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ABSTRACT

The Study on Welding Deformation of T-Joint
with Welding Sequency Variation

Lee Jong Soon

Advisor : Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

The welding structure of the T-joint is 100% manual work by skilled welders
due to the complicated assembly structure during assembly.However, due to the
heat deformation, welding defect (marking pore), and finishing (sputter removal)

that occur during welding, The post-treatment process takes a lot of time.

This increase in labor costs not only reduces productivity and costs, but
also leads to worker evasion and deterioration of technology due to work
environment problems caused by fumes and noise generated during welding. And it
is becoming a major cause of the decline in corporate productivity.

In particular, in the present study, the body part inside the hybrid heating
furnace is applied to many welded parts in the production process, and thus the
productivity is affected by the increase in lead time due to thermal deformation
during welding. |'m hitting.
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Therefore, it is necessary to study the deformation control technology
according to the welding sequence when assembling the hybrid furnace.

Welding deformation is necessarily accompanied by welding heat source applied
locally when assembling the welding structure. This not only degrades the
performance and strength of the structure, but also becomes a major factor in
productivity reduction due to the modification and correction work according to
the dimensional change. In order to solve this problem, many attempts have been
made to reduce welding deformation through experiments such as reducing the
amount of heat input for welding or changing the shape of the structure, but it
requires a lot of time and money.

The domestic and foreign research reports on the reduction of welding
deformation during fillet welding are only to find out the reduction of welding
deformation due to the prevention of welding deformation and the low heat input
welding process.

Therefore, in this study, in order to derive the welding condition to minimize
the welding deformation of the T-joint, we tried to prepare a method to identify
and minimize the deformation characteristics by using the welding sequence as
the change factor.

In chapter 1, the research background, domestic and international trends and
objectives, and the composition of this paper Indicated.

In Chapter 2, In order to reduce and prevent welding deformation of T-joints,
we will consider the minimum thermal deformation condition by changing the
welding condition order. In order to investigate the effect on the weld
characteristics, plate SPHC 3.2t was used and the experiment was performed by
fillet welding. In addition, the deformation of the left, right, center side and
the vertical direction of the weld line according to the weld line direction of
welding change order CASE1, 2, 3 By deciding the deformation of the start,
center and end of each case in each direction, we found that the deformation was
minimized.

_VI_
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In Chapter 3, for the defect evaluation of welds, the deformation according to
the welding order change of T-joint is measured according to the S0 5817
standard, and the mechanical properties and non-destructive inspection are
carried out on the test specimen manufactured under the condition that
deformation can be minimized. |t was.

In Chapter 4, a summary and conclusion are drawn based on the weld integrity
assessment results. .

In this study, the deformation characteristics according to the welding sequence
change of the T-joint were investigated, and the conditions to minimize the
deformation were derived, and the following conclusions were obtained.

1) In case of case 1 of the existing welding sequence, that is, sequential
welding, the largest occurrence occurred at 1.78mm at the center of the welding,
and the facing direction welding in case3 was 1.52mm and Case2 occurred in
0.78mm order.

This confirmed that the case of the welding sequence of Case?2 was not
uniformly concentrated in the center, but rather uniformly distributed.

2) Welding sequence Case? is considered to have the least welding deformation,
which can reduce the deformation by more than 50%.
In order to evaluate the quality of welds, the visual inspection passed the
test of the bead test, which is difficult to meet 1SO 5817 standard test such as
finish, crack, crack, penetration, overlap.

3) The welding quality evaluation, mechanical properties and non-destructive
inspection of welds manufactured under the minimum deformation conditions
derived in 1) were confirmed to be within the required allowable ranges.

- VI -
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M 2 & 48 &H
2.1 A2 € S84
2 70N AIEANME B SPHCE AESHRCOH. SPHC= QIE AT gt
300~500Mpal0l M= 2l SH= =ICHgte! 3mmE S FOIALCH. Lt 2E 2A0I0H=
MC-50T(filler wire) 1nmE ALE35HACE.
= HAFAE o) 2o Co. EHIIZ 1mme Z2A DAHE A0IHE AESHY
OH, B3JtA= €0, 100%E ALEoIULCH. AIEEHZ2 SH 3.2mm, JtZ 500mm, Al
2 600mmOId =&TH= =0IJt 50mm, SH= 3mmOlH LE BHZRH 2
25mm ZO0{A SXEO T-SHHII 0SS &AL, SEZXHAe SHUM 26t
= EFXAHE2 EUZ 8F 170A, 8 22V, 0ISX5% 5.56mm/s & C02 Ot EE
S AACIRCH, ZEE 3.2m0IH &EH HHZIGIRUC. E¥ =M= 30t =
A(EEUAN AIEE=E &X8 88, E8Md8 ez LR Sg& gaoz 8
otz 22A4EE, 284S B2 Us0 Ut BE= 222 E&ote #24EE
= JAotUCH
Table.2.1 Welding condition

