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A study on the estimate of the angular distortion for
a fillet weldment
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Abstract

Welding distortion is more serious problem than any other problems caused by welding
process, especially, in the heavy-industrial place. These welding distortions are caused by
nonuniform heating and cooling of metal during and after welding operations. And these
distortion quantities are must be known to worker in production line because distortions are
important role in assembling part. Therefore an analytical model to explain and predict the
welding distortion are needed. A numerical analysis of welding distortion which is inelastic
behavior of weldment would require the three dimensional calculation. But computing time and
memory would be very large, and the resulting cost might be unacceptable.

Therefore we use a numerical technique for two dimensional analysis in the section normal to
the weld direction of weldment under an assumption of quasi-stationary conditions. But the
result of the calculation under two dimensional (plane strain)assumption was not satisfied as
compared with experimental result.

This paper proposed a technique for analysing the welding angular distortion by using a
constraint boundary condition on the two dimensional finite element model. The simulation
results revealed that the constraint boundary model could more reasonably describe the welding
distortion than the plane strain model did.
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in 2-dimensional FEM analysis (B point)

Fig. 88 A4 Axe 71494 stdez Age] ¢
ol gto] WmgtH YA 5L Feak
A7 stk AYH {F3a 4 Ao} & zpolrt
e A2 7hERA e WA o)st W Lol
27 g2 Mzt A% Fig 84
ol AA Jehd o] f& Fig. 9o A oh-&3 Zol
ol g 4 Ut &Aool WHgoeR JHE zone
D, EZ 5o AZ3td, $HEX 7} zone DE A
Uz o 2448 B A e /193 P o= o
dojtc}, 23U zone Ex HAEHE A5t
Qen= Zone D7 WAEHA KIEH FE5EH
"l 222 E Fig 8olA 3o o8 dldow
A A o] un) s A YEa Q1T

Fig. 9l A SHEX I CHE A& A3to)
40sec °]t}. 2¥ ) Fig. 8% HYH 40sec oA = o]
v £&o] gEHT &S & 5 Uk oA C
q Fe 87 S A3 o) zone DAA W
Ztell 3t oz & Fo| L3t o] Azt

REEEHREIE F15% 45k, 19974 8H

67

CHAH 4u
% % k.

—

0 50 100 t50 200 250 300 350 400 450 500 550 600

oz 2gol Aojuba g

o

Distortion {mm)
N B D SN W AN "D

Time (sec)

Fig. 8 Angular distortion history at 3rd pass welding

in experiment (B point)

..................

L

Fig. 9 Schematic diagram of 3-dimensional plate
welding

4

—

5. #

1

HAH=7?

2 FEaL AN AGRol 4BE Aol
etz eng 428 si47ge] a7
339 AN S B BAE 29 HAY = o
U AR AFEY 39 2] Axe] 8T
A ofelgel Utk D B AFolME 23
CEEEREES EEE R EX TS
At

23140 SA A EAH L 7HGA] Ao ol A
Folth, & A §49 A% A BFPo| &
e Aol 94 §HE o) A Yol
TP %5——% FH3A HEE Fig 10() 9% 2
of Fldstt ol FRET y Y WS
FEeE AAZDE KASD, Aol AN

293



68

2 BT AFVHE 20 THo) AR ¢
2ol 23Hd AAZAC] Bk AA ool A A
97 e Pio| HaY HNFAL T 9
£ 2198 A3, PE IARDL HePoH
A4 Ao ARAL B S SR @ ol

j;ﬁ%;i
[ m
2 2 & >

(a) during heating

(b} dunrig cooling

Fig. 10 Constraint 2-dimensional boundary
condition

6. 2z & 1H

T& AAZAE o] &% 4 A3} Fig 1179
Fig. 120 Yl ik, A28 AAZAE o] &3
A dEgd vwdte F dAH2 A&
S A% ¢ Uth F, 239 AHd A 48T 2
o] Yehx e 7 & UL Mg A e
T&£3 e ARG S ¢ o 2yEE Fue
Ay e N2 AAZRAY 2314 ¥ o=
ZE3 UEY WS A3 5 d& 5 U

Fig. 113} Fig. 12 4th pass 4% 35 73
< Uehd groZ e A7 23 HAL AL
AAdsEY Aot AT F AT e T
Z7¢ 93 NZE Fea s i) 433 A
& <+ Uk

P9 L£HA adge AHe FAE ¥
o wal 7] v@ e FA F25 et
g go] Frs, FAL 4o Es FA F
7tell whe} 2 Wy Fo] ZAFE & 5 AU B
Aol ALEE AR FA4 9 99 (15-25mm) ol A
e FA F7)ol wel Zhay o] doEn 9Le
o = g

7.2 B
FAZE g 47kx1e] Y &3 Al di3 &

428 A 81 F WAREAA ] guyy

294

F5 - oA - AL 25Y

[
-

A point

— [
o <>

-
~

Distortion (mm})

:'\\
WL
e | \\rf‘\f‘-‘ somsirains

v
Experimental

o

-
o}

q}:.\l {2-dim.)

o

15 18 21 25

Thickness (mm)

&

. 11 Comparison of the experimental and FEM
data for each thickness (A point)

[N
P

L

'\
B > - constraim

o FEM
\\:‘ 2.Dim. 8.C°

Experimentsl

Distortion (mm)
] & S

-]
o

¢]

FEM (2-dim.)

=]

15 18 21 25
Thickness (mm)

Fig. 12 Comparison of the experimental and FEM
data for each thickness (B poirit)

£ 22 Y] frEa s A4S B,
HAAHE A Ao zHE 9L AFHe) v
st the i 2o 2ES Uk

1 FA7F 9& 47k (15mm, 18mm, 21mm,
25mm) Foll N &N A= AP F A7)
A EHY FAZL ke A UBdEE ¢ F A
At

(2 $4% HdA ) B o3 FE A2
& 74 3AZAL Ao FWYF AN @
A%, 4YozE 9L AT ANYR) Ans}
A9 9 sheieh.

Journal of KWS, Vol. 15, No. 4, August, 1997



ol N 2 HEF A

#az

fa)

o

AN

ful

1]
Rl
o

. Koichi Masubuchi, Analysis of Welded Struc-
tures, Pergamon Press, 1980

. T AW, TRRINS GBI RIRES A >
~OBAT, (BR) HIEE BRI,
1995

. P.Tekriwal and J. Mazumder, “Finite Element
Analysis of Three-Dimensional Transient Heat

RBEHREELE F15% B4R, 19974 8A

69

Transfer in GMA Welding", Welding Journal,
July. 1988, pp. 150-s~156-s

. Rosenthal. D, “Mathematical Theory of Heat

Distribution during Welding and Cutting”,
Welding Journal, 20(5), May. 1941, pp. 220-
s~234-s

. Hibbitt, Karlsson & Sorensen Inc., ABAQUS

User Manual, 1992

. Metal Handbook, American Society for Metals,

Metal Park, Ohio, Vol. 1, 10th edition, 1978

295



