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ensite structure, the work aims to treat the J55 steel base material before welding, and study the welded joints. Before welding,
the J55 steel base material was heat-treated at 760 C and 880 ‘C respectively, and then welded by TIG welding method. The ef-
fect of TIG welding on the microstructure and mechanical properties of joints was studied. After heat treatment at 760 ‘C before
welding, the pearlite (P) content of the base material was significantly reduced and refined. After welding, the HAZ structure of
the joint transformed into grain boundary ferrite (GBF), acicular ferrite (AF) and P. The microstructure of the base material after
heat treatment at 880 ‘C was mainly polygonal ferrite (PF) and AF. The HAZ of the post-weld joint got PF, bainite (B) and M-A
components. The two types of heat treatment joint weld zone (WZ) cover welding layer structures were GBF and AF, and the
bottom welding layer structures close to and away from the cover welding layer were mainly PF and P. The HAZ structure of the
untreated joints was PF, B and martensite (M). Compared with the microhardness of the two base material heat-treated joints, the
microhardness of the unheat treated joints was in the middle, the tensile strength was the highest, the elongation was the lowest,
the tensile fracture was located between the fusion line and the HAZ, and the fracture surface showed brittle fracture characteris-
tics. Compared with the base material treated at 760 C before welding, the highest HAZ microhardness value of the base mate-
rial welded joint after 880 ‘C heat treatment reached 523HV, which was 2.2 times that of welded joint under 760 ‘C heat treat-
ment. The tensile strength of the joint increased by 2.2%, but the elongation decreased by 7.6%. Both joints fractured in the base
material area when tensioned, and the fracture showed ductile fracture characteristics. The J55 steel base material subject to heat
treatment before welding and welding with TIG welding method can obtain welded joints with excellent mechanical properties.
The base material heat-treated at 760 ‘C has better mechanical properties of the joints.

KEY WORDS: J55 steel; pre-weld heat treatment; automatic TIG welding; microstructure; mechanical properties
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Tab.1 Chemical composition of base material and welding material wt.%
Materials C Si Mn P S Cr Ni A% Cu Mo Fe
Base material 0.37 024 129 0.013 0.006 0.040 0.18 0.018 0.015 0.10 0.083 Bal.
Welding material 0.065 0.87 1.45 0.015 0.010 — — — 0.45 — Bal.
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Fig.1 Schematic diagram of the settings of the welding
gun and oil casing before welding
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Tab.2 Welding process parameters

Welding gun swing parameters

Welding current

Weldi - - Arc Feed Rotate
clamng Swing Swing Dwell Base Peak voltage wire speed vo/  speed v/
sequence speed vy/ width time current Current UV (mmmin’)  (mmmin )
(mm'min ") d/mm t/'s I/A L/A
Bottom welding layer 600 3 0.2 42 106 13 580 75
Cover welding layer 700 7 0.3 48 110 14 680 70
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Fig.2 Surface morphology of the joint after base
material heat treatment
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Fig.3 Macrostructure morphology of the joint cross section
after base material heat treatment
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Fig.4 Microstructure of base material before and after heat treatment: a) before heat treatment;
b) 760 C heat treatment; ¢) 880 ‘C heat treatment
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Fig.5 HAZ microstructure of weld of base material before and after heat treatment: a) HAZ before heat treatment; b) cover weld-
ing layer HAZ under 760 ‘C heat treatment; c¢) bottom welding layer HAZ under 760 C heat treatment; d) cover welding layer
HAZ under 880 ‘C heat treatment; ¢) bottom welding layer HAZ under 880 C heat treatment
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Fig.6 Microstructure of weld area: a) cover welding layer; b) bottom welding layer close to the cover welding layer;
c) bottom welding layer away from the cover welding layer
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Fig.7 Microhardness of welded joints of base material
before and after heat treatment
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Fig.8 Tensile properties of welded joints of base material
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Fig.9 Fracture morphology of base material joint and base material before and after heat treatment:
a) before heat treatment; b) 760 C heat treatment; ¢) 880 C heat treatment; d) base material
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