27| A7FE B A, A 17, A4E, pp.169~176(2018.08) ISSN 1598-6721(Print)

Journal of the Korean Society of Manufacturing Process Engineers, Vol. 17, No. 4, pp.169~176(2018.08) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2018.17.4.169

X8 7l e 7k = ST goll UAoIM RetAHE
0|88 ZHd¥E a4

ALK ** #
k4, HijZted
MEhstn J[A S, TdgnEv|ststy HtERHAZ S

Analysis of Angular Deformation in Multi-pass Butt Joint

Welding of Thick Plates with X-shape Grooves using the Finite

Element Method

Young-Soo Yang*, Kang-Yul Bac

“Depar tment of Mechanical Engineering, CN UNIV., “Department of Mechatronics Engineering, GNUST

(Received 27 March 2018; received in revised form 11 May 2018; accepted 17 May 2018)

ABSTRACT

Removal of angular deformation induced during the welding of butt joints in thick steel plates needs expert
skill and is costly. To reduce deformation, proper joint designs are studied with a prediction of deformation
prior to welding. However, as the thickness of a plate increases, a predictive analysis of the welding process

is more difficult, especially if there is an increase in the number of welding passes in the joint.

In this study, a numerical model with the finite element method (FEM) was developed to analyze the
angular deformation in the multi-pass welding of butt joints of plates made of AH32 steel that had a
thickness of up to 100 mm. A series of numerical simulations were then performed based on the developed
model to predict the deformations for thick plates. With the results obtained by the analyses, this study
suggested optimal X-shape grooves for the butt joints of thick plates to minimize the angular deformation. As
the thickness of the plate increased to 100 mm, the ratio of the depth of the front-side groove to that of the

back-side groove should be gradually increased to nearly 1:3.

Key Words : Multi-pass Welding(CHS &%), Angular Deformation(Zf£#18l), X-shape Groove(X& 7HAM),

Thermo-elasto-plastic Analysis(2 E=A 3| A1), Groove Design(ZH 4 H))
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Table 1 Depth and angle ratios of the X shape
groove for plate of each thickness used in
the analysis

Thick No. of passes| Front-side Front-side
ness on front side | depth vs. angle vs. DePth Angle
*| wvs. that on Back-side Back-side ratio ratio
M back side depth, mm | angle, deg
5:2 27 : 13 60 : 45 2:1|1:0.75
3:3 20 : 20 60 : 45 1:1]1:0.75
40 2:4 13 : 27 60 : 45 1:2(1:075
2:5 13 : 27 45 1 60 1:21075:1
3:6 20 : 40 60 : 45 1:2|1:0.75
60 3:7 15 : 45 60 : 45 1:3(1:075
3:8 20 : 40 45 1 60 1:21075:1
5:10 27 : 53 60 : 45 1:2(1:075
80 3:13 20 : 60 60 : 45 1:3(1:075
4:14 27 : 53 45 : 60 1:21075:1
6 :16 33 : 67 60 : 45 1:2(1:075
100 4:19 25 75 60 : 45 1:3(1:075
521 33 : 67 45 : 60 1:2075:1

Table 2 Welding parameters for each thickness of
thick plate in the analysis

Thick .. Current, | Voltage, Speed,
ness, Position Process .
A \' cm/min
mm
Istpass on | poaw | 250 32 32
front side
1st pass on
AW 2 41
40 back side S 728 30
Fill pass SAW 723 31 38
Cap pass SAW 683 33 40
Istpass on | gy |35 29 36
front side
60 ~ 1st pass on
AW 2 40
100 back side S 760 3
Fill pass SAW 723 32 40
Cap pass SAW 700 32 37

it

2.728
1.534
1,433
1.332
1,231
1.130
1,029
928
827
726
625
524
423
322
221
120
20

Fig. 4 Temperature contours on the solution domain
during welding on the groove with the depth
ratio of 1 : 2 in a 40 mm- thickness plate
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