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Influence of Welding Repair Times on the Microstructure and Properties of
Q450NQR1 Atmospheric Corrosion Resistant Steel MAG Welded Joints
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Abstract: In response to the welding repair needs of Q450NQR1 atmospheric corrosion resistant steel welded joints in rail
transit equipment manufacturing and maintenance, this study investigates the effects of MAG welding repair processes (1~4
times) on the evolution of microstructure and mechanical properties of the joints. The results show that after 1~4 times of
welding repair, the types of joint microstructure remain consistent, with the weld zone and fusion zone mainly consisting of
pro-eutectoid ferrite and acicular ferrite, and a small amount of pearlite and granular bainite. However, the grain size in the
overheated zone increases significantly with the increase in the number of welding repairs. After 4 times of welding repair,
the average equivalent diameter of grains in the cover coarse grain zone increased by about 20%, while that in the underbead
zone increased by about 8%. Tensile and bend tests of the welded joints indicate that the welds have good plasticity and
toughness. With the increase in the number of welding repairs, both the impact toughness and fatigue strength of the joints
decrease. After 4 times of welding repair, the impact energy value in the weld zone decreased by about 4.2%, while in the
heat affected zone it decreased by about 40.1%; the median fatigue strength decreased by about 29.0%. The accumulated

thermal input during the welding repair process leads to grain growth in the overheated zone, reducing the toughness of the
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joints. At the same time, the repeated action of welding thermal cycles on the heat-affected zone causes grain refinement, fur-
ther reducing the impact toughness and fatigue strength of the joints. This study reveals the influence pattern of the number of
welding repairs on the microstructure and properties of Q450NQR1 atmospheric corrosion resistant steel welded joints, pro-
viding an important theoretical basis for optimizing welding repair processes and enhancing the reliability of welded joints.

Keywords: Q450NQR1 weathering steel; MAG welding; butt joint; weld repair; joint microstructure and mechanical properties
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Table 1 Chemical composition of steel Q450NQR1 and TH550-NQ-II deposited metal (wt. %)

MR C Si Mn P Cu Cr Ni
Q450NQR1 <0.12 <0.75 <1.50 <0.008 <0.025 0.20~0.55 0.30~1.25 0.12~0.65
TH550-NQ-II <0.12 <0.60 1.20~1.60 <0.020 <0.025 0.20~0.50 0.30~0.90 0.20~0.60

x2 SMNEBELIBHESENNFERE
Table 2 Mechanical properties of steel Q450NQR1 and TH550-NQ-II

deposited metal

. FHIREE  bohoRE KR ki,

R, /MPa R /MPa A%  (=40°C)/]
Q450NQR1 >450 550 >19 >60
TH550-NQ-II 2450 >550 >22 >60

TRk A AR IEAE N 3 )2 438 (LA 1a),
PLBERA A 2r 9h : E=7.1 kJ/em, E-=10.7 kJ/cm, E;
=11.6 kJ/ecm,E,=10.8 kJ/cm, BRI } 5 mm
(AR R AR 2 (DL 1b) | KB R TE (4 3% 151 £ B 60°,
MBS R 2 )2 318, SR A E,:=10.7 KJ/em,
E=11.6 kJ/cm,Es=10.8 kJ/cm, X}JFIAEZ(Z001) A
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Fig.2 Shape and dimensions of tensile and bending test samples
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Fig. 4 Fatigue Test Sample Shape and Size
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Table 5 Impact value of welded joint

~40 °Ciii T A, /I
S/ T hALS ud
LAAME TFHEIME
) ik 90 95 101 95
Z001/JF A7
s X 120 116 114 117
et 88 9 100 94
Z101/KE4h 13 o
PG X 104 75 96 91
. 1igE 100 98 84 94
Z2018h 21k -
AL X 108 72 88 91
, Pt 98 81 95 92
Z301/K¢4h 3 ,
G X 96 66 78 80
JsE 90 96 88 91
ZA01/15 M 4 Tk
FAFZ ] X 75 63 73 70

224 BEEROEZRBERS SN
SRR T LA 57 FPE R Aoy WA 6,
*Fo EEEINDEETRE

Table 6 Median fatigue strength of welded joints

i 5/ T WFTWIR Ao, "/ MPa
7001 305.1
7101 291.4
7201 250.7
7301 237.4
7401 216.7
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