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Abstract: During the welding process, various regions within the heat-affected zone (HAZ) undergo different thermal
cycles, resulting in significant microstructural changes, making the HAZ the weakest area of the welded joint. Currently,
most research focuses on the precise characterization and understanding of the distribution patterns of strength and tough-

ness in different characteristic regions of girth welds, while there is relatively little focus on the HAZ width. This study is
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based on the fully automated welding process of D1219%22 X80 pipeline steel, wherein a finite element model (FEM) of the
pipeline girth welds was developed. A heat source subroutine was written to incorporate both single and dual torch welding
processes. The birth-death element method was employed to simulate the welding process of different layers. The thermal
cycle curves were studied and analyzed, and the results were compared with actual welding experiments to verify the
model's accuracy.By adjusting the welding current to regulate heat input, the temperature range associated with the width of
the HAZ was determined,the width of the HAZ was measured for each weld layer under different heat inputs, and the varia-
tion trend was observed: the width of the HAZ increased approximately linearly with increasing heat input. Therefore, it is
necessary to choose the appropriate size of welding heat input during the welding process of pipeline girth welds. Based on
the measured HAZ widths of each weld layer under various heat inputs, a predictive model for the HAZ width was estab-
lished and validated.The relative error between the experimental measurements and the predicted values from the model was
less than 20%, confirming the reliability of the predictive model and providing valuable reference data for actual welding
processes.

Keywords: girth welds; HAZ width; heat input; predictive model
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Fig. 1 3D geometric model of X80M pipeline
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Fig.2 Design of composite groove joint
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Fig.3 Sequence of weld bead
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Fig. 4 X80M pipeline mesh model
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Fig. 5 Double ellipsoid heat source model
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Table 1 Thermophysical performance parameters of X80M pipeline

R W fEIRREL A
/°C (kg m™) /[W-(m-°C)™"]  /[J-(kg-°C)™"]
20 7 820 50 460
250 7770 47 480
500 7610 40 530
750 7 550 27 675

1000 7490 30 670

1500 7350 35 660

1750 7300 140 780

R2 XSOMELNH N F MRS

Table 2 Mechanical performance parameters of X80M pipeline

i ARALE PSR IR UVERCR JafieRE

/°C u /MPa Ko /MPa /MPa
20 1.9¢-5 1.3e-5 7.6¢-4 550
500 1.2¢-5 1.59-5 4.8e-4 120
750 2e-4 1.54e-5 1.7¢-4 12
0.29
1000 2e-5 1.53¢-5 1.3¢-5 1.5
1500 1.8e-5 1.52¢-5 4.5¢-7 5.3e-2
1750 1.7e-5 1.49¢-5 1.1e-7 2.1e-3
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Fig. 6 Evolution morphology of molten pool in X80M pipeline circumferential weld section
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Table 3 Fully automatic welding process parameters

(h)E76-1

JEIE HLIRL/A LR/ V 2234/ (cm - min™") JELAE %/ (cm - min ™) P A/(kT-mm™)
HER(D) 165~211 21~22 950~1 000 68 0.31~0.40
IR (2) 195~245 21.5~24.2 950~1 000 52~57 0.49~0.62

HFT(3-1) 170~211 22.8~24.6 850~1 000
B 35~47 0.59~0.76
HFE(3-2) 168~210 22.6~24.6 850~1 000
HFE(4-1) 169~205 22.5~24.8 850~960
) 35~47 0.59~0.78
H7E(4-2) 163~209 23.2~25.1 850~960
HE(5-1) 165~200 22.6~24.3 950~920 35~48 0.55~0.73
T (6-1) 113~130 22.3~23.7 600~660
30~50 0.39~0.49
1A (6-2) 120~141 22.4~23.8 600~660
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Fig. 7 Drilling position and installation position of thermocouple in

heat affected zone
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Table 4 Numerical calculation process parameters for X80M pipeline
circumferential weld welding
I FHEHRR/A SRRV RS/ (mmeminT)
g 243 24.0 450
AT 3-1 213 24.6 320
W7 3-2 206 24.0 320
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Fig. 8 Cloud diagram of hot pass and filling welding

