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Comparison of Microstructure and Properties between Q450NQR1 Weather
ing Steel Laser Welding with laser filler welding and MAG Welding Joint
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Abstract: Through the experimental study of laser welding with wire feeding and MAG welding butt joint processes for
Q450NQR1 high-strength weathering steel, the microstructure and mechanical properties of the welded joints under the two
welding methods were investigated, and the tensile fracture surfaces were scanned and analyzed. The research indicates that
the microstructure of the weld zone in both laser welding with wire feeding and MAG welding joints is based on granular
bainite, accompanied by proeutectoid ferrite and a small amount of pearlite. The microhardness of the joints from the weld
to the base metal shows an overall decreasing trend for both welding methods. The laser welding with wire feeding joint has
a narrower heat-affected zone, and the fusion line is the position with the highest hardness, with its hardened area’s aver-
age hardness overall higher than that of the MAG welding joint in the same region. The bending performance of the speci-
mens is good under both welding methods, and the tensile fracture positions are all in the base metal, with the laser welding
with wire feeding joint having a higher strength bearing capacity. The scanning of the tensile fracture surfaces reveals that
the fractures all exhibit typical characteristics of ductile fracture with microvoid coalescence.
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Table 1 Chemical composition of test materials (wt. %)

PERH C Si Mn P S Ni Cr Cu
Q450NQR1  0.120 0.750 1.500 0.025 0.020 0.650 1.250 0.550
TH550-NQ-II 0.100 0.460 1.400 0.016 0.008 0.330 0.480 0.300
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Table 2 Mechanical properties of test materials
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Fig. 1 Picture of butt welding assembly
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Table 3 Laser filler wire welding process parameters

WO SRR KL A g nt
/W /(mm-s™")  /(em'min”)  /(mm-s")  /(kJ-mm™)
950 3.2 60 400 0.30
1300 34 60 400 0.38
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Table 4 MAG welding process parameters
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200 21.9 9.7 80 0.45
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Fig. 2 Microstructureofdifferentregionsoflaserwire-filled welded joints
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Fig.3 Microstructure of different regions of MAG welding joint
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Table 5 Welding joint bending test results
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Fig. 4 Micro-hardness distribution diagram of the welding test piece
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Table 6 Tensile test results of test piece at room temperature
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Fig.5 Tensile fracture scanning electron microscope image

PR A AR SRR 55 5 1 MAG K-S i AR BBy 1
O DR AN i P BB 85, X2 MAG JH L
PEGURL IR AR HE OG22 SR IR — S8 A oML AR
EEARBL . HOCHTZZ IR T MAG K7 7 1
WG X IR LA LT iR s o 2, B T )
LI IR TR R, 2D X
RTINS LA S WAL

3 it

(1) Q450NQR 1 Tt i 4K 1 b4 3= phy HetR gk Z A4
R ERSCR A, BA RAFAEI M . otse )
JREE DX SRR DL AR Ry B4, 95310 3 Se 2L by
BRERA D EBOCIR . BGEm XA G A4k i
B RSHAN/N  ZHEUR TOR LR IR . MAG AR 4% X 41
VLML RBR 2 RRREIR DU EC AR 3, #0G% ) [X 448
Pi, 1 X AR R, iR Re i 25 . IE AKX
FURSEATE K X iR RO A7 rdtif , (H 2 21 5 R
FEEES

(2) WO 22 K 1 S A I ERGRE T DX A Ak X
B AR A AR A 7 T MA G H 42 3 ] X s - 44 i
. MAG 542 3k 5 4 X BURE 2 i v , T OG22

HE Sk PR X R B AR AR X, i AR
JEE fo e 0

(3) B IR IR, MAG RSO G 22 15 4 ) 1k
F| 180°0} , RIHBA K AT A, BA RirE k.

(OFEEMT O A2 MAG A543k it
AT AR, W AR 422 S R W 2407 8 34 S BEAE
KGR I R T RRA AR AR R B IR . o
L2 SRS A S s R AR, 1A R R .

(5) M IEL 22 45 F MAG A5 A 124 Bir 11 (4 v
SOy 25 DX IS M s L 3R B A 8 SRR AT, Ay 0 45
PEWTZERHE

Sk

(1] FEAUF . &P s R 5 HI R Q450NQR1 JF A [T]. 9
Bk ,2018,39(03) : 129-133.
WANG C W. Development of High Strength Weather-
ing Steel Q450NQR1 Containing Vanadium [J]. Iron
Steel Vanadium Titanium,2018,39(03) : 129-133.

[2] Naeem M. High Power Fiber Laser Welding with Filler
Material[ J ]. Photonics Views,2019,16(5) :51-55.

[3] Jvae, 325, HAHE 45 . Q355ND JEH 7 H] B IH
22 PP S A VR RE X M (D). B 0K | 2023, 43
(07) :42-48.
YINY,GONG Y, XIAO M Z, et al. Microstructure and
Performance Analysis of Q355ND Thick Plate and Nar-
row Gap Laser Wire Filler Welding Joint[J]. Applied
Laser,2023,43(07) :42-48.

(4] ik, TRE 2N, 5% . ot &t sh 118
L REERIL B ). FP O, 2017, 44(11) : 72-79.



100

43K

2025 4F:

(5]

(6]

(8]

PENG J, WANG X X, LI G, et al. Effect of Laser Weld-
ing with Filler Wire on Molten Pool Dynamic Behavior
and Weld Formation [J]. Chinese Journal of Lasers,
2017,44(11):72-79.

Zhang K, Li D, Gui H, et al. Adaptive control for laser
welding with filler wire of marine high strength steel
with tight butt joints for large structures[J]. Journal of
Manufacturing Processes,2018,36:434-441.

Gatzen M.Influence of Low-frequency Magnetic Fields
During Laser Beam Welding of Aluminium with Filler
Wire[J]. Physics Procedia,2012,39:59-66.
TR, A R, W DR, 55 . B A X A5 4% 4w 2 21
SAERERIREMALT ] SR, 2019,48(82) :39-42.
XU JQ,ZHOU Y D,ZENG Q W, et al. The Effect of
Heat Input on the Microstructure and Properties of Weld
Metal[J]. Welding Technology,2019,48(S2):39-42.
Thyg i, o A, R, A . P AT 2 PR B

VA L R X RS PERE A e [T ], AR AL,
2020,50(12):92-95.

MA Q B,HUANG X F,HAN J R, et al. Effects of weld-
ing heat input on the microstructure and performance of
coarse grained region of steel for railway freight cars in
harsh environment[ J ] .Electric Welding Machine, 2020,
50(12):92-95.

B BRI ORI, A L Rl HE A Q450NQR1
PG PRI 2 2 R R R R R (). AR
#L,2020,50(4):107-110.

HUANG X F,ZHAO J Y,HUANG J H, et al. Study on
microstructure, hardness and impact toughness of weld-
ing overheated zone of Q450NQRI1 steel with different
heat inputs[ J |.Electric Welding Machine, 2020, 50(4) :
107-110.

AR R AL : http : //www.71dhj.com



