
Shipbuilding & Ocean Research Institute, stx Shipbuilding Co., Ltd.”

Abstract

Although weld-induced deformation is inevitable in shipbuilding, it is important to reduce
it as low as possible during fabrication for a more efficient production of ships' blocks. The
weld—induced deformation is more serious in thin plates than in thick plates because heat
affect zone of thin plates is wider than that of thick plates, and in addition internal and
external constraints much more influence upon weld-induced deformation of thin plates.
This paper deals with the application of the mechanical tensioning method to butt weld of
thin plates to reduce the transverse and longitudinal deformation. In order to investigate the
quantitative effect of tensioning method upon the reduction of angular deformation and
shrinkage in longitudinal and transverse direction of weld line, butt welding test have been
carried out for several thin plate specimens with varying plate thickness and magnitude of
tensile load. Numerical simulation has been also carried out to compare the weld-induced
deformation and residual stress. From the present study, it has been found that the
tensioning method is very effective on reduction of weld-induced residual stress as well as
weld-induced deformation.

%Keywords: Distortion(®®), Longitudinal shrinkage(Z4+%%), Residual stress(&FSH),

Tension load(2!& 8t=), Tensioning method(Z &), Thin plate(gt &)
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Fig. 2 Location for deflection measurement
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Table 1 Welding condition
Thickness{mm) 4 5 8
Current | (A) 170 240 270
Voltage V{V) 22 24 26
Welding s.peed 210 380 380
v(imm/min)
Heat input 056.46 | 218.27 | 532.04
(cal/mm)
Process co2 c0o2 Cco2
Tip distance (mm) 10 10 10
No. of passes 1 1 2
Wire diameter i 0 i 0 12
(mm)
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Table 2 Maximum longitudinal bending
deformation to tensile stress
(a) t=4mm
Cocati
. ocation L1 L2 L3 |Average
Tensile st
0 MPa 16.92 | 11.10 | 14.19 | 14.07
5 MPa 13.67 | 9.26 | 10.10 | 11.01
10 MPa 12.36 1 7.90 | 7.23 | 9.16
15 MPa 11.05| 480 | 6.75 | 7.57
20 MPa 995 | 440 | 496 | 6.43
(b) t=bmm
Local
Location | 1o | 13 | Average
Tensile st
0 MPa 18.76 1 16.79 | 20.17 | 18.58
5 MPa 15.46 | 14.01 | 17.24 | 15.57
10 MPa 7.77 1 10.01 | 12.41}10.06
15 MPa 11.69 | 8.32 | 8.78 | 9.60
20 MPa 572 | 583 | 4.79 | 5.45
{c) t=6mm
Tocat
) ocation L1 L2 L3 |Average
Tensile s
0 MPa 15.13 | 15.37 | 13.52 | 14.67
5 MPa 7.2 7.03 | 8.34 | 7.52
10 MPa 475 | 403 | 425 | 4.34
15 MPa 3.36 | 3.38 | 2.44 | 3.06
20 MPa 2.87 | 3.09 | 213 | 2.70
5. =Xl ¥ A8 Z2 Hlw
AE et 2 STAER

HIBEMA D=8t
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(t=5mm)

) 0 MPa ) 5 MPa

) 10 MPa ) 15 MPa

} 20 MPa

Fig. 13 Change of
tensile stress

deformed shape to



pu

I

S

400

502

wRmoTB WM EORFES A § S gi Sw o= My W= 3
nogoaﬁm_a:w_@%wwﬂmﬂrﬂo_e xu_:w = %1 m.,__xc Rl < mwa, ke

|NO.1 NE |I.Ido.1 ._Ml.lil = ; .L.ﬂ __A
WEal e SRR wg s BOS® g8 &S wjﬂ =
[iTe) < . Y = s “—
wwmx_r__momm_#%g_aﬂo:wewc g = Ww TR =& Bo °y
i) o — o™ 0w oS ™ 0 hard 2o ¥ = 10 2
dRNEomm s8N m W5 . omY P X a8 g9
SEZYER_modERLe grnoed w @ HR O &¥a fgq TO
= Lo W S = 5 00 o . gz =S WE &,
wm .ol 2 o) ) KA =N = = F 7 00 = S =7 = nl )
BomSahfeh ulp 9§ L ¥ g2 f Sfcag 35f ¢
RIS ok - &b g F < g WF o M % S = w8
%?o_xxﬁcﬂaﬁ_vllw;%a& Ko m w WA d e el s &2
J@; HﬁTWo.NWlDDM._:i @____.mu_ . = = o .TrAﬂm.._pOqu ww._al. =
I Mata 35 dgmo HA=W R ITPy Yo N 8¢
B o) O T & e or % P S Rl o 5 5
T IRl _ gl K w0 gl MeswPT Bw g .o
W s Pgp w23 s on X0, SHdpln~YTidom S g
Pl Ego&a&%aa% &m_o____.%xm} TH o F L, _omE =) 5% 35
Worren - W oowe ot W w8 AT VBESIUHSUx 38
o m D o io sy Bl oo A DI g R By w82
Wy TR R O O I AR - MM s D &M 00 §rodks =B
F) = M0 <F&F AD M0 J) USRS A B . . . . . .

= o E

g B < 2 - W 4O T RIS ATHBWMES
£ o o ) o = =
£575 g z § £ — — b4 o3 =T
zEby . 2 Ma 5 2 mﬂﬂ%%ﬂﬁﬁmaém&go
Ll oo g « ZBE Y 8 o me®s~ Boyg  gXog i
2izg PR 15 =B woﬁ_vm;___mr_AMm P
: $3:s2 — W00 =r ., 1o — N5 . R
215} "1 g O N ®ord xS A 80U
_ ofi. jo) Wroww ol __ E QB o g T
€ 2 I BN R [
= = 0l El = < -z @ 2
5 € 5 %é@Mé%?é%MW%%%
- T s a;_m_ég@Ixo@_mPI.ﬂmMaxz&
3 ~ 2 ST =T - Tl RO o
2% O s EW R S
£ R e i R
8 RO o0l dazsh
« s 3 MH\DDnﬁnAAmoamuo:TW:____moaﬁa
»\T ._\\ - ~ 0 X 16 3 CRT B T A WD
A e d o S0 =W _ SR ool BE O
s 8 = o S g g g ° g 8 [ = O gy S X gy A
8 8§ =2 S = 8 8 = F F Y TP oo o) @d T RO
(edW) Ssails lenpisay {edW) ssalis [enpissy m ._Mu ﬁI :.: mv.u m OT |_|..M oE ..Mo 5.3 _xm __9- m.b

SIE-IPNR
2007 108

Jéla

=]

H442 W5

- Matsui, S., 1983, "Control of Weld Distortion in
Thin—-skin Welded Structure," 228



=]
3
ox
0
i
o

ot
v

é'
<0 F=4d> <&FE

Journal of SNAK, Vol. 44, No. 5, October 2007

503



