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ABSTRACT

Simulation based study on jig free in—situ control of welding

induced out of plane deformation

Jong-heon Hong
Advisor : Prof. Sung-min Joo, Ph.D.

Department of Welding and Joining Science

Engineering,

Graduate School of Chosun University

Welding residual stress and deformation cause various problems in the
fabrication of welded structures. Welding residual stresses reduce the fatigue
strength of the welded structure and facilitate the development of brittle
cracks and stress corrosion cracks, and welding deformation may damage the
appearance of the welded structure or cause a mismatch of the joints in the
assembly process

To mitigate the residual stress and deformation that occurs in the welding
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process, many conventional welding processes are designed to minimize the heat
input of the welded structure and have used a process of applying heat load and
mechanical force. However, the pre and post welding process for correcting
welding deformation and residual stress is costly and time consuming.

In order to solve the problem, this study applied jig free in-situ control
technique. Al15083-0, which has three times higher heat conductivity than iron
and twice the thermal expansion coefficient of iron, was selected. Cooling
temperature (Temp), the radius (R) of the cooling heat source and Standoff
Distance (SOD) between the welding heat source and the cooling heat source were
set as variables. Out of plane deformation, residual stress, and temperature
distribution are observed through numerical analysis and then Bead On Plate
(BOP) welding and Heat sink welding (HSW) were compared.

BOP welding occurred 6.557mm deformation, but the HSW was 0.857mm at SOD =
10mm, R = 6mm, temp = -56.6 C. By applying HSW, the deformation was reduced by
86.92%. HSW showed less deformation as SOD was smaller. From SOD = 30mm or more,
application of cooling heat source tends to intensify weld deformation. As the
SOD was lowered, the tensile residual stress decreased and then changed to the
compressive residual stress. As the lower cooling temperature was applied, it
changed from tensile residual stress to compressive residual stress.

It is possible to control the welding residual stress and deformation through
the finite element analysis using jig free in-situ control technique of welding
induced out of plane deformation in AI5083-0 thin plate welding. Using jig free

in—situ control technigue is expected to increase the fatigue strength of

Collection @ chosun



welded structures. |In addition, it is expected that it will improve
productivity and lower the production cost because it does not perform pre and

post-treatment after welding.
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3.3 Heat sink welding(HSW) oli& @24

2CZ2 MHEGIYUCH. Fig 3.301A Standoff Distance (SOD)= o 2& IR M2t
2o A0l 0lHAHEIE LIEHW=E S00I0H, dWHW2g@d ZE2 JIR2AIF 2XE

JbXIY PavelicOl 1otet HRAEE &= A(3.3)8 HESIQACH. [21] ZASE

HIIMS JI=e 882 st &0,

Theat shine = M(Ts = Ta)

Qheatsink - Neat sink flux

h: flux of local covective heat transfer coefficient

T,: local ambient temperature of heat sink area

H @ local convective heat transfer coefficient of heat sink area
x,y . distance from the heat sink center

r . distance from the heat sink center
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T H2AR2E ol Hel WA AR BHY HE
HS temp(C) SO0 (mm) R (mm) (mm)
8 -56.6 20 18 2.395
9 -56.6 30 3 6.306
10 -56.6 30 6 7.028
11 -56.6 30 9 7.044
12 -56.6 30 12 7.157
13 -56.6 30 15 7.255
14 -56.6 30 18 7.271
15 -56.6 30 21 7.161
16 -56.6 30 24 6.873
17 -56.6 30 27 6.55
18 -56.6 40 3 7.82
19 -56.6 40 6 7.8
20 -56.6 40 9 7.837
21 -56.6 40 12 7.894
22 -56.6 40 15 7.989
23 -56.6 40 18 8.109
24 -56.6 40 21 8.234
25 -56.6 40 24 8.3
26 -56.6 40 27 8.304
27 -56.6 40 30 8. 191
28 -56.6 40 33 8.058
29 -56.6 40 36 7.861
30 -40 10 3 2.3425
31 -40 10 6 0.9112
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T H2AR2E ol Hel WA AR BHY HE

