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Abstract: Aiming at the problems of insufficient weld toughness and poor strength matching of EH40 high strength steel in
engineering welding, a new flux-cored wire with rutile as the main slag system and multi-alloy composite strengthening was
independently designed in this paper. The welding test of EH40 high strength steel was carried out by GMAW process. The
microstructure evolution of the weld zone, fusion zone and heat affected zone of the welded joint was systematically studied.
The core mechanical properties such as tensile, impact and hardness of the joint were tested, and the deposition characteris-
tics of the rutile flux-cored wire and the strengthening and toughening mechanism of the joint were revealed. The results
show that there are no defects such as pores, cracks and incomplete fusion in the welded joint under the optimized process.
The weld zone is mainly composed of acicular ferrite and a small amount of proeutectoid ferrite, showing a network / block
distribution. The fusion zone is mainly composed of acicular ferrite and coarse lath bainite, and the microstructure is ex-
tremely uneven. The normalizing zone is mainly composed of ferrite, coarse lath bainite and fine granular bainite. The in-
complete normalizing zone is mainly composed of fine equiaxed ferrite. The mechanical properties test shows that the heat
affected zone near the fusion line is the high hardness zone of the whole joint. The microhardness range of the line is 232-
244 HV, the average tensile strength of the welded joint is 597 MPa, the elongation after welding is 27%, and the fracture po-
sition is the base metal. Under the condition of -30 °C, the average impact performance of the weld zone is 73 J, the average

impact performance of the fusion zone is 65.5 J, and the average impact performance of the heat affected zone is 99 J, show-
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ing a trend of fusion zone < weld zone < heat affected zone.

Keywords: High strength steel; flux-cored wire; gas metal arc welding; microstructure; mechanical properties
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Table 1 Composition and proportion of core powder (wt. %)

LA B MEEGS AL Bt e PRERED  GESRER BRER g Fegkh A%
38 9 22 1.8 5 2.8 4 1 35 0.3 10.8 1.8
&2 BMMBLELZERS (REDE, %)

Table 2 Chemical composition of base metal and welding wire (wt. %)

%y C Si Mn P S Al N Cu Ti Ni Nb Mo Cr
BEpF 0.08 0.25 1.5 0.008 0.003 0.029 0.003 0.21 0.014 0.19 0.038 — 0.21
fet 0.052 0.33 1.39 0.012 0.006 0.003 — — — 1.55 — 0.010 0.015

E1 BERG

Fig.1 Specific requirements of maps
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Fig.2 The influence of swing parameters on welded formation
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Fig.3 Metallographic structure analysis of welded joints
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Fig. 4 XRD analysis of welded seam
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Fig. 6 local misorientation and schmitt factor analysis of welded joints
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Fig. 7 XRD analysis of welded metal
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Fig. 8 Tensile fracture morphology diagram
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Fig. 9 Impact fracture morphology diagram
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