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MIG Welding Process Optimization of X80 Pipeline Steel
Based on Orthogonal Test

HOU Yang!, LI Xuezhi', ZHOU Jianping', WANG Kedian'>

(1. College of Mechanical Engineering, Xingiang University, Urumgi Xingiang 830047, China;
2. College of Mechanical Engineering, Xi’an Jiaotong University, Xi’an Shanzi 710049, China)

Abstract : In order to optimize the process parameters of MIG welding of X80 pipeline steel, four process
parameters of arc voltage, welding current, welding speed and groove clearance in MIG welding process were
carried out orthogonal test. Taking the peak stress of welded joint as the evaluation index, the optimum process
parameters were obtained by using the range analysis method. With the help of ANSYS software, the distribution
of welding stress at the joint was obtained by numerical simulation of the optimal process parameters. The results
show that the range analysis method can effectively obtain the optimal process parameters, and the welding speed is
the main factor affecting the peak stress at the joint, followed by arc voltage, welding current and groove clearance.
The results provide the guidance for optimizing the welding process of X80 pipeline steel and reducing the welding
residual stress effectively.
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Tab 1 Factor level of MIG welding process parameters

7K SRR (V /mm-s™ ) HIE & (U/V) ST (T /A) I CAEIBR (L /mm)

1 5 17 145 2
2 10 23 154 3
15 35 162 4

TERZACERME Z )5, TP 2 —ACE IR R IESE R, BRTH L, (31) IEACRIT G EOR , Wk
PRPE | LA | K2 v AN T ] O PR B AR YCTE L (3*) R Y52 . 3. 4, 551 B 1 RSB IR Ly (34) 1E
SEREORIEA , AT AR 3IE2, g R 28 Um 11T
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Tab 2 Orthogonal test design of MIG welding process parameters
' JEREEE (V /mm-s™ ) A (U /V) JRBEHLR(1/A) P AR (L /mm)

1 5 17 145 2
2 5 23 154 3
3 5 35 162 4
4 10 17 154 4
5 10 23 162 2
6 10 35 145 3
7 15 17 162 3
8 15 23 145 4
9 15 35 154 2

1.3 HIRTEBET
AT A UG B0 B R TR g P RS TED | FE 7 250 mm x 100 mmx 5 mm R | TR
1 BRHE FHSOLID 70/ = 48 Hr ot , A4 1305 Bl HISOLIDAS S5 #4 BT ). g ST YR E-N ik & 47,
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mm , FrEBRAE 1R,
TR AR — R T ) 2 ) A PR A
R TSR AR IR L R AR SO A Y B R
AL RE AL, B SCHR[6] AT 3K 20~1 200 °C _
PR SR, 3T | S H0m o e A Fig 1 Finite element model mesh division
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Tab 3 Thermal and physical properties of X80 pipeline steel

T HeHES W SRR JERGRE R
T/°C c/(J-kg™tC™h p/(g+ cm™3) E/GPa o/MPa A (W - m™tC™h)
20 423 7.81 210 641 54.42
100 476 7.79 207 623 54.01
200 536 777 204 597 52.75
400 662 7.72 187.5 550 47.71
800 914 7.61 118.6 100 27.55
1200 1160 7.50 395 15 40

1.4 RBEABEROFREN
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Fig 2 The weld morphologies obtained by orthogonal test
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Tab 4 Range analysis table

i AN PEMNFE IR
pnv sy
TPEERE (V/mm-s™")  HINEE (U/V)  BHERE (I/A)  JEOEPB(L/mm) B HEE (6 /MPa)

1 5 17 145 2 553.4
2 5 23 154 3 550.1
3 5 35 162 4 550.3
4 10 17 154 4 564.2
5 10 23 162 2 566.7
6 10 35 145 3 560.3
7 15 17 162 3 567.8
8 15 23 145 4 565.5
9 15 35 154 2 557.5
Ty, 1 653.8 1 685.4 1 679.2 1 677.6

T; 1 691.2 1 682.3 1671.8 1 678.2

Ts; 1 690.8 1 668.1 1 684.8 1 680

K, 551.3 561.8 559.7 559.2

Kaj 563.7 560.8 557.3 559.4

Ks; 563.6 556 561.6 560

R, 12.4 5.8 4.3 0.8

ik 10 17 162 4

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig 3 Equivalent stress field of the weldment at different time
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