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Microstructure and Mechanical Properties of DP-TIG Welded Joints
of X80M Pipeline Steel
LI Yonggi', XUE Ruilei', WU Wei? XIA Lei!, LIU Hongsheng*

(1. School of Mechanical Engineering, Xinjiang University, Urumgi 830017, China; 2. Wuxi Meikele Automation Equipment
Co., Ltd., Wuxi 214142, China)
Abstract: In order to optimize the welding parameters of X80M pipeline steel under the deep penetration tungsten inert

X E 42 1001-3814(2026)01-0118-07

gaswelding (DP-TIG) process, an orthogonal experiment was conducted on the welding current and welding speed parameters
during the DP-TIG welding process using flat plate butt welding (base metal self melting). The influence of DP-TIG welding
process on the forming effect, microstructure and mechanical properties of pipeline steel joints on both sides was analyzed,
and the optimal welding process parameters were obtained. The results show that under the DP-TIG welding process, defect
free and well formed welding joints are obtained. Due to the high heat input and large cooling gradient, the fusion line of the
weld is clearly visible, and the joint structure is mainly composed of ferrite and bainite. The average grain size of the weld
zone, coarse grain zone and fine grain zone is 7.6 pm, 13.6 pm and 8.1 um. The tensile strength and yield strength are 697
MPa and 627 MPa, respectively, and the fracture surface of the tensile specimen is located at the position of the base metal.
The impact absorbed energy of the weld seam and heat affected zone is 184 J and 203 J, respectively.
Key words:X80M pipeline steel; DP-TIG welding; microstructure; mechanical properties
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Tab.1 Main components of base metal and welding wire (wt%o)

25 C Mn S S P Cr Ni Ti Cu Mo Nb Al \% Fe
X80M 0049 | 170 | 025 | 0001 | 0011 | 025 | 013 | 0014 | 003 | 010 | 0.043 | 003 | 0002 | 45
CHW-80GX3 | 009 | 152 | 068 | 0012 | 0.0085| 0.026 | 0.95 | 0.065 | 0.14 - - - - AN

R 2 X80M 5RLpFEMRE
Tab.2 Main performance of X80M and welding wire

25 ou/MPa o/MPa KV (-20°C)/J
X80M710 710 565 =281
CHW-80GX3 624 547 206

P TR R ST R 250 mmx 150 mmx 10 mm, T4 22 [i]
IREE R | BRI O 3 DRI 0~0.5mm, fR4%H
JE R Tetrix_1002_DC, /K¥& 5 F CW-6200 Tl 7K
AL, AR SR A 99.99% 1) TR, FE A1
PUA R PLC ISR GIAE, X244 DP-TIG #2467
2 TR IE F AR SR A AR T & 15L/min, 4%
T AT HH R R Y 20L/min, B EE AN
6.4 mm 945 HE oA 30° S = R 2~3mm,
1.2 KB H*E

X1 F WIS DP-TIG 5 T 7% 8,10,12mm
JEBE BN AT R e, LR B2 IR O 440,500,

TR

> AT EFERE I

Kl 1 DP-TIG 5T
Fig.1 Experimental platform of DP-TIG
550 A, K45 3 i ol 250,230,180 mm/min, £ 4 £A
h 45°, Zhang %MK ] DP-TIG #42% T. 2% 8mm )
Q345 WA T BUFEL A TS, IR HL IRl 465A |
SRR Amm/s JEAE R RSN 2mm B HE ARl
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®3 BEIZSH
Tab.3 Welding process parameters

ML | HOE | MRREREE | R 22 | BRIBIREE| 3R
I/A | UV [VI/(mm-s?)| V/(cm-s?) | /mm /Hz

AR | 530 | 18.4 205 - - _
42367 | 260 | 14.1 80 1200 8 05

e T

el

O

Fig.2 Welding seam forming effect

X T 2B SE UG, BB Sk Xk
R A5 AH RISV TR | T B AT S I
T G | BRI T S P RE O 2 PR PR Ao 32
OIATRAEEAE Z LV BLG C rhah E PEAE, dlad
o AT A T S AN i DR R R O
it RASZ M) XA e A KU | AT A B A $
Bij R KR L A R A 2R A, 33 v 7 IO
A7 5 BT AR W e DX I P 45 1 S, 9 2
TFRGE ], Bl X80 4L AR 4 J 2 15 [ B BE A 1Y
Ik A5, PR X80 LN TE & 2 IR h i 4t
PEOTIERE . T SRR e P R o A Sk e
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R N5 | R A BOT 2N, i E v
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2.1 BEELENER
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TNo BEAIREEX S BRI AY, EE ESh
TRLZTG T, T A0S R ST 4 i 5 B2 29
122mm, BEEEZ N 1lmm, S5 EEL N 15
mm, DP-TIG 8 T2 M E AR, FosE 9 tdim
A MEIHE G ETE SR IR 2R, e 143
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AR AR G X AN 3(b) T, 2
ARy 3285 g B X (basematerial ,BM) | IIfi 5t X
(intercritically heat affected zone, ICHAZ) 4k X (fine
grained heat affected zone, FGHAZ) FI# i [X. (coarse
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3 X80M X4tk W5
Fig.3 Macroscopic morphology of X80M butt joint
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Fig.4 Microstructure of X80M butt joint
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Fig.5 Tendle test results of X80M butt joint
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Fig.6 Impact test results of X80M butt joint
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Fig.7 Microscopic morphologies of impact fracture surface
of X80M butt joint
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Fig.8 Microhardness test results of X80M buitt joint
2.4 EBSD &#f
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Fig.9 IPF plot and average grain
size statistics
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