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Abstract: A solid welding wire of 800 MPa high-strength steel was developed, and the effects of four heat inputs of 10 kJ/
cm, 13.7 kJ/em, 16.4 kJ/cm, and 22.1 kJ/cm on the microstructure and mechanical properties of the deposited metal were
systematically studied using the polar active gas protection arc welding process. Through characterization methods such as
optical microscopy (OM), scanning electron microscopy (SEM), and energy dispersive spectrometer (EDS), it was found
that the microstructure of the deposited metal under the four heat input conditions was composed of granular bainite, plate
bainite, acicular ferrite, side plate ferrite, and pre-eutectoid ferrite. With the increase of heat input, the content of plate
bainite gradually decreased, the content of acicular ferrite first increased and then decreased, and the side plate ferrite, pre-
eutectoid ferrite, and grain boundary ferrite successively precipitated and grew. Mechanical property tests showed that the

tensile strength and yield strength of the deposited metal decreased with the increase of heat input, while the impact absorp-
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tion energy at -40 °C first increased and then decreased. When the heat input was 13.7 kJ/cm, the comprehensive perfor-

mance of the deposited metal was the best, with a tensile strength of 870 MPa, a impact absorption energy at -40 °C of 62-

104 J, and an average value of 84 J, showing excellent strength and toughness matching.
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Table 1 Chemical composition of welding wire (wt. %)

C Si Mn Cr Ni
0.04~0.10  0.20~0.75  0.50~2.50  0.26~0.50  0.10~2.75
Mo Cu P S Ti

0.22~0.60 0.17~0.22  0.01~0.012  0.008~0.012 i

x2 RZUFEHS (RESH, %)

Table 2 Chemical composition of welding wire (wt. %)

%% C Si Mn Cr Ni Mo Cu P S Ti
1# 008 0.63 172 045 1.62 052 020 0.010 0.008
2# 008 0.57 1.67 039 205 042 0.18 0.011 0.008
3# 008 0.62 1.72 032 054 035 0.17 0.012 0.008
4# 008 0.65 175 042 081 028 0.15 0.010 0.005 &t
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Fig. 1 Mechanical properties of deposited metal
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Table 3 Chemical composition of Q690 steel (wt. %)

C Si Mn Cr Ni Ti Mo Cu P S
0.15 026 145 026 0.01 0.016 0.01 0.01 0.013 0.001
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Table 4 Welding parameters

B P BRI R SRR T[] IR
/(kJ-em™) /A IV /(ecm+min™") /°C

1 10 220 25 33 150

2 13.7 260 29 33 150

3 16.4 300 30 33 150

4 22.1 300 30 24.48 150
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Fig.2 Microstructure of deposited metal under different heat input
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Fig.3 SEM morphology of deposited metal under different heat input
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Fig. 4 Mechanical properties of deposited metal under different

welding heat input
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Table 5 Chemical composition of deposited metal unde different heat input (wt. %)

A/ (kI -em™) C Mn Si P S Ni Mo Cr Ti \Y Cu
10 0.09 1.58 0.61 0.009 0.003 0.79 0.31 0.41 0.06 0.008 0.16
13.7 0.08 1.63 0.63 0.008 0.003 0.81 0.31 0.42 0.06 0.007 0.17
16.4 0.08 1.60 0.62 0.008 0.003 0.80 0.30 0.42 0.07 0.006 0.17
22.1 0.08 1.60 0.62 0.008 0.003 0.80 0.30 0.42 0.07 0.006 0.17
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Fig. 6 Fracture macroscopic morphology of impact test
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