o

X ez =28 Journal of the Society of Naval Architects of Korea
H403 Hi2s 2003E 43

Vol. 40, No. 2, pp. 49-56, April 2003

L3 SHHEM e 240l ol 2& Jfe

+ *
24
HSEMNS(F) deHYREATE"

Development of Simple Prediction Model for Fillet Welding Deformation
Sang-Il Kim*
Ship & Marine Structure R&D Team, Daewoo Shipbuilding & Marine Engineering Co., Ltd.”
Abstract

The welding deformation of a hull structure in the shipbuilding industry is inevitable at
each assembly stage. The geometric inaccuracy caused by the welding deformarion 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 accurateprediction method which can explicitly account for the influence of
various factors on the welding deformation. The validity of the prediction method must be
also clarified through experiments.

This paper is amed at deriving the simple prediction model for fillet welding
deformations. For this purpose, the thermal elasto-plastic analysis varying the welding
conditions and plate thickness has been performed. On the basis of numerical results, the
formulae for angular distortion and transverse shrinkage have been derived through the
regression analysis. Experimental work has been also carried out to clarify the validity of
numerical results. It has been found that the numerical results show a good agreement with
those of experiments
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stiffener : 100X15mm FB

plate : LXB = 300X300mm

Fig. 1 Dimension of fillet welding mode!

Fig. 2 Finite element model for Model-F5

Table 1 Welding conditions

Heat Heat
t I \% v Input Input
Model e | o | 0 | (mmvsee) Q Parameter
(cal/mm) | p = Qit'®
Fl ; |20l ® 78 2145 116
F2 290 | 30 58 357.9 193
F3 s 260 30 67 280.8 124
F4 280 | 32 58 368.6 163
F5 13 [ 280 | 32 6.7 322.6 69
F6 R 6.7 2095 52
F7 270 | 32 58 3555 6.1
¥8 260 | 32 6.7 2995 39
F9 18 [ 280] 32 6.7 3226 42
F10 270 | 32 5.8 3555 47
0, EYZAHE Table 10l SHE HiQ+ ZLCL 0]
11}

o EHXAHL 4~45mme U= Q= B
X0, AI2E STEUHES FCAW(flux cored
arc welding)0l1d, ALZE JHE2&E H20|C

2 EHUlMN= Table 10 U= Model-F501 CHEt
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Table 2 Comparison of numerical result with
experimental result

Experimental | Numerical
Model Results Results Ratio = Exp./Num.
(x10 rad) | (x10 *rad)
F1 2.210 1.790 1.235
F2 1.585 1.421 1.115
F3 2.255 1.819 1.240
F4 1.965 1.672 1.175
F5 1.750 1.613 1.085
F6 1.245 1.195 1.042
F7 1.365 1.428 0.956
F8 0.830 0.847 0.930
F9 0.935 0.961 0.973
F10 0.915 1.054 0.868
Exp. : Experimental Result, Num. : Numerical Result
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Table 3 Welding deformations by numerical
simulation

Angular Distortion | Trangverse Shrinkage
Model @ y s

(<107rad) (mm)
F1 1.790 0.238
F2 1.421 0.492
F3 1.819 0.320
F4 1.672 0.458
F5 1.613 0.302
F6 1.195 0.244
F7 1.428 0.298
F8 0.847 0.200
F9 0.961 0.228
F10 1.054 0.252

SUA oIadgE Nefotkl K=, =
NE 012 HEE 2=tob|

ol Aol 2= E8AHE ot 2HE =3
£ STIRALT

2 ofld 22| V= Fig. 10 2OE Higt
fOMH, 0l Mo BEXAES Table 101l SHE Hi

.

2t ZCh Table 32 AN E+=FHEU e
FXois BAE 20 =10 YCH, 08 U=
15 23 28 A9 210! Gis Qa0 SZHE
FHAZ FA2AE Soll Rol EH ofzHel Al
o ZLh

¢,=1.243 - p"** - exp(—0.165p)
(x10 "3 7ad) (2)

% =0.330p (<10~ *mm/ mm) @)

O, ¢, 2# & (rad)
s @ BAEEEE(mm)

P:_Q_ A
A5 Y A
Q=0.239"" : gazoy g2z

{cal/mm)

