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ABSTRACT: The work aims to find the optimal heat input parameters of submerged arc welding of Q355B thick plates, and
analyze the influence of heat input on the micro-structure and performance of welded joints. A 32 mm thick Q355B steel plate
was selected, a HIOMn2 welding wire and SJ101 flux were used to match four kinds of low, medium and high heat inputs (27.43,
30.17, 34.97 and 39.00 kJ/cm) for welding. Optical microscope, Rockwell micro-hardness tester, hydraulic universal testing
machine and pendulum impact testing machine were used to test micro-structure, hardness, tensile and impact performance of
the joint. When heat input was 27.43 kJ/cm, weld and coarse crystal structure were mainly ferrite, with a small amount of pear-
lite and bainite, joint hardness was 83HRB-90.5HRB, tensile strength was 524.5 MPa, and impact power was 112.7 J and 121.3
J; When heat input was increased to 30.17 kJ/cm, weld structure was basically unchanged, ferrite and pearlite in coarse crystal
structure increased, granular bainite decreased, joint hardness was 82.7HRB-88.7HRB, tensile strength was 518 MPa, and im-
pact power was 121 J and 132 J; When heat input was increased to 34.97 kJ/cm, weld and coarse crystal structure were mainly
massive ferrite, granular bainite and pearlite decreased, grains became coarse and Weishi structure appeared, joint hardness was
83.5HRB-88.1HRB, tensile strength was 522 MPa, and impact power was 106.7 J and 118 J; When heat input was 39 kJ/cm,
weld was mainly massive ferrite, with a small amount of eutectic ferrite and pearlite, coarse crystal structure was basically un-
changed with 34.97 kJ, joint hardness was 83.1HRB-85.8HRB, tensile strength was 516 MPa, and impact power was 92.3 J. In
conclusion, with the increase of heat input, micro-structure of weld and heat affected zone becomes thicker, and Widmanstatten
micro-structure appears in the heat affected zone. At the same time, strength and hardness properties of the welded joint show a
downward trend, and impact performance shows a trend of first increasing and then decreasing. When heat input is 30.17 kJ/cm,
micro-structure and comprehensive mechanical properties of the welded joint are the best.

KEY WORDS: Q355B thick plate; submerged arc welding process; low, medium and high heat input; micro-structure of weld

and heat affected zone; mechanical properties of welded joint
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Tab.1 Material and mechanical property
Material Size/mm o/MPa o,/MPa Al% A1
Q355B 600x200x%32 =345 470-630 =20 =347(20C)
H10Mn2+SJ101 $4.0 =390 490-610 =20 =41J(-40 C)

Note: oy is yield strength, oy, is tensile strength, 4 is elongation, 4y, is impact energy.

k2 RBESY
Tab.2 Welding parameters

Current/A Voltage/V Speed/(cm-min ") Power polar Heat input/(kJ-cm ")
500 32 35 DCEN 27.43
550 32 35 DCEN 30.17
600 34 35 DCEN 34.97
650 35 35 DCEN 39.00
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Tab.3 Tensile test resultss

Heat input/ o/MPa

o,/MPa

Al% Fracture location

(kJ-em™) Measured value Average value Measured value Average value
27.43 376/372 374 527/522 524.5 29/29.5 Base material
30.17 380/376 378 514/522 518 28.5/29 Base material
34.97 378/372 375 520/524 522 29/29.5 HAZ & base material
39.00 372/374 373 518/514 516 29/29.5 HF & base material
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Tab.4 Impact test results

Ayy(HF)/J

Heat input/(kJ-cm )
Measured value

Average value

27.43 114/116/108 112.7
30.17 124/118/121 121
34.97 106/104/110 106.7
39.00 90/86/101

Axy(HAZ)/J
Measured value Average value
128/120/116 121.3
138/132/126 132
122/116/116 118
86/98//91 91.7
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