1 500

Rl
— B
1200+
900 F
S
&
2 600 F
300
() L
400 480 560 640
A [at/s
(a)FAfi
- SR
900} — BT
00600-
=
i
i
300
O 5
900 1000 1100 1200 1300
s [E] t/s
(b)HFME3

B9 MERSERIIEEMEING ERNEIESITEET
Fig. 9 Comparison of experimental data and calculated values of ther-

mal cycling history between hot pass and filling welding
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Table 5 Comparison of experimental and numerical calculation results

iH R B X%
PRI IR /°C 1385.84 1295.78 6.50
U7 3- 1 IR (H IR /°C 811.56 863.86 6.44
T 3-2 SR (H IR /°C 560.00 658.68 17.62
Pty /s 3.68 3.78 2.72
A 3-1 02 4,/ 4.42 437 1.13
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Fig. 10 Comparison of experimental measurement and numerical

calculation results of HAZ width
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Table 6 Comparison of experimental measurement and numerical

calculation results of HAZ width

P A K MBI AR
K2 _—
/(kJ*mm™) I /mm /mm 1%
PR 0.778 1.400 1.168 16.57
W75 3-1 0.983 1.561 1.814 16.21
i3 3-2 0.927 1.703 1.694 0.55
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Table 7 Welding parameter

g 7531 5 3-2
b A FL 3L HL 2SS A CERI R R A LI HLE AR
/(kJ*mm™) /A N /(em'min™") /(kJ-mm™) /A N fem'min™")  /(kJ*mm™) /A N /(cm*min~")
0.778 243 24 45 0.983 213 24.6 32 0.927 206 24 32
0.794 248 24 45 1.006 218 24.6 32 0.950 211 24 32
0.810 253 24 45 1.029 223 24.6 32 0.972 216 24 32
0.826 258 24 45 1.052 228 24.6 32 0.995 221 24 32
0.842 263 24 45 1.075 233 24.6 32 1.017 226 24 32
0.858 268 24 45 1.098 238 24.6 32 1.040 231 24 32
0.874 273 24 45 1.121 243 24.6 32 1.062 236 24 32
0.890 278 24 45 1.144 248 24.6 32 1.085 241 24 32
0.906 283 24 45 1.167 253 24.6 32 1.107 246 24 32
2
()5 Z (b)IEF3- 1122 2oL (©MHF3-27EE
1.41 ol
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| e | 2 bR | B a3
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Fig. 11 Data on the HAZ width
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Table 8 Data on the HAZ width
P 3 3-1 5832
P A/ (kI -mm™) FREZ I X5 B /mm P A/ (KT -mm™) P X5 B /mm P A/ (kI-mm™) FREZ I X 56 B /mm
0.778 1.168 0+0.1 0.983 1.814 1£0.1 0.927 1.693 7+0.1
0.794 1.221 6+0.1 1.006 1.886 8+0.1 0.950 1.762 3%0.1
0.810 1.224 4+0.1 1.029 1.923 120.1 0.972 1.796 7+0.1
0.826 1.277 8+0.1 1.052 1.959 5+0.1 0.995 1.844 7+0.1
0.842 1.287 0+0.1 1.075 1.991 3+0.1 1.017 1.858 5+0.1
0.858 1.308 7+0.1 1.098 2.067 2+0.1 1.040 1.885 9+0.1
0.874 1.341 2+0.1 1.121 2.104 8+0.1 1.062 1.934 0+0.1
0.890 1.362 8+0.1 1.144 2.135 0£0.1 1.085 1.983 2+0.1
0.906 1.389 9+0.1 1.167 2.164 1+0.1 1.107 2.020 0+0.1
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Fig. 12 Fitting curves on the HAZ width under different heat inputs for multiple welding layers
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Table 9 Comparison between measured values and predicted formula

calculated values of weld joint width of heat affected zone
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