Journal of SNAK, Vol. 40, No. 2, April 2003



RCOKF o5
Al R 3%
i B3 B 8
5 4 & M 3 gw%%aggg@mﬁ%
— e 5T L o] &2 F o= < T # ]
+ SE4 @ ts <5
(N WS B R ar_@mﬁa m%%@xﬂ%@ﬂmﬁm
3 ggﬂm_;mlu;__ﬁu BEBs w.#am_waoﬁ_zﬂgoo_ﬁww%
8 Eo S ko= _l|_= S it ﬂm=_| wr_._moﬂ__o
9 2 __omﬁ%_:_a%m o WOTF%% Eo_amgo%%mWAE%#
g ﬂlcme = [N S g&ﬁa:__m_aom___a_%o_e
C S % ) o0 mu ma 8= DomB e ° M e 8 _ mw AR
g = 2 m g N E_l,L.ia: S 0 =N oamaAm.._wn
e 2 3 E@EM%&QM WET 5 M%ﬂwmao_:ﬁ%mamﬁ_m
. o O a0 = 0l _, ° no_ B =T o
. e o_:aaogmﬂur oK A O Bl WD =g &
ST oKy © =S EN g D
e 5 € moyma%_plmﬁ_m ne%momﬁ,_m_w ;__EMWMMM&EU%WW%
. 9 E Ko 2B oy © S a D= = ThEwe S o
ﬁ L = %&%a_mprw_ m;_w_a@m_____ WIN&%AT@fuaégaMﬁ
2o Z P A B I R 5l ®
i1 Wl 5§ Wm_xM__%%MITAO Woam T E@Eﬁwmgo_:o_a%o
mw mm B 3 J_mf.%mlq ?wamaoﬂ M m s N
.| S g =2 X % 2 F B Hom B .
e e o 3 mAM_M EEEMEMWM a¢w_0 g -
ws7.”un._~9xv_e om w:o._._m}”tmawp 0 E._Mgl}l_ﬂmmM
5 1mi__m/H$¢ =)
23 "AxtTs 2
L o 3
@]
< = 58 a
N Bl & 3l o
- W__&xawmvm_.,ﬁ# o
ppraa=s 5ELso550 : b £
%%%E%%% 3________“_mmMm___mAwo_=_ S . £ 83
LA __amA:Tm__amWE = SN
Ddg0 oy mgfggmuA T . B ¢ .28 ° 8
" %@Mrire =S = 1'%° " Zc®
o 5 o qi RO %0 w2 o U s | Jis & 9 £
= Rl —~ ) < & fall s w0 I oon & ] 12°8 i c @
- 5 KD I TR m_ﬂ__alﬂm__;e ; o (1] " £35°¢
i g %___f__|awl__5 MTTQWAEMDQZ_E S i S 2
2 WS [ 1 1 e 5 E £
K s Ez ﬂm;xmjﬁm_ %ﬂmn___z_x_iaﬁ_ G S mmw
= = E K aE_E xE_.C._aoRM ll_ll,.ll-mndl mw C aj et de o m11AEE\EE~9me c
- I E NSﬂ Ol 70 & ﬂxa(OT% Bz I o o
ogulg Sm¥ ey g " S~ za R T e e
Y K A.__. Yo S E__._._ B ol 2 ~J b -3
-n Uk o_._9.r_|| H 2 n/_uNﬂD I T 5
o) ._.Lﬂlxuxr \Q)u1__o.___A...A.mo_nw Dﬁg(wmﬂaur._mﬂm__s L o
- Swa (:_O%Afﬂfm:ﬂ %m&mw%gg
3 UL > ey L) ol - 3 —
B>~ mMHgﬂﬁﬂ ggma@wmmu
o = i T g ol
o AmMUéﬂé&Fém}ﬂ1a
oo < W_a_. o3 <F o <
o =
= (]

2003 49

3

S==% HM40A M2

K&t

Uerxd



56

2
> (i
4 [
N =2
Me =
L x
o =
ug e
I'E rU 0.
> S
5
%h 2 2
ﬂl: Jp I
w o
e e
> 10 1 o
by oo
X2 o

OIEE OIE0IH, O12) =&
0IAM AISote SZ2Y 8
EL22 UZY H+E HEFGIH E

A8 REollsE 82 & = UL

C:

o Mo =
~

sk

19
g o

g 1 2 8

Fujita, Y. and Nomoto, T., 1972, Studies on
thermal elasto—plastic problems(1st
report), Journal of the Society of Naval
Architects of Japan, Vol. 130, pp.183-191

SIXNESI=Ed, N273A, W43, pp.43-50
Ueda, Y. et al.,, 1992, Simulation of welding
deformation for accurate ship assembling(1st
report), Journal of the Society of Naval
Architects of Japan, Vol. 171, pp.395-404
HESF, ASY, 1994, B L9 BHE oS

Of et ¢4, tietxdetsl=24, 31, H3
5

0y
0z
e
3 A
(o]
©
x
-J
A
10
)
i8]
e
ogh
é
e
1%
=

21
©

>

g

0;

TEE, 01EH, 2000, & S52 2IE o
= 2 HOE Fst &85, HetZRdss=28,

H37H, H2Z, pp.127-136

Kim, S.I., Kang, JK. and Han, J.M., 2002,
Development of welding deformation control
method for hull structure of Ro/Ro
passenger  ferry Proceedings  of
ISOPE-2002, pp.314-320

Watanabe, M. and Satoh, K., 1956, Control
of angular distortions due
conditions in T-fillet welding joints—shrinkage
distortion in welded joints(2nd report)—,
Journal of the Japanese Welding Society,
Vol. 25, No. 6, pp.343-348
Satoh, K. and Terasaki, T.,
welding conditions  on
distributions and welding deformations in
welded structural materials, Journal of the
Japanese Welding Society, Vol. 45, No. 1,
pp.42-53

to  welding

1976, Effect of

residual  stress

Journal of SNAK, Vol. 40, No. 2, April 2003