Parameter Value

Current 170A

Voltage 22V

Travel Speed 5.56mm/sec
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Table. 2.2 Visual imperfection estimation of arc—welded joints in steel

BT = 1) NE=8X (BEF) 7
(_7'5._9_/6]% Spec) fis =2 7 o d o o 4
Under Cut mm h < 0.05t, max 0.5mm
Excessive
) mm h < 1mm+0.1b, max 3mm
convexity QOAA}
Incorrect weld . 150
o a = 110 5817:2014
toe
Excessive Throat
] mm h < 1mm+0.15a, max 3mm
thickness
- 9 -
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Table 3.1 EF=A 830 OE SEH XHYSO HEY gt

ct 2
Pathi Path? Path3

(mm)

Casel | Case? | Case3 | Casel | Case? | Case3 | Casel | Case? | Case3

50 0.5 0.31 0.25 | 0.38 | 0.28 | 0.34 | 0.49 | 0.35 | 0.43

100 0.72 | 0.45 | 0.41 0.44 | 0.34 | 0.53 | 0.93 | 0.69 | 0.86

150 0.83 | 0.53 | 0.64 | 0.49 0.4 0.66 1.34 | 0.88 1.25

200 0.83 | 0.58 | 0.75 | 0.47 | 0.39 | 0.67 1.61 0.89 1.47

250 0.85 | 0.54 | 0.81 0.54 | 0.42 | 0.81 1.76 | 0.78 1.52

300 0.81 0.52 | 0.69 | 0.48 | 0.56 | 0.77 1.78 | 0.73 1.57

350 0.76 0.5 0.64 | 0.49 | 0.52 | 0.72 1.59 | 0.65 1.58

400 0.72 | 0.52 | 0.46 | 0.45 | 0.46 | 0.52 1.16 | 0.49 1.23

450 0.58 | 0.48 | 0.33 | 0.32 | 0.29 0.3 0.59 | 0.23 | 0.64
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Collection @ chosun
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Table 3.2 EF=A 83l OE SEH 2SO HEY gt
ct 2
Path4 Path5 Path6
(mm)
Casel | Case?2 | Case3 | Casel | Case? | Case3 | Casel | Case? | Case3
5 0.38 0.31 0.33 0.58 0.51 0.81 0.48 0.13 0.25
65 0.29 0.36 0.59 1.24 0.62 1.35 0.34 0.25 0.5
125 0.49 0.35 0.66 1.76 0.78 1.52 0.59 0.23 0.43
185 0.32 0.22 0.52 1.05 0.66 1.11 0.31 0.29 0.28
245 0.43 0.33 0.3 0.57 0.19 0.81 0.37 0.29 0.34
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Table .3.3 1S0 5817:2014 quality levels for imperfections

Collection @ chosun

[tem Type 1
GROOVE 0 /0 P E=1=]
(St Al 1S0 5817 2014)
Cross section 0" /0
h(mm) h < 0.05t, max 0.5mm NONE
Undercut
Level (B]
Excessive h(mm) h < 1mm+0. 1b, max 3mm NONE
convexity Level [B]
Incor rect h(mm) a = 110 NONE
weld toe Level (8]
Excessive | h(mmn) | h < 1mm+0.15a, max 3mm NONE
Throat
thickness Level 8]
- 22 -
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3.2.3 3 A&

Fig. 3.42 S&20 Ut A= Datallll. AEZAIlE22&= 010|122 HIAH
A BEHE AMEGSHH o= 10gf ~ 2KgfE HE06IH AAGIFRCH, SAHRX
= Mg EE8R2 SUR0 sz SHOIUL.

EHRO Table.3.45 AHEMH A2 SAR0A = X0l 176HVE LIEL
= HE 2 = UL

=XMAY TR0 172.4HVI0F UM JI=0 &= 2E AUl

Table. 3.3 Hardness Distribution Data
NO Mask | Xeads | V-axis Force | Horizontal length | Vertical length | Average length | HardnessHV)
1 0 0 | HVO.3R.942N) 57.68 5504 56.36 175
2 0 0 | HVO.3R.942N) 56.53 59.26 519 166
3 0 0 | HVO.3R.942N) 57.88 5715 57.51 168
4 0 0 | HVO.3R.942N) 56.34 5.00 56.17 176
5 0 0 | HVO.3R.942N) 5730 5504 56.17 176
Maximum value 176
Minimum value 166
Average 1724
Standard deviation 493
Variation coefficient 286

Collection @ chosun
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3.2.4 H|Im1 &AL

HARIEAIE (Liquid Peneternt Testing)
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Penetrant(Front View)

Penetrant (Back View)

Fig. 3.4 Liquid Penetrant Testing

{“/Collection @ chosun
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