HS temp(C) SO0 (mm) R (mm) (mm)
32 -40 20 3 5.876
33 -40 20 6 5.81
34 -40 20 9 5.521
35 -40 20 12 4,986
36 40 20 15 4.031
37 -40 20 18 2.1564
38 -30 10 3 2.3856
39 -30 10 6 0.9358
40 -30 20 3 5.821
41 -30 20 6 5.819
42 -30 20 9 5.562
43 -30 20 12 5.021
44 -30 20 15 4.0167
45 -30 20 18 5.562
46 -20 10 3 2.498
47 -20 10 6 0.9236
48 -20 20 3 5.728
49 -20 20 6 5.7192
50 -20 20 9 5.038
51 -20 20 12 5.9039
52 -20 20 15 3.5751
53 -20 20 18 2.469
54 -10 10 3 1.67
55 -10 10 6 0.8766
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T H2AR2E ol Hel WA AR BHY HE
HS temp(C) SO0 (mm) R (mm) (mm)

56 -10 20 3 5.571
57 -10 20 6 5.826
58 -10 20 9 5.625
59 -10 20 12 4,586
60 -10 20 15 3.805
61 -10 20 18 2.5231
62 1 10 3 2.571
63 1 10 6 0.8183
64 1 20 3 5.622
65 1 20 6 5.818
66 1 20 9 5.65
67 1 20 12 5.12
68 1 20 15 4.082
69 1 20 18 2.536
70 10 10 3 2.6296
71 10 10 6 0.7653
72 10 20 3 1.9855
73 10 20 6 5.8

74 10 20 9 5.664
75 10 20 12 5.135
76 10 20 15 4.174
7 10 20 18 2.54
78 20 10 3 2.6873
79 20 10 6 0.7018
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T H2AR2E ol Hel WA AR BHY HE
HS temp(C) SO0 (mm) R (mm) (mm)

80 20 20 3 5.844
81 20 20 6 5.765
82 20 20 9 5.668
83 20 20 12 5.137
84 20 20 15 3.819
85 20 20 18 2.512
86 100 10 3 3.605
87 100 10 6 0.2902
88 100 20 3 5.8

89 100 20 6 5.262
90 100 20 9 5.256
91 100 20 12 4,337
92 100 20 15 3.687
93 100 20 18 3.064

Collection @ chosun

Table 4.1 Heat sink welding a4 X2 ™

36

g

g



4.2 BOP2t HSW2l 2501= dlw

BOP 2t

tOd

110

010

o

0

HI
xr
s
<
o
i0J

OF

U
Kl
an
<0
RO

3+ I

HIAM=

S|
=

=
[—

(V) 10V,

&

100A,

H=(1)

20l 200mmOICt.

50mm,

e
=

2mm,

HSW=S & Oll A 2

Ju
AK

]I
IH

AULCH.

s}
Rr

i
<k
o0
o
Jalll

gl

o

=8

100C4

-56°C 0l A

0l
RO

RO
KIr

11

o0

I

e

b

S
fmetd

b

A,

PavelicOl

=
=

OlcHel Fig 2 Table

ot

KIr

03
H

=
1o

imi

| 250182 Hl

10mm, Radius=6mm)2l

H BOP2t HSW(-56.6 C, SOD

0

==
=]

z)

2
=

ol =

F

[

HWZ2 & 6= 0l A
[m]

BOP 2t

(Ckct

NAE = BHEH HWSEUHAM= 0.4
37

BOP

—

—

AL Gl

(== |

7E AHOIOI 250t
Ly Dt

Collection @ chosun



Temperature(°C

900
800
T

700

600

—e— Temperature (BOP)

—=— Temperature HSW(SOD=10,R=6)

Time

Fig 4.1 BOP2t HWS| 250/

TIME Temperature TIME Temperature
(sec) (BOP) (sec) (BOP)
5 34.991 7.4 195.048
6 89.403 7.5 48.633
6.5 231.55 7.6 -18.853
6.6 305. 136 7.7 -43.624
6.7 412.724 7.8 -51.616
6.8 562.681 7.9 -54.318
6.9 715.296 8 -55.320
7 795.392 9 -14.546
7.1 755.967 10 10.457
7.2 620.609 11 19.74
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Residual stress(Mpa)
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Residual stress(Mpa)
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