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Low-Temperature Fracture Toughness of Laser-MAG Hybrid Welding
Joint in Weather-Resistant Steel
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Abstract To understand the low-temperature fracture behavior of the laser-MAG (metal active gas) hybrid welding
joint of weather-resistant steel for high-speed trains, the integral values J, of fracture toughness of the welding
metal, heat-affected zone, and base material are obtained through a low-temperature fracture toughness test. The
relationship between fracture toughness and temperature is fitted by the Boltzmann function, and the ductile-to-
brittle transition temperature of each zone is obtained. The results demonstrate that the variation trend of the
fracture toughness of each zone is reduced as temperature decreases. The base material has higher low-temperature
toughness compared with the welding metal. The ductile-to-brittle transition temperatures of the welding metal and
heat-affected zone are —65.9 C and —70.4 °C respectively, both of which are higher than that of the base material
(—81.9 C). The micro-fracture mechanism of each zone of the laser-MAG hybrid welding joint is explained based
on the observation of the microstructure and fracture morphology. The poor low-temperature fracture toughness of
the welding metal is primarily due to the large-size coarse grain and proeutectoid ferrite in the microstructure.

Key words laser technique; weather-resistance steel; laser-metal active gas hybrid welding; low-temperature
fracture toughness; microstructures
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Table 1 Chemical compositions of SMA490BWweather-resistance steel and JM-5511 welding wire

Mass fraction /%

Material
C Si Mn P S Cu Cr Ni Fe
SAM490BW <0.18 0.15-0.65 <1.40 <C0.035 <C0.035 0.30-0.50 0.45-0.75 0.05-0.30 Bal.
JM-5511 0.08 0.36 0.98 0.012 0.011 0.37 0.53 0.042 Bal.
K2 HOEMAG HAMT 2%
Table 2 Process parameters of laser-MAG hybrid welding
Welding speed / Wire feeding
Welding No. Laser power /W Arc current /A Welding voltage /V
(mmes™ ") speed /(memin~ ')
1 4.0 10 7.5 240 24.8
2 1.0 13 9.0 275 27.4
3 1.0 13 9.0 270 27.2
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Fig. 1 Schematic of specimen for fracture toughness test. (a) Sampling positions of specimen;

(b) schematic of specimen dimensions and loading device
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Fig. 2 Fracture-toughness J ., of each zone in laser-MAG welding joint as a function of temperature.

(a) BM; (b) WM; (¢) HAZ
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Table 3 Parameters for ductile-to-brittle transition curves of each zone in laser-MAG hybrid welding joint

Welded zone Ji/(kJ*m™*) Jo/(kJ*m™*) T /C AT /°C R*
BM 79.41 522.75 —81.95 7.96 0.983
WM 51.56 381.86 —65.99 13.65 0.991
HAZ 60.43 504.72 —70.42 5.73 0.992
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Fig. 3 Micro-morphologies of fracture surfaces of BM specimen at different temperatures
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Fig. 4 Micro-morphologies of fracture surfaces of WM specimen at different temperatures

dimple

Cleavage facet
secondary crack \

/’.z

Y e o S R R A = B T R (19
—100 “CHF . Wy 11 b HEA Sy {ar i AR R | fige B 15 B e 4
2 1) RS W P D fi LI R . X e A% XY
WT 1] R R R R R D L R W LR SR )
Pht 22 . Bl il RE [ A 07 48 6 T fie g ) BLYE
FURFAE L B BRI R IR 1

i A 49 e FLOE-MAG 525 0 44 3k 45 XY
O ZURFAE AN 6 iz o fl 18] 6 Ch) m] AT i A 9
AR BE B 2 210 Bk 28 R CF) FIT Al L i O 6] 52 41 R
A BROGIR (P) . B 6 (o) S KR A8 O X i 41 21,

! —J:“- \

dimple

‘Secondary ‘crack

. river pattern

o |

cleavage %\f
river pattern /
/ secondary crack’’

-

5 ANTAE BT PR e DX AR T Y BROULIE AR

Fig. 5 Micro-morphologies of fracture surfaces of HAZ specimen at different temperatures
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Fig. 6 Microstructures and micro-hardness of different zones in laser-MAG hybrid welding joint.

(a) Welding joint;

(b) BM; (¢) WM-laser zone; (d) WM-arc zone; (e) coarse grained zone; (f) fine grained zone; (g) incomplete

normalized zone; (h) micro-hardness
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Fig. 7 Morphology of crack propagation path in different zones. (a) BM; (b) HAZ
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