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Analysis of dynamic stress-strain characteristics of AH36
steel welded joint

LIU Wei, ZHU Yongmei, SUN Ao
(School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang, 212008, China)

Abstract: Based on the thermal elastic-plastic method, the dynamic stress-strain deformation process of AH36 steel welded joint
with 160° butt joint was studied. At the same time, the sample was made, and the dynamic change of welding strain was recorded
by three-dimensional full-field strain measurement and analysis system, which verified the accuracy of welding finite element
results. The effects of preheating temperature and welding velocity on dynamic stress and strain were analyzed. The results show
that with the increase of preheating temperature, the welding deformation decreases gradually. When the preheating temperature is
200 °C, the average welding deformation is reduced by 34. 6% compared with the average welding deformation without preheating.
At the same time, the distribution of welding stress field is improved, and the compressive stress distribution area of weld and heat
affected zone is increased, but the stress amplitude is not sensitive to the change of preheating temperature. The welding
deformation increases with the increase of welding velocity. When the welding velocity is greater than 5 mm/s, the growth trend
gradually slows down, and the equipotential distribution area of the welding deformation field decreases. With the increase of
welding velocity, the distribution area of welding compressive stress field decreases, and the distribution area of welding tensile

stress field increases. The change of welding velocity will also cause the stress of middle layer thickness to fluctuate.

Highlights: (1) Based on the combination of experimental method and finite element method, the dynamic stress and distortion
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characteristics of AH36 steel welded joint was studied.

(2) The effect of preheating temperature and welding velocity on the dynamic stress and distortion characteristics of

AH36 welded joint was investigated.

(3) Based on digital image correlation technology, the dynamic distortion process of AH36 steel welded joint was

tested.

Key words: welding joint; dynamic stress and distortion; numerical simulation; preheating temperature; welding velocity
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Table 1 Welding parameters
JREEVREE CERES IR/ SRR e b A
h/mm VIV I/A  v/(mms')  g¢/(mm)
3 18 80 5 230.4
3 21 110 5 369.6
3.5 23 130 5 478.4
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Table 2 High temperature properties of AH36 steel

R E PRIk AL Jett B SRS i HELVNEA R LAk FREH
T/°C a/ (107K R/ MPa E/GPa p/(gem™) C/(kg "KM A/ (W-m K
20 1.67 265 200 0.29 7.80 465 15.0
100 1.70 237 190 0.30 7.79 500 15.1
300 1.83 170 168 0.31 7.75 512 18.0
500 1.95 142 157 0.32 7.65 546 20.4
700 2.00 122 151 0.33 7.57 589 22.9
900 2.02 68 120 0.33 7.50 615 25.5
1100 2.03 36 76 0.33 7.47 647 29.5
1300 2.10 17 20 0.34 7.35 697 33.0
1500 2.13 8 10 0.39 7.33 704 32.0
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Fig. 8 Displacement curve and contour in different
preheat temperatures. (a) Displacement curve;
(b) Contour of displacement field
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Table 3 Displacement of points under different preheat temperatures

20 °C 90 °C 150 °C 200 °C
WA R ety BB RGBS GBI R GBI R

Upax / mm U/mm Upax / mm U/mm Upax / mm U/mm Upax / mm U/mm
1 —0.475 —0.690 —0.438 —0.651 —0.386 —0.600 —0.262 —0.486
2 —0.432 —0.650 —0.391 —0.608 —0.336 —0.554 —0.211 —0.439
3 —0.405 —0.624 —0.361 —0.579 —0.305 —0.524 —0.179 —0.408
4 —0.378 —0.597 —0.332 —0.550 —0.274 —0.493 —0.149 —0.376
5 —0.354 —0.572 —0.305 —0.522 —0.258 —0.464 —0.116 —0.348
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Fig.9 Stress curve and contour in different preheat
temperatures. (a) Stress curve; (b) Contour of
stress field distribution
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Table 4 Stress of points under different preheat
temperatures
20 °C 90 °C
TR EeRRi BN T] SE NI S5 IV

Omax / MPa o/ MPa Omax / MPa o/ MPa

1 -24.01 8.01 -27.39 9.11

2 -107.29 -11.93 —108.46 —6.98

3 -77.97 65.77 —87.05 68.99

4 86.66 75.19 87.91 85.44

5 32.89 —-20.70 -31.42 -22.27

150 °C 200 °C
VAR AR BN AN

Oimax / MPa o/ MPa Omax / MPa o/ MPa

1 —26.41 9.59 —26.03 10.17

2 -106.42 —6.45 -106.57 —-2.44

3 -90.92 71.39 76.84 76.84

4 90.37 85.31 87.43 77.99

5 -27.60 -25.62 -29.57 -25.71
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Fig. 10 Displacement curve in different welding velocities. (a) 2 mm/s; (b) 5 mm/s; (c) 10 mm/s
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Table 5 Displacement of points under different welding velocities

. 2 mm/s 5 mm/s 10 mm/s
RE]
H R IR(E AR (AL WA RENIF IR RENIF
Upax / mm U/ mm Uppax / mm U/ mm Uppax / mm U/ mm
1 0.087 —0.423 —0.438 —0.651 —0.509 —0.643
2 0.177 —0.352 —0.391 —0.608 —0.488 —0.618
3 0.223 -0.317 —0.361 —0.579 —0.473 —-0.599
4 0.268 —0.283 —0.332 —-0.550 —0.456 —-0.579
5 0.314 —0.247 —0.305 —0.522 —0.442 —0.560
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Table 6 Stress of points under different welding velocities

. 2 mm/s 5 mm/s 10 mm/s
B
i RN Ty N T] SE NI BN T Sy NIV AN ]
Omax / MPa o/ MPa Omax / MPa o/ MPa Oimax / MPa o/ MPa
1 -21.94 1.94 -27.39 9.11 11.77 -9.07
2 70.79 4.78 —108.46 —6.98 38.15 —-12.05
3 103.43 7.11 —87.05 68.99 56.86 —9.64
4 63.13 3.71 47.99 85.44 49. 68 10.67
5 19.73 —8.42 27.44 —22.27 35.22 —6.84
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Fig. 13 Contour of stress field distribution in different welding velocities. (a) welding velocity 2 mm/s; (b) welding
velocity 5 mm/s; (c) welding velocity 10 mm/s
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Fig. 14 Comparison of temperature contour in different welding velocities. (a) welding velocity 2 mm/s; (b) welding
velocity 5 mm/s; (c) welding velocity 10 mm/